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Section 1 

Introduction  

History 
The US Army Corps of Engineers Institute for Water Resources has developed IWR Planning Suite II Decision 

Support Software to assist with the formulation and comparison of alternative plans. IWR Planning Suite II 

builds upon previous versions of IWR-Plan, and upon the basic plan formulation and comparison framework of 

the original DOS program ECO-EASY: Cost Effectiveness and Incremental Cost Analyses for Environmental 

Planning, developed within the Corps Evaluation of Environmental Investments Research Program.  IWR-Plan 

transformed ECO-EASY to a Windows operating environment, while IWR Planning Suite transformed that into a 

ƴŜǿ ǇŀǊŀŘƛƎƳ ǿƛǘƘ ŦƭŜȄƛōƭŜ άǇƭŀƴƴƛƴƎ ǎŜǘǎΦέ    

IWR Planning Suite II builds on this history and adds new functionality, flexibility, and reporting tools. IWR 

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

the additive effects of each combinatioƴΣ ƻǊ άǇƭŀƴΦέ L²w tƭŀƴƴƛƴƎ {ǳƛǘŜ LL Ŏŀƴ ŀǎǎƛǎǘ ǿƛǘƘ Ǉƭŀƴ ŎƻƳǇŀǊƛǎƻƴ ōȅ 

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 range of decision variables.   In addition, IWR 

Planning Suite II 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).  The software is available for download via the IWR Planning Suite II 

website (http://crbweb01.cdm.com/iwrplan). 

Audience 
¢ƻŘŀȅΩǎ environmental decision makers are faced with a complex dilemma. Many of our ƴŀǘƛƻƴΩǎ valued 

watersheds, ecosystems and habitats are degraded or threatened. At the same time, dwindling budgets at all 

levels of government are forcing some hard choices about how tax dollars can best be invested. When it 

comes to making decisions about how to invest limited dollars in solving increasingly critical problems, 

decision makers must answer some very tough questions: How much can we afford to invest in an 

environmental project? Is it worth potentially doubling a proƧŜŎǘΩǎ cost, for example, to get a small increase in 

environmental benefits? What level of environmental benefits is worth it? 

Traditional benefit cost analysis is not enough, or even useful, in answering many of these kinds of questions. 

While the costs of environmental investments can still be measured in dollars,  there is no universally-

acceptable method to measure environmental benefits using a single metric, dollars or otherwise. However, 

other tools, such as cost effectiveness and incremental cost analyses, can be used to give decision makers 

better information in making such choices. 

Purpose of Manual 
This manual was developed to serve as a practical guide for applying and interpreting cost effectiveness and 

incremental cost analyses in environmental planning. It describes the analysesΩ data requirements, step-by-

step instructions for conducting the analyses, examples of the analysesΩ application in different planning 

settings, decision making using the anŀƭȅǎŜǎΩ results, a case study, and instructions in the use of the program, 

IWR Planning Suite II. The IWR Planning Suite II software was developed to perform the routine, and often 

http://crbweb01.cdm.com/iwrplan
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time-consuming, number crunching required by the analyses; thereby freeing planners to focus on the 

identification of solutions, the estimation of their environmental and economic effects, and the 

communication of information to support decision making. 

While economists may be most comfortable with the procedures of cost effectiveness and incremental cost 

analyses, biologists, ecologists, and other environmental scientists will typically determine the environmental 

variables to be analyzed and the methods by which changes in those variables will be measured and 

communicated as environmental outputs. Staff from plan formulation, engineering, environmental, and other 

areas will formulate alternative plans to effect changes in those variables. Similarly, cost engineers, real estate 

specialists, economists and others must combine their expertise to estimate the financial and economic costs 

of those alternative plans. It is important that all members of a study team, regardless of their discipline, 

understand how their respective inputs are used in the analyses, and provide decision makers with their 

unique insights in interpreting the ŀƴŀƭȅǎŜǎΩ results. 

Just as the manual is intended for readers from varied backgrounds, it is also intended for readers with varied 

interests. Environmental restoration and mitigation planning studies will typically involve non-Corps parties. 

This manual may provide an understanding of the rationale for, and application of, cost effectiveness and 

incremental cost analyses in planning to interested representatives of other groups and agencies as well as to 

local cost-sharing partners. 

It should be noted by non-economist readers, that a learning curve lies ahead in gaining an understanding 

about cost effectiveness and incremental cost analyses and their uses in planning. The analyses require some 

of us to think about some new things, and to think about some familiar things in different ways. We have tried 

to help you through this learning curve with the explanations and examples provided throughout the manual. 

For some readers, the best way to really become familiar with the analyses may be to do a simple example 

application that can be worked out with a calculator, pencil and paper.  For others, the IWR Planning Suite II 

software can be a valuable educational tool for working through example applications at the computer. In 

either case, you may wish to use the example exercise included in this manual to work through a test problem 

and develop your skills in doing the analyses. 

What Are Cost Effectiveness and Incremental Cost Analysis? 
The cost effectiveness and incremental cost procedures presented in this manual are based upon the planning 

framework established in Economic and Environmental Principles and Guidelines for Water and Related Land 

Resources Implementation Studies (U.S. Water Resources Council 1983), referred to as the P&G. The P&G 

provides the instructions and rules for Federal water resource planning. The P&G require that, in developing 

alternative plans, Federal planners should include only increments that provide net NED [National Economic 

Development] benefits [for flood damage reduction, navigation, and other traditional benefit categories]... 

Increments that do not provide net NED benefits may be included...if they are cost effective. 

For environmental planning, where traditional benefit-cost analysis is not possible because costs and benefits 

are expressed in different units, cost effectiveness and incremental cost analyses offer plan evaluation 

approaches that are consistent with the P&G paradigm. Cost effectiveness analysis is conducted to ensure that 

the least cost plan alternative is identified for each possible level of environmental output; and that for any 

level of investment, the maximum level of output is identified. Subsequent incremental cost analysis of the 

cost effective plans is conducted to reveal changes in costs as output levels are increased. 
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In the absence of a common measurement unit for comparing the non-monetary benefits with the monetary 

costs of environmental plans, cost effectiveness and incremental cost analyses are valuable tools to assist in 

decision making. The results of the analyses, which can be displayed as graphs of outputs against costs, permit 

decision makers to progressively compare alternative levels of environmental outputs and ask if the next level 

is worth it. In other words, is the additional environmental output in the next attainable level worth the 

additional cost? Typical examples of cost-effectiveness and incremental cost graphs are included in Figure 1. 

 

Incremental Cost Analysis 
Why Conduct Cost Effectiveness and Incremental Cost Analyses?  
The planning paradigm in the P&G provides a rational and deliberate approach to solving problems and 

making decisions. Such decision-making requires information; for example, information about future 

environmental conditions with, and without, the implementation of each 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. 

Figure 2 shows some tools of economic analysis that can be used to provide varying levels of information to 

support decision-making. This decision-support continuum ranges from cost oblivious decision making (ignore 

all information about costs) to benefit-cost analysis (a mathematical comparison of benefits and costs). 

Between these two extremes, the economic tools of cost effectiveness analysis and incremental cost analysis 

can provide information to support decision making (Yoe 1992). 

Figure 1 

Examples of Typical Cost-Effectiveness and Incremental Cost Graphs 

Incremental Cost Analysis Cost-Effectiveness Analysis 

Output Output 
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Benefit-cost analysis is generally considered the best-case scenario for Federal water resources decision-

making. In benefit-cost analysis, the monetary cost of a plan is subtracted from the monetary value of the 

benefits to be provided by that plan to compute net dollar benefits. When there is a range of alternative plans, 

the plan that provides the most net benefits is considered optimal, and is typically the recommended plan. 

When project benefits are not measured in dollars, cost effectiveness and incremental cost analyses offer 

next-best approaches. While the cost effectiveness and incremental cost analyses of alternative plans may not 

identify a unique or optimal solution, they can lead to more- informed choices from among alternatives by 

elevating the decision making process above cost oblivious decision making (Yoe 1992). 

The value of this approach to environmental planning is recognized in the National Research /ƻǳƴŎƛƭΩǎ National 

Strategy for the Restoration of Aquatic Ecosystems. The /ƻǳƴŎƛƭΩǎ strategy states that, in lieu of benefit-cost 

analysis, the evaluation and ranking of restoration alternatives should be based upon a framework of 

incremental cost analysis. Continually questioning the value of restoration by asking whether an action is 

worth its cost is the most practical way to decide how much restoration is enough (NRC 1992). As an example, 

the National Research Council cites the CorpsΩ approach where a justifiable level [of output] is chosen in 

recognition of the incremental costs of increasing [output] levels and as part of a negotiation process with 

effected interests and other federal agencies (NRC 1992). 

Although cost effectiveness and incremental cost analyses will not, like benefit-cost analysis, usually lead us to 

a single solution, they will, at the very least, help us make more informed decisions. And, with some care and 

thought in interpreting and communicating the results, they may help us make better-informed decisions. In 

the long term, we hope that this will bring about better decisions about ǘƻŘŀȅΩǎ actions that will affect the 

environment of future generations. 

Applicability 
The plan formulation and cost effectiveness and incremental cost analyses procedures in this manual were 

developed for both restoration and mitigation planning. They are useful for a wide range of problem and 

project sizes, and can be used for scoping solutions even at the earliest stages of planning. In addition, 

although these procedures were developed to meet Corps needs in restoration and mitigation planning, 

focusing on fish and wildlife habitat and watershed or ecosystem-related studies, they should be equally useful 

Cost 

Oblivious 

Decision 

Making 

Increased Information 
For Decision Making  

Benefits- 

Cost  

Analysis 

Incremental 
Cost 
Analysis 

Cost 
Effectiveness 
Analysis 

Figure 2 

Economic Analysis Decision-Making Tools 
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in addressing many other planning applications both within and outside the Corps. For example, the 

procedures may be useful to address problems of dredged material disposal, natural resource management, 

and mitigation banking. Environmental planning and management applications outside the Corps might 

include studies addressing water and air pollution, hazardous waste, cultural resources, or mitigation planning 

in transportation alternatives analysis. Ultimately, applicability is limited only by ŀƴŀƭȅǎǘǎΩ ability to define and 

measure the output and cost of solutions to planning problems. 

How Do the Analyses Fit in the Planning Process? 
Federal water resources planning is a formal choice process that integrates many perspectives. Engineering, 

economic, environmental, social, and political concerns are brought to the table and traded off as a number of 

alternative plans are formulated and evaluated. The P&G planning process consists of a series of steps that 

provide an orderly and systematic approach to selecting a recommended plan. The P&G planning process 

consists of the following major steps: 

1. Identify problems and opportunities; 

2. Inventory and forecast without-project conditions; 

3. Formulate alternative plans; 

4. Evaluate effects of alternative plans; 

5. Compare alternative plans; and 

6. Select a plan. 

Though the numbering of the planning steps indicates the basic order in which they are conducted, planning is 

a dynamic process, the steps of which may be repeated, (or iterated) one or more times as steps of the process 

uncover new information, new alternatives are developed, or as objectives are reevaluated. The cost 

effectiveness and incremental cost analyses procedures in this manual can contribute to a planning study in a 

number of ways, both early on and later in the planning process. 

Cost effectiveness and incremental cost analyses can be useful tools during even the earliest iterations of the 

planning process. As experience will show, the analyses can help you quickly formulate a very wide range and 

number of alternatives during reconnaissance or other early phases of work. 

Cost effectiveness and incremental cost analyses are comparisons of the effects of alternative plans; more 

specifically, they involve comparisons between the outputs and costs of different solutions. As such, you must 

first develop at least preliminary information about alternative plans (planning step 3) and their effects 

(planning step 4) in order to conduct the cost effectiveness and incremental cost comparisons (planning step 

5). In this sense, cost effectiveness and incremental cost analyses may be thought of as being άƭŀǘŜέ in the six-

step planning process. 

Cost Effectiveness and Incremental Cost !ƴŀƭȅǎŜǎΧ²Ƙŀǘ They 
Are Not 
Prior to elaboration of what cost effectiveness and incremental cost analyses are, consider some things that 

the analyses are not. For example, cost effectiveness and incremental cost analyses are: 
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Not the planning process... 

...but you have to understand the planning process to understand the role of the analyses; 

 
Not a technique to measure or forecast environmental outputs... 

...the analyses do not measure or forecast the environmental effects of plans; but that information, 

provided through other techniques, is required to conduct the analyses; 

 
Not a technique for monetizing environmental outputs... 

ΧǘƘŜ analyses will not place monetary values on measurements of environmental outputs; but rather 

the analyses will compare monetary costs against non-monetary outputs across solutions; 

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

...rather, the analyses can show how to meet requirements and keep costs down - or how to maximize 

output for a given expenditure level; and 

Not a method that identifies a single right or optimal solution... 

...unlike benefit-cost analysis, no single plan, like a National Economic Development (NED) plan, will 

emerge as the optimal selection; however, the analyses provide the types of information that will 

support the selection of a single plan. 

 
And a final disclaimer: There is no single right way to conduct cost effectiveness and incremental cost 

analyses for every application. Planners and analysts need to look at each planning problem and determine 

the best way to proceed. The procedures in this manual provide a basic framework for plan formulation and 

evaluation. This framework is flexible enough to handle necessary modifications for its application to a wide 

variety of planning situations. The following chapters provide a number of examples, using the same analytical 

concepts in a variety of different planning applications. Again, once the learning curve has been overcome, 

and with some practice, the insights required to determine the best way to proceed will come with greater 

ease. 

The development of the IWR Planning Suite II software may lead some to think of the analysis as a black box, 

where data is input and then, without requiring any knowledge of the analytical procedures being conducted, 

an answer is provided. Planners must recognize that uninformed dependence on the softǿŀǊŜΩǎ analysis 

results is inappropriate and misguided. 

The capability to perform reality checks on the ǎƻŦǘǿŀǊŜΩǎ output, the insight required to use the software to 

handle different planning scenarios, and the ability to interpret results are important aspects of effectively 

utilizing IWR Planning Suite II. But they may all be applied for naught without a critical understanding of the 

procedures behind the software. Such an understanding will also provide valuable opportunities to consider 

new and different solutions that deliver more for less. 
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Herein you will find detailed, step-by-step, instructions in the procedures encoded into the software program. 

Understanding the procedures and the examples presented in the following chapters will assist analysts in 

achieving a comfort level with applying the analyses. 

History and Background 
Benefit-cost analysis, incremental cost analysis and cost effectiveness analysis have long been integral to 

Federal water resources planning. Requirements for these types of economics-based analyses can be traced 

from the first Federal guidance in the Green Book (1950, 1958), through Senate Document 97 (1962), to the 

Principles and Standards (1973, 1980). Traditionally, these requirements have focused on ǇǊƻƧŜŎǘǎΩ monetary 

costs and monetary benefits. Cost effectiveness analysis has been used to identify the least costly means to 

achieve a range of project benefits; subsequent incremental cost analysis has been used to scale project size 

by judging whether increasing economic benefits are worth their additional costs. 

The evolution of economic analyses in Federal water resources planning was paralleled by the development of 

requirements and technologies for environmental evaluation. As the nationΩs first comprehensive 

environmental legislation, the National Environmental Policy Act of 1969 mandated, in Section 102 (2)(B): 

All agencies of the Federal Government shall...identify and develop methods and procedures, in consultation 

with the Council on Environmental Quality established by Title II of the Act, which will ensure that presently 

unquantified environmental amenities and values may be given appropriate consideration in decision-making 

along with economic and technical considerations. 

In 1983, the U.S. Water Resources Council replaced the Principles and Standards with the Principles and 

Guidelines (P&G), providing the instructions and rules for Federal water resources planning. The P&G requires 

that: 

In general, in the formulation of alternative plans, an effort is made to include only increments that 

provide net National Economic Development (NED) benefits after accounting for appropriate mitigation 

costs. Increments that do not provide net NED benefits may be included, except in the NED plan, if they 

are cost effective measures for addressing specific concerns. (paragraph 1.6.2 (b)) 

While the P&G places emphasis on plans to achieve NED benefits, it does leave the door open for cost-

effective plans to achieve other benefits, such as environmental benefits. 

In the mid-1фулΩs, the Corps adopted the principles of cost effectiveness and incremental cost analyses for use 

in planning and justifying mitigation for fish and wildlife habitat losses caused by projects for flood control, 

navigation, and other developmental purposes. Costs for mitigation are essentially the same types of financial 

costs that are incurred for other project purposes, including costs for: preconstruction engineering and 

design; real estate; construction; ongoing operation, maintenance, repair and rehabilitation; and monitoring. 

Benefits for mitigation are more problematic since, unlike flood control, navigation and other developmental 

purposes, mitigation benefits are not measured monetarily. The analytical difficulty that this presents to 

justifying environmental projects is so pervasive that the Water Resources Development Act of 1986 sought to 

legislate a solution. Section 907 of that Act directs that: 
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In the evaluation by the Secretary [of the Army] of benefits and costs of a water 

resources project, the benefits attributable to measures included in a project for the 

purpose of environmental quality...shall be deemed to be at least equal to the costs 

of such measures. 

Notwithstanding the intent of the Act, there remains no universally acceptable method to express 

environmental benefits in exclusively monetary or economic terms. Mitigation of environmental damage can, 

however, be expressed in other metrics, ranging from simple numbers of acres of a given habitat to more 

sophisticated indicators like habitat units. Therefore, although a traditional benefit-cost analysis cannot be 

conducted without monetary benefits, the costs of mitigation plans can be compared with their non-monetary 

effects. Such comparison is at the heart of cost effectiveness and incremental cost analyses, and is the basis 

for their application in environmental planning. 

Initial Corps guidance on the application of incremental cost analysis in environmental planning, presented in 

engineering circular number 1105-2-185 (U.S. Army Corps of Engineers 1988), included: 

Incremental cost analysis is an investigation and characterization of how the costs of 

extra units of output increase as the level of output increases. In mitigation planning, 

such analyses will result in an array of implementable mitigation plan increments, 

ranked from most to least cost effective. 

This guidance was subsequently incorporated into the Corps engineering regulation number 1105-2-100, 

Guidance for Conducting Civil Works Planning Studies (U.S. Army Corps of Engineers 1990). This regulation, 

referred to as the Planning Guidance Notebook and revised in 2000, requires that: 

An incremental cost analysis shall be performed for all recommended mitigation plans. 

The purpose of incremental cost analysis is to discover and display variation in costs, 

and to identify and describe the least cost plan. 

The requirement of incremental cost analysis for the mitigation of adverse project impacts was extended to 

the restoration of fish and wildlife resources through Policy Guidance Letter #24, (U.S. Army Corps of 

Engineers, 1991). 

In June 1995, the Corps released engineering circular number 1105-2-210, Ecosystem Restoration in the Civil 

Works Program. This guidance underscores the importance of cost effectiveness and incremental cost analysis 

in ecosystem restoration planning. The circular states that: 

Cost effectiveness analysis and incremental cost analysis are fundamental concepts in 

project formulation and evaluation. These 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 conducted to ensure 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 cost for increasing 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 in costs and outputs on which such decisions should be made. 

The Planning Guidance Notebook, ER 1105-2-100, was revised in 2000 and contains the /ƻǊǇǎΩ current policy 

regarding the requirement to conduct cost effectiveness and incremental cost analyses for ecosystem 

restoration projects. Paragraph E-36 states: 

Cost effectiveness and incremental cost analyses are two distinct analyses that must be 

conducted to evaluate the effects of alternative plans. First, it must be shown through 

cost effectiveness analysis that an alternative restoration ǇƭŀƴΩǎ output cannot be 

produced more cost effectively by another alternative. ά/ƻǎǘ ŜŦŦŜŎǘƛǾŜέ means that, for a 

given level of non-monetary output, no other plan costs less, and no other plans yields 

more output for less money. Subsequently, through incremental cost analysis, a variety 

of implementable alternatives and various- sized alternatives are evaluated to arrive at a 

άōŜǎǘέ level of output within the limits of both the sponsorΩs and the /ƻǊǇǎΩ capabilities. 

The subset of cost effective plans are examined sequentially (by increasing scale and 

increment of output) to ascertain which plans are most efficient in the production of 

environmental benefits. Those most efficient plans are called ά.Ŝǎǘ .ǳȅǎΦέ They provide 

the greatest increase in output for the least increases in cost. They have the lowest 

incremental costs per unit of output. In most analyses, there will be a series of Best Buy 

plans, in which the relationship between the quantity of outputs and the unit cost is 

evident. As the scale of Best Buy plans increases (in terms of output produced), average 

costs per unit of output and incremental costs per unit of output will increase as well. 

Usually, the incremental analysis by itself will not point to the selection of any single plan. 

The results of incremental analysis must be synthesized with other decision- making 

criteria (for example, significance of outputs, acceptability, completeness, effectiveness, 

risk and uncertainty, reasonableness of costs) to help the planning team select and 

recommend a particular plan. 

Early Corps field applications of cost effectiveness and incremental cost analyses to environmental planning 

problems frequently consisted of an intuitive calculation and display of the average cost per unit of 

environmental output (benefit) for a set of alternative plans. In a 1989 survey of Corps planning staff titled 

Effectiveness of Incremental Analysis for Mitigation Planning, many respondents reported that incremental 

cost analysis was perceived as a hindrance to plan formulation and selection. The most common criticisms 

pointed to the analysesΩ time-intensive nature and to a lack of clear procedural guidance for their 

implementation (Reese 1989). 

To address these criticisms, Corps Headquarters tasked the Institute for Water Resources to better define how 

cost effectiveness and incremental cost analyses could be accomplished. This resulted in an overview, entitled 

Economic and Environmental Considerations for Incremental Cost Analysis in Mitigation Planning (Greeley-

Polhemus Group 1991), and a draft manual titled Incremental Cost Analysis Primer for Environmental 

Resources Planning (Yoe 1992). These studies provided background research that evolved into Cost 

Effectiveness Analysis for Environmental Planning: Nine EASY Steps (Orth 1994). Concurrent with this work, 

IWR supported a field demonstration to test the applicability of the Nine EASY Steps procedures and the 

resultant report, Bussey Lake: Demonstration Study of Incremental Cost Analysis in Environmental Planning 

(Carlson 1993) was produced. In May 1995, Evaluation of Environmental Investments Procedures Manual; 
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Interim: Cost Effectiveness and Incremental Cost Analyses (Robinson, et al. 1995) was released for review and 

comment. Accompanying the manual was the software, ECO-EASY, the predecessor to IWR-Plan and IWR 

Planning Suite II. In 2002 IWR also published Lessons Learned from Cost Effectiveness and Incremental Cost 

Analyses (Brandreth and Skaggs 2002) to document how well the procedures were being applied to Corps 

ecosystem restoration planning efforts and lessons learned that might improve their application. 

The conversion of the approach to a Windows® operating system platform, and the addition of many new 

features, was carried out through the development of IWR-Plan, starting in July of 1996. As IWR-Plan became 

a standard tool for performing this type of analysis within USACE, a wealth of additional features were 

considered for incorporation within IWR-Plan. The underlying approaches identified by these explorations 

were kept in mind by the IWR Planning Suite II development and maintenance team for incorporation into the 

current design where appropriate. 

Beginning in November of 2003, a complete redesign to incorporate desired features and new technologies 

was initiated, culminating in the current IWR Planning Suite II. This newly redesigned IWR Planning Suite II 

encapsulates the following fundamental design concepts. One concept is to consider plan descriptions as 

discrete entities, as opposed to the concept of a plan alternative solely as a derived aspect of a set of solution 

combinations. The planning set editor and plan descriptions database represent this concept. Yet another 

fundamental modification of the tool structure is a move from a single application to a modular approach 

consisting of an integrated suite of component modules. Such modules include a plan editor, plan generator, 

reporting tools, and analysis modules. These concepts are further explained in Section 5 of this ¦ǎŜǊΩǎ Guide in 

ά{ƻŦǘǿŀre terms and tǊƻŎŜŘǳǊŜǎΦέ 
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Section 2 

Plan Formulation 
Let us assume that a planning investigation has been initiated concerning, for example, the degradation of a 

particular ŦƭƻƻŘǇƭŀƛƴΩǎ ecosystem. Various problems and potential opportunities have been characterized and 

identified during the initial stages of the investigation. The objectives of the investigation and the constraints 

that are imposed upon it have been derived from the characterized problems and opportunities. 

Further, during the inveǎǘƛƎŀǘƛƻƴΩǎ information gathering process, the historic, existing, and future conditions 

of the site have been evaluated. Through this process, the problems and opportunities have become more 

fully and accurately described, as have the costs of various alternatives, protected resources, and other items 

deemed relevant to the investigation. At a relatively early stage, it will be possible to formulate plans and 

perform analyses, which can then be fed back into another, more detailed iteration of the planning cycle. 

The specifics of the information needed to initially proceed with plan formulation and evaluation vary with 

each investigation, but will always include at least three kinds of data needed to formulate and evaluate plans. 

These types of information are: 

1. Solutions, 

2. The output of each solution, and 

3. The cost of each solution. 

This chapter provides an overview of solutions, outputs, and costs; and discusses how output and cost data 

can be manipulated to extract the types of information needed to support decision-making. 

WhatΩs a Solution? 
A solution is a way to achieve, in whole or in part, one or more planning objectives. Every solution will provide 

some level of output at some cost. Cost effectiveness and incremental cost analyses examine the different cost 

and output levels provided by different solutions. 

Solution is an umbrella term for three more familiar terms: management measure, alternative plan, and 

program. Throughout the remainder of this text, whenever we use the term άǎƻƭǳǘƛƻƴέ it implies that the 

discussion applies to measures, plans and programs. 

A management measure (or simply άƳŜŀǎǳǊŜέύ is either a feature or an activity, or some combination of the 

two that can be implemented at a specific geographic site to achieve desired effects. A feature is generally a 

άǎǘǊǳŎǘǳǊŀƭέ element that requires site construction; for example, a levee. On the other hand, an activity is 

generally a άƴoƴǎǘǊǳŎǘǳǊŀƭέ action; for example, vegetative planting. An activity might be a one-time 

occurrence, like planting; or it may be ongoing (continuing or periodic), such as harvesting aquatic vegetation. 

A site is a place on land or water (at, above or below the surface) in which there is a legal interest, through 

outright ownership or a right to use or act on it (flowage easement, grazing rights, etc.), for implementation of 

features or activities. Examples of management measures that may be used for restoration and mitigation are 

listed in Table 1. 
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Table 1. 

Examples of Environmental Management Measures 

aerators detention basins revetments 

algaecide application dredging rock piles 

bank overhangs fencing rock shoals 

bank stabilization fish ladders rootwads 

boulder deflectors fish screens rototilling 

breakwaters fish stocking sedimentation basins 

brush bundles gabion baskets stake beds 

brush mattresses gravel traps stormwater treatment areas 

brush piles harvesting substrate improvement 

bulkheads jetties tree layering 

chemical injection log deflectors water control structures 

chemical precipitation mowing water dilution 

concrete block piles new channels water pumps 

contouring planting weirs 

cribs reservoirs wing walls 

dams retention ponds wood reefs 

 

Management measures are the building blocks of alternative plans. An alternative plan (or simply άǇƭŀƴέύ is 

one or more management measures. A management measure may or may not be able to stand alone as a 

plan; it depends on the characteristics of the measure. Most alternative plans are made up of more than one 

measure. And, just as management measures can be combined to form plans, so too can plans be combined 

to form programs. As we use it in this manual, a program is a set of one or more plans (or άpǊƻƧŜŎǘǎέύΣ usually 

located over a large geographic area. Some of the Corps current environmental programs are listed in Table 2. 

Table 2. 

Examples of Current Corps Environmental Programs 

National Programs: 
Á Section 1135 Program - Project Modifications for Improvement of the Environment 
Á Coastal America Program 
Á North American Waterfowl Management Plan 

Regional Programs: 
Á Upper Mississippi River System Environmental Management Program 
Á Coastal Wetlands Planning, Protection, and Restoration Act Program (  Breaux Bill  ; currently 

implemented in coastal Louisiana) 
Á Comprehensive Everglades Restoration Plan (CERP) 
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Scales of Solutions 
Scales are different and mutually exclusive properties of a solution. Scales are most typically thought of as 

different άǎƛȊŜǎέΣ but they also apply to other dimensions. A management measure may be scaled by several 

different properties, such as: 

Á Physical properties, including different sizes, amounts, counts, etc. For example, size of a site (30 acres, 

40 acres, 50 acres, etc.); number of plantings per acre; percent canopy cover of vegetation; water 

depth; discharge capacity of a pump. 

Á Composition, including different materials and methods that would accomplish the same purpose. For 

example, a fence may be constructed as a chain-link fence, or a barbed-wire fence, or a wooden slat 

fence. For the purpose of developing alternative plans, the different materials may be thought of as 

different scales of a fence. 

Á Locations, including different sites for the same solution. 

Á Timing and duration, including different start and stop times, and durations for the same solution. For 

example, low flow releases could be scheduled to last 6, 8, or 12 hours. 

An alternative plan may be scaled in terms of the measures that make up the plan - which measures are 

included in the plan, and in what order would they be implemented? A program may be similarly scaled in 

terms of the alternative plans (or projects) that make up the program. 

Scales are mutually exclusive; for example, we must decide upon one channel depth. Therefore, a plan may 

contain only one scale of a given characteristic of a measure, and a program may contain only one scale of 

each component plan. 

Many of the variables used in habitat-based evaluation procedures (see below) can be used to define scales of 

management measures. For example, if άǇŜǊŎŜƴǘ herbaceous canopy ŎƻǾŜǊέ is a variable for a target species, 

and if planting herbaceous vegetation is being considered as a measure, then the measure could be sized in 

increments of the variable, such as: 30 percent herbaceous canopy cover, 40 percent herbaceous canopy 

cover, 50 percent herbaceous canopy cover, and so forth. 

How Many Scales? 
The number of possible solutionsςand consequently the number of output and cost estimatesς will rapidly 

increase as we consider increasing numbers of scales of measures. Therefore, the numbers of measures and 

their scales should be kept to a reasonable number to minimize study cost and time. There are no universal 

rules for determining the proper number of scales that should be considered in every caseςthe number that 

should be defined is a matter of judgment. In reaching that judgment, it is helpful to think about scales that 

are: 

Á Meaningful. For example, scales of a fenced-in area in increments of 0.01 of an acre, or in increments of 

10,000 acres, are probably not correctly sized and would result in too many or too few solutions for 

most analyses. Also, there is no reason, beyond ease of comparisons and symmetry, that increments 

must be identical in size. For example, a scale of 10, 25, 50 and 100 units may be used in the same 

analysis if it makes sense to do so. 
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Á Practical. Some solutions may be implementable over very few scales. Some measures may be άŜƛǘƘŜǊ-

ƻǊέ measures that are not possible, or reasonable, to size, and there is only one scale to consider. For 

example, although different sized areas may be considered, natural revegetation may be a single-scale 

measure (either it does or it ŘƻŜǎƴΩǘ naturally revegetate). Administrative actions, such as requiring a 

permit or a license, may also be single-scale measures (for example, either a license is required or it 

ƛǎƴΩǘύΦ Equipment is often available in only a single size or relatively few sizes (for example: water 

pumps with fixed pumping capacities). 

Minimum and maximum sizes could be a basis to bound a range of scales. For example, a bird may require a 

deciduous shrub cover between 1.0 foot and 3.0 feet in height. Planting schemes that would provide lesser or 

greater cover heights would not meet the requirement and need not be considered. Where a large number of 

scales is possible, the analyses could be initially limited to analyzing only the largest and smallest sizes (άƘƛgh-

ƭƻǿέ analysis), or high-middle- low sizes, to bound and scope the range of costs and outputs; subsequent 

iterations could then be conducted for the more promising scales. 

Á Revealing. The number of scales should be adequate to reveal significant changes in outputs and costs. A 

cost effectiveness curve or an incremental cost graph reflecting only two points is usually not revealing, 

and therefore not helpful, for decision making. 

Á Reasonable. The number of scales should strike a reasonable balance between the needs and 

constraints of the analysis and the burdens (cost, time, and understanding) imposed by large numbers 

of scales that are not sufficiently differentiated to make a difference in decision-making. In many cases, 

only a few will be reasonable. Additional scales should not be artificially created simply for the sake of 

analysis. 

The most important consideration in defining scales is that changes in scale should result in changes in output, 

or cost, or both. 

Interrelationships of Solutions: Combinability and Dependency 
The ability to make plans from measures, and programs from plans, is governed by two types   of 

relationships: combinability and dependency. In a typical Corps study, management measures may or may not 

be mutually exclusive, and it is the property of combinability that allows you to mix and match measures into 

different plans. Conversely, some measures may preclude others, and this will limit your ability to mix and 

match them. In thinking about combinability, you should consider whether two measures might be mutually 

exclusive because of: 

Á Location, where two different measures cannot occupy the same space at the same time. For example, 

at a particular stream site, you could create a calm slackwater area by either excavating the channel or 

by constructing a dam across the channel; you can do one or the other at the same site. 

Á Function, where two different measures may work against one another. For example, at Site A, it 

probably would not make sense to both build a retaining dike to hold water at the site and install drains 

to speed the removal of water from the site. 

  



Section 2 ¶  Plan Formulation 

 

  15 

Á άbŜǎǘŜŘέ measures, where one measure is actually a smaller scale or a subset of another measure. For 

example, you could not combine a 4-acre wetland with a 5-acre wetland to produce a 9-acre wetland if 

the two wetlands are not physically separate and any part of the 4 acres is physically includedςor 

άƴŜǎǘŜŘέςin the 5 acres. 

While measures may or may not be combinable, alternative plans are mutually exclusive within a single 

planning study, and decision makers must ultimately select one plan. Within a single study, selection of a plan 

will preclude the selection of any other plan. However, at the program level, alternative plans (or άǇǊƻƧŜŎǘǎέύ 

may or may not be mutually exclusive. Again, it is the property of combinability that, at the program level, 

allows us to develop different total programs based on different mixes of plans (or άǇǊƻƧŜŎǘǎέύΦ 

In addition to being combinable, many measures may be dependent on other measures in order to be 

implemented. Dependency relationships between two measures may exist for several reasons, including: 

Á Necessary to function. For example, the survival of willow tree plantings may be dependent upon an 

irrigation system; without irrigation the plantings will die. In this case, irrigation is necessary for the 

willows to function. 

Á Reduce risk or uncertainty. For example, we may wish to establish 50 willow trees per stream mile. 

However, because previous planting programs in the area have shown that about one- third of willow 

plants will not survive the first critical growing year, we elect to plant 75 trees per stream mile to 

account for the survival risk. The 50 trees per mile that we expect to survive are actually dependent on 

the additional 25 trees per mile that experience has shown are not likely to survive. 

Á Improve performance. For example, we may also elect to improve the growth rate of willow plantings by 

fertilizing them. The fertilizer is not necessary for the plants to function, nor will it reduce any risks or 

uncertainties of survival. However, it will improve the ǿƛƭƭƻǿǎΩ performance by producing more mature 

trees faster. 

Dependencies can occur in at least two different ways. Mutual dependency exists where two or more 

measures must be implemented in combination or not at all. For example, consider the following two 

measures: 

Á Management Measure [A] = Vegetative Planting; 

Á Management Measure [B] = Irrigation System. 

If [A] will not work without [B], then [A] cannot stand alone and cannot be a plan. Similarly, if [B] is only 

included because of the existence of [A], then [B] cannot stand alone as a plan. Here only the combination 

[A+B] is a viable plan. In cases where we have mutual dependency, it is best to group the two measures 

together and think of them as a single measure for the purposes of analysis. For example, in this case we could 

group management measures A and B together as a new measure C such that: 

Management Measure [C] = Planting & Irrigating 

A different type of dependency is where some measure(s) are dependent upon other measure(s) but the 

relationship is not reciprocal. We will refer to this type of dependency as path dependency. Understanding 

path dependency relationships can help to assure that time and resources are not wasted evaluating plans 
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that could not be implemented because they fail to meet a dependency path requirement. For example, 

consider a case where we have five management measures: A, B, C, D, and E. In this example, we must 

implement A before implementing B; if A and B are both present, we can then add C. Also, D must be present 

before we can add E. 

Recognizing dependency relationships among management measures can assist in screening  out plans that 

are not feasible because they fail to meet dependency requirements when using the άall combinations of 

management measures aǇǇǊƻŀŎƘέ to plan formulation. In our example, there are 32 possible combinations of 

the management measures A-E. However, many of these possible combinations are not functionally feasible 

because they violate the dependency requirements. Table 3 includes all combinations with shading over those 

plans that are not feasible because they do not meet dependency path requirements. Out of the initial 32 

possible plans, only 12 meet dependency path requirements and are functionally feasible. 

Situations may arise where we are faced with either...or dependencies. Either...or dependencies occur when a 

common measure may be added to more than one dependency path. For example, consider that on a 

common plot of land we have two measures: G ςto plant one type of vegetation and T ςto plant a second type 

of vegetation. Assume that we could plant either alone, or both in combination. If we were to add to either G 

or T (or both) planting measures a new measure: Fςto fertilize; we would then put the same measure in two 

dependency paths. 

Now, we can add measure F (fertilize) if either G or T is present. Similarly, F could be added if both G and T are 

present. In this case, we might only incur the cost of fertilizing once, but the effect of fertilizing on the planting 

may vary depending upon whether one or two types of planting are being affected. In such cases, the 

potential for improper estimates (either of cost, output, or both) is high. In situations where άŜƛǘƘŜǊΧƻǊ 

άŘŜǇŜƴŘŜƴŎƛŜǎ occur between management measures, it is important to check the validity of the cost and 

output estimates of all combinations that include those measures to assure that costs or benefits are not 

being double-counted. 

Where Do Solutions Come From? 
The process of building alternative plans from management measures (and programs from plans) is called plan 

formulation. Plan formulation occurs in three very general phases: identification of management measures, 

formulation of alternatives, and reformulation. In every study, these phases will overlap and be repeated (or 

άƛǘŜǊŀǘŜŘέύ again and again. For additional discussions about the plan formulation process, see the Planning 

Manual (IWR Report 96-R-21). 

¢ƘŜǊŜ ŀǊŜ Ƴŀƴȅ Ǉƭŀƴ ŦƻǊƳǳƭŀǘƛƻƴ ŀǇǇǊƻŀŎƘŜǎΣ ǎǳŎƘ ŀǎ άŀǎƪ ŀƴ ŜȄǇŜǊǘΣέ ŎƻƴǎƛŘŜǊƛƴƎ άǇƭŀƴǎ ƻŦ ƻǘƘŜǊǎΣέ ŀƴŘ 

using brainstorming, HEP models, and checklists (see the Planning Manual). While any of these approaches 

Ƴŀȅ ōŜ ǳǎŜŘ ǘƻ ŘŜǾŜƭƻǇ ǎƻƭǳǘƛƻƴǎΣ ŀ ŦƻǊƳǳƭŀǘƛƻƴ ŀǇǇǊƻŀŎƘ ƪƴƻǿƴ ŀǎ άall possible combinationsέ ƛǎ ŀ ǾƛŀōƭŜ 

approach frequently used during planning investigations. This approach begins with a list of individual 

management measures, defines combinability   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 from the measures under 

considerationςevery plan possible will have been formulated. Once this set of all possible plans as been 

identified, they can be evaluated using the cost effectiveness and incremental cost analyses procedures. 

 



Section 2 ¶  Plan Formulation 

 

  17 

Table 3. 
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 formulationςmanagement measures, alternative plans, and programsςmust be both 

άƻǳǘǇǳǘ-ŦǊƛŜƴŘƭȅέ όȅƻǳ Ŏŀƴ ŜǎǘƛƳŀǘŜ ǿƘŀǘ ƻǳǘŎƻƳŜǎ ƻǊ ƻǳǘǇǳǘǎ ȅƻǳ ƎŜǘ ŦǊƻƳ ƛǘύ ŀƴŘ άŎƻǎǘ-ŦǊƛŜƴŘƭȅέ όȅƻǳ Ŏŀƴ 

also estimate its costs). 

WhatΩs an Output? 
As we use it in this manual, the term output means an intended, beneficial, nonmonetary effect. Cost 

effectiveness and incremental cost analyses examine how output levels, and their respective costs, vary 

across different solutions. 

An output is the means by which we 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. 

In some cases, it may be important to look at more than one aspect of an objective, and, therefore, you may 

use multiple outputs for a single objective (for example, habitat quality and the presence of a keystone 

species). In addition, if your study is addressing more than one planning objective, then you may use a 

different type of output for each objective. Using multiple outputs will complicate, but not necessarily 

overwhelm, your analysis. See Chapter Five for a discussion about how you can handle the άŀǇǇƭŜǎ and 

orangŜǎέ problem of multiple outputs (called άŎƻƳƳeƴǎǳǊŀǘƛƻƴέύΦ 

Outputs are the intended results of implementing solutions. In this sense, they are the analytical equivalent of 

traditional economic άōŜƴŜŦƛǘǎΦέ Outputs, like traditional dollar benefits, are a special type of what many of us 

refer to as άenvironmental ƛƳǇŀŎǘǎΦέ The difference is that άƻǳǘǇǳǘǎέ are the desired and intended effects of 

solutions όǿŜΩǊŜ trying to create them), while άƛƳǇŀŎǘǎέ usually refer to the full range of effects, both 

undesirable and desirable, and unintended and intended. Note that, although our primary concern here is with 

environmental outputs, the full range of effects, including other environmental and social impacts, must be 

assessed for environmental restoration and mitigation solutions. For example, the impacts of a wetland 

restoration project on lost upland habitat, displaced upland wildlife, relocated structures and utilities, and 

other impacts should also be assessed. 

Although we have focused our discussions on fish and wildlife and ecosystem-related outputs, the procedures 

described in this manual can be applied to a wide range of other outputs. The basic questions posed in these 

procedures, culminating in the άIs it worth ƛǘΚέ analysis, are equally valid for problems related to water and air 

quality, hazardous and toxic wastes, aesthetic resources, cultural resources, and any other type of resource. 



Section 2  ¶  Plan Formulation 

 

18 

So long as the basic measurement requirements are met, any non-monetary output should be amenable to 

the essential analyses of these procedures. 

Measuring Outputs 
Every output is measured using a technique that measures changes in terms of a metric, or άƳŜŀǎǳǊŜment 

ǳƴƛǘέΦ There is no single, universal, all-purpose unit of environmental output, nor is there a single, universal, all-

purpose measurement technique. Traditional metrics for measuring environmental outputs have included: 

Á Physical dimensions, such as acres, miles, days, etc. 

Á Population counts of a species or guild (number of wading birds, for example). 

Á άHabitat unitsέ are a product of the άIabitat Evaluation tǊƻŎŜŘǳǊŜǎέ (U.S. Fish and Wildlife Service 

1980; also referred to as άI9tέύΣ as well as several other habitat-based evaluation methodologies 

similar to HEP. While the original HEP applications focused on single species, recent HEP-like procedures 

focus on communities and may measure άŎƻƳƳǳƴƛǘȅ ǳƴƛǘǎέ or similar metrics. 

Other less commonly used metrics include measurements of biodiversity, productivity and risk. Again, there is 

no one way to measure environmental outputs that will apply in all cases. Each study must determine the best 

way to measure outputs to meet its unique decision making needs. 

Current Corps guidance provides flexibility in the measurement of outputs, but states that outputs that 

measure ecosystem value and productivity are preferred. According to ER 1105-2- 100, paragraph 3-5, c (1): 

Ecosystem restoration outputs must be clearly identified and quantified in appropriate 

units. Although it is possible to evaluate various physical, chemical, and/or biological 

parameters that can be modified by management measures that would result in 

an increase in ecosystem quantity and quality in the project area, the use of units 

that measure an increase in άŜŎƻǎȅǎǘŜƳέ value and productivity are preferred. Some 

examples of possible metrics which may be used include habitat units, acres of increased 

spawning habitat for anadromous fish, stream miles restored to provide fish habitat, 

increases in numbers of breeding birds, increases in target species and diversity indices. 

Alternate measures of ecosystem value and productivity may be used upon approval by 

CECW-P. Monetary gains (e.g., incidental recreation or flood damage reduction) and 

losses (e.g., flood damage reduction or hydropower) associated with the project shall 

also be identified. 

Ideally, we should first define the output to be measured (based on a planning objective); then define the unit 

in which we will measure change in the output; and finally select the measurement technique that will provide 

values in terms of the selected unit. Selecting the technique first will, by definition, select the measurement 

unit, which may or may not be the best indicator for the output. Analysts should recognize linkages among 

outputs, units and techniques in developing measurement frameworks for their studies. Appendix C of Corps 

engineering circular 1105-2-210 (June 1, 1995) provides a good summary of current ecological measurement 

methods. 
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WhatΩs a Cost? 
Cost is a sacrifice that must be made in order to do or acquire something. Cost is frequently characterized as a 

monetary value for the purposes of planning investigations. The costs of environmental planning solutions 

have three components: implementation costs, opportunity costs, and incidental benefits. While all three 

components are discussed below, only implementation costs are to be included in the cost calculations for 

CE/ICA, per Corps policy. Opportunity costs and incidental benefits, if applicable, may be displayed in the 

comparison of alternative plans for trade-off analysis purposes, but are not to be included in CE/ICA 

procedures. 

Implementation costs are what economists might refer to as explicit costs; they are the out-of- pocket, cash 

outlays for producing environmental outputs. Examples of implementation costs include outlays for 

preconstruction engineering and design, real estate, construction, OMRR&R (operation, maintenance, repair, 

relocation and rehabilitation), and monitoring. Implementation costs include what are typically thought of as 

the cost estimate and the real estate appraisal. 

The level of detail appropriate for cost estimates and real estate appraisals will vary through different phases 

of planning. For the purposes of these analyses, a Corps M-CACES (Microcomputer-Aided Cost Estimating 

System) cost estimate, and a real estate appraisal, may not be needed, especially during early phases of 

planning. Professional judgment is needed in determining a level of detail that is appropriate for the phase of 

planning, project scale, and the level of detail in output measurements. Moreover, communication is required 

to inform staff from cost engineering and real estate about what types of decisions their estimates will support 

(for example, preliminary scoping of measures) so they can be comfortable with the appropriate level of 

detail. 

Opportunity costs of foregone benefits are what economists might refer to as implicit costs; they ŘƻƴΩǘ cost us 

money we already have in pocket, but rather they cost us the opportunity to have done something else. For 

example, restoration of a riparian corridor may require removal of a levee, which would reduce flood damage 

reduction benefits provided by the levee. In Federal water resources planning, opportunity costs typically refer 

to foregone National Economic Development (NED) benefits. The P&G specifies the following goods and 

services as NED benefits: 

Á Municipal and industrial water supply; 

Á Agricultural floodwater, erosion and sedimentation reduction; 

Á Agricultural drainage; 

Á Agricultural irrigation; 

Á Urban flood damage reduction; 

Á Hydropower; 

Á Inland navigation; 

Á Deep draft navigation; 

Á Recreation; 
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Á Commercial fishing; and 

Á Other categories of benefits. 

See ER 1105-2-100 for a discussion of procedures for estimating these NED benefits. Additional Corps guidance 

for estimating many of these benefits can be found in the Corps National Economic Development Procedures 

Manual Series (see references). 

Incidental benefits are monetary benefits that occur as unintended consequences of an environmental 

planning solution and incur no additional implementation costs. In some ways, they can be thought of as the 

opposite of opportunity costs. Incidental NED benefits are incidental benefits in the same eleven categories 

listed above. For example, restoration of a wetland, upstream from an urban center, may provide incidental 

flood damage reduction benefits to the urban area. 

Although incidental benefits are not costs to be included in cost effectiveness and incremental cost analyses, 

they may nonetheless represent pertinent information for decision-making. If a solution provides significant 

incidental benefits, these benefits should be displayed in the comparison of alternative plans. A particular 

estoration alteǊƴŀǘƛǾŜΩǎ incidental benefits may play an important role in plan selection. 

Total Cost 
Summing all implementation costs produces the total cost of a solution to be used as the cost element in 

CE/ICA procedures. The formula for this calculation is shown in Figure 3. 

 

 

 

Total Cost = Implementation Costs 

Figure 3 

Computing the Total Cost of a Plan Alternative 
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Section 3 

Plan Analysis  

Before You Start 
Cost effectiveness and incremental cost analyses are tools for comparing alternative solutions to planning 

problems. The analyses should not require any additional data than what would otherwise be generated in a 

typical planning study. They examine how costs vary at different levels of output. 

In cost effectiveness and incremental cost analyses, output values are added, subtracted, and divided. 

Therefore, ordinal units of measurement (1st, 2nd, 3rd...) cannot be used in these analyses. However, cardinal 

units of output measurement, such as population counts and habitat units, can be used. 

Since the analyses are tools for making comparisons across alternative solutions, it is important to convert all 

data to comparable values. Specifically, all costs must be discounted to reflect the time value of money; and if 

costs are converted to average annual equivalent costs, outputs should also be computed on an average 

annual basis. 

The remainder of this chapter will discuss calculations that are made in cost effectiveness and incremental 

cost analyses to extract information from the cost and output data. Perhaps the simplest such calculation is 

that of total cost. 

Average Cost 
Average cost is calculated by dividing total cost by total output. The formula for this computation is shown in 

Figure 4. Average cost is altogether different than the concept of average annual cost. The average cost for a 

particular level of output is the cost per unit of output for that level. If a solution provides 100 units of output 

at a total cost of $1000, the average cost is $10 per unit for that alternative. Average costs can facilitate the 

comparison of production efficiencies across alternatives by placing each alternative plan in a common metric: 

dollars per unit of output. For example, a solution, which produces output at $10 per unit, would be 

considered more efficient in production than a solution producing the same type of output at $20 per unit. 

 

  ὃὺὩὶὥὫὩ ὅέίὸ  
    

    
ὅέίὸ ὴὩὶ ὟὲὭὸ ὕόὸὴόὸ έὪ ὛέὰόὸὭέὲ ὃ 

Figure 4 

Computing Average Cost 
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WhatΩs an Increment? 
If ȅƻǳΩǾŜ been involved in planning studies, ȅƻǳΩǾŜ probably heard people talk about άƛƴŎrementsέΦ 

Unfortunately, like many other words in our business, the term increment has several different meanings, 

each of which are correct when used in the right context. 

Lƴ ƎŜƴŜǊŀƭΣ άƛƴŎǊŜƳŜƴǘέ ƛǎ ǳǎŜŘ ƛƴ ǘǿƻ ŘƛŦŦŜǊŜƴǘ ǿŀȅǎ ƛƴ /ƻǊǇǎ ǇƭŀƴƴƛƴƎΦ CƛǊǎǘΣ ŀƴŘ perhaps most commonly, 

increment is used in a design-sense to mean the size of a management measure or the composition or size of 

ŀƴ ŀƭǘŜǊƴŀǘƛǾŜ ǇƭŀƴΦ CƻǊ ŜȄŀƳǇƭŜΣ ŀ ƭŜǾŜŜΩǎ ƘŜƛƎƘǘ Ƴŀȅ ōŜ ǎƛȊŜŘ ƛƴ ƻƴŜ-foot increments (4-feet high, 5-feet 

high, 6-feet 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 structure plan; etc.); or different sizes of a 

particular measure included in a plan (a levee and 2,000-foot channel plan; a levee and 2,500-foot channel 

plan; a levee and 3,000-Ŧƻƻǘ ŎƘŀƴƴŜƭ ǇƭŀƴΤ ŜǘŎΦύΦ ! άƭŀǎǘ-ŀŘŘŜŘ ƛƴŎǊŜƳŜƴǘέ ƛǎ ǘƘŜ Ŧƛƴŀƭ ǎƛȊŜ ƻǊ ƳŜŀǎǳǊŜ 

ƛƴŎƭǳŘŜŘ ƛƴ ŀ ǇƭŀƴΦ Lƴ ǘƘƛǎ ƳŀƴǳŀƭΣ ǿŜ ǳǎŜ ǘƘŜ ǘŜǊƳ άǎŎŀƭŜέ ǘƻ ƳŜŀƴ ǘƘƛǎ ŘŜǎƛƎƴ-sense of increment. 

Incremental Cost and Incremental Output 
When we use the term increment or incremental in discussing incremental cost analysis, we are using the term 

in its economic-sense to mean a difference, or change, between two solutions. The types of changes we are 

interested in are differences in cost and differences in output between solutions; these differences are 

referred to as incremental cost and incremental output. 

Incremental Cost is the difference in total cost between two solutions, expressed in dollars. For example, if a 

40-acre pond costs $100,000, and a 50-acre pond costs $175,000, the increment of cost (or change in cost) 

between the two ponds is $75,000. This incremental cost information simply tells us that the 50-acre pond 

costs $75,000 more than the 40-acre pond. Figure 5 contains the formula for incremental cost. 

 

Incremental Output is the difference in output between two solutions, expressed in the ƻǳǘǇǳǘΩǎ unit of 

measurement. Continuing with the pond example, if the 40-acre pond would produce 20 habitat units, and the 

50-acre pond would produce 30 habitat units, the increment of output between the two ponds is 10 habitat 

units. In other words, the 50-acre pond provides 10 more habitat units than the 40-acre pond. Figure 6 

contains the formula for incremental output. 

 

ὍὲὧὶὩάὩὲὸὥὰ ὅέίὸ έὪ ὛέὰόὸὭέὲ ὄ Ὕέὸὥὰ ὅέίὸ έὪ ὛέὰόὸὭέὲ ὄ Ὕέὸὥὰ ὅέίὸ έὪ ὛέὰόὸὭέὲ ὃ 

Figure 5 

Computing Incremental Cost 

Incremental Output of Solution B = [Total Output of Solution B] ɀ [Total Output of Solution A] 

Figure 6 

Computing Incremental Output 
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Incremental Cost per Unit 
Incremental cost analysis is an examination of the changes in both cost and output across alternative 

solutions. We can make this two-dimensional variation more apparent, helping us to make comparisons across 

solutions, by combining the concepts of incremental cost and average cost to compute incremental cost per 

unit; one number that reflects both types of change. Figure 7 contains the formula for incremental cost per 

unit. 

 

Note: Figures 5, 6, and 7 refer to the incremental cost, incremental output, and incremental cost per unit, 

respectively, of Solution B. While saying these incremental values correspond to one solution simplifies the 

discussion, the incremental values in these formulas actually apply to the decision to implement Solution B 

over Solution A. 

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 changes. Returning again 

to the pond example, the incremental cost per unit of the 50- acre ponds is $7,500 per habitat unit, based on 

the following calculation: 

($175,000 cost of 50 acre pond - $100,000 cost of 40 acre pond) = $75,000 

 

= $7,500/HU 

 

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

 

This tells us that the 10 extra habitat units that the 50-acre 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 find that the 20 habitat 

units provided by the 40-acre 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. 

Now we have our cost ŀƴŘ ƻǳǘǇǳǘ Řŀǘŀ ƛƴ ŀ ŦƻǊƳŀǘ ǘƘŀǘ ŦŀŎƛƭƛǘŀǘŜǎ ŀƴǎǿŜǊƛƴƎ ǘƘŜ άƛǎ ƛǘ ǿƻǊǘƘ ƛǘΚέ ǉǳŜǎǘƛƻƴΦ 

Specifically, are 20-habitat units worth $5,000 each? If so, are 10 more worth $7,500 each? 

The concepts of incremental cost, incremental output and incremental cost per unit are not difficult; but may 

be new, especially to non-economists. And, because they are unfamiliar, they are sometimes confused with 

average cost. Both types of cost measurements - incremental and averageςplay a role in our analyses, but 

they are different and cannot be used interchangeably. 

ὍὲὧὶὩάὩὲὸὥὰ ὅέίὸ ὴὩὶ ὟὲὭὸ έὪ ὛέὰόὸὭέὲ ὄ  
    

    
 

Figure 7 

Computing Incremental Cost per Unit 
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Section 4 

Case Study  

Introduction 
In order to demonstrate how cost effectiveness and incremental cost analyses can be performed using IWR 

Planning Suite II software, the following case study is presented. Although the case study is based on an actual 

Corps ecosystem restoration feasibility study, the actual solutions, costs, and environmental outputs have 

been modified in this manual for illustration purposes. None of the cost and output figures used in this 

example represent real data from the feasibility study. 

Study Area Setting 
The City of Phoenix and the Corps are studying means of restoring degraded riparian and riverine ecosystems 

in a seven-mile segment of the Salt River floodplain in the Phoenix metropolitan area. The Salt River channel 

downstream and south of the city is dry during most of the year, but the river and surrounding floodplain are 

subject to infrequent flood flows resulting from periodic flash flood events. The primary objective of the 

potential ecosystem restoration project is to restore the degraded ecological resources of the Salt River and 

associated floodplain. Incidental recreation benefits are expected. A planning constraint is that the proposed 

restoration measures should not increase flood damages to nearby residences and farms; if possible, the 

measures should contribute to the reduction of flood damages. 

There are several manifestations of the degraded environment in this part of the Salt River floodplain. Riparian 

vegetation, including cottonwood-willow and mesquite vegetative covers, both native to the riparian zones of 

the study area, has been greatly reduced in aerial extent during the last 50 years. This is due primarily to the 

reduction of surface water flow volumes in the Salt River channel. Upstream water diversions and 

consumption are primarily responsible for the reduction in surface water flows in the study area. Reduced 

flow volumes have negatively impacted the availability of surface and groundwater to support the 

cottonwood- willow and mesquite vegetative cover types. As a result, approximately 1,000 acres of the 

previously mentioned cover types have been lost in the study area in the last 50 years. Both cottonwood-

willow and mesquite riparian woodlands provide valuable habitat for many native Sonoran Desert bird and 

mammal species, including the Yuma clapper rail (a state-listed sensitive species) and the cactus wren. The 

former and existing riparian corridors also provide important resting and feeding sites for several Neo-tropical 

migratory species of birds. 

Another sign of the degraded ecosystem is the virtual disappearance of riverine wetlands and open water 

areas within the study area. Again, due to reduced surface water flows, the open water sections of the 

channel have been reduced to a few seasonal pools (a loss of  approximately 600 acres), while approximately 

400 acres of former riverine and fringe wetlands in the floodplain have dried up. Much of the former river 

channel and riverine wetlands have been replaced by exposed rock, cobble, and sand. The loss of these 

ecosystems has resulted in the loss of habitat for such aquatic and wetland species as the snail darter, leopard 

frog, and blue heron. 

Yet another manifestation of the degraded ecological conditions in the study area is the rampant growth of an 

exotic tree species called salt cedar. Salt cedar, a salt- and drought-tolerant invasive species, has thrived in dry 

Salt River riverbed, out-competing, and in many areas, replacing native vegetation. The leaves of salt cedar 
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trees exude a noxious compound that, upon decomposition in the soil, increases the salinity of the soil, 

thereby inhibiting the growth of   other plant species. Stands of salt cedar therefore tend to be dense and 

monotypic, providing very low habitat values for native birds and mammals. In addition to their negative 

impacts on habitat quality, the density and roughness of salt cedar άŦƻǊŜǎǘǎέ in the Salt River riverbed also 

contribute to flooding problems during episodic flash flood events (the trees retard passage of flood flows and 

contribute to increased sediment deposition). An estimated 1,000 acres of salt cedar now cover the floodplain 

in the study area. 

An illustration of our sample study area is shown in Figure 8. (Note that this figure shows proposed solutions 

for the study area. A figure of the study area itself would not actually show proposed features, only existing 

conditions.) 

 

Figure 8 

Sample Study Area 
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Solutions 
In cooperation with the local sponsor, state resource agencies, other Federal agencies, and local stakeholders, 

the Corps District office developed several solutions (various management measures at various sites) to the 

problem of degraded riparian and riverine ecosystems in the Salt River floodplain. Since lack of surface water 

in the Salt River channel was considered fundamental to all associated environmental problems, finding a 

source of water was a critical prerequisite to all proposed solutions. Fortunately, an underutilized source of 

water was available and acceptable to all the concerned parties: outflow from a nearby municipal wastewater 

treatment plant. Effluent from the plant is treated with secondary treatment processes, meeting all state 

water quality and EPA discharge criteria. All the proposed ecosystem restoration solutions make use of the 

wastewater treatment plant outflow. The individual sites and management measures (explained below) can be 

employed individually or in combination with each other to contribute to ecosystem restoration. 

Solution 1: Diurnal Flow Regulation Wetlands 
Diurnal flow regulation wetlands would be created on the north bank of the Salt River and just west and 

downstream from the treatment plan outfall. They would be constructed at bank level above the 100-year 

floodplain. A pump would be required to move water from the wastewater treatment plant outflow discharge 

to the wetlands site. The wetlands would help to control and attenuate the diurnal pulses of water released 

from the plant, evening out the flows to more closely emulate a natural system. The wetlands would help to 

άǇƻƭƛǎƘέ the effluent, thereby further improving water quality, as well as creating valuable habitat for the 

Yuma clapper rail, blue heron, and other bird species. It was estimated that a minimum of 50 acres would be 

required to handle and regulate the flow from the treatment plant. Therefore, 50 acres was considered the 

minimum scale for this solution. However, land is available to accommodate larger areas of diurnal flow 

regulation wetlands; these could be built linearly and further west of the initial 50-acre site. Larger wetland 

acreages of 100 and 150 acres would therefore be considered (corresponding to scales 2 and 3) of this first 

solution. 

Solution 2: Overbank Wetlands 
Overbank wetlands would be created further west and downstream of the regulation wetlands and located, 

not in the Salt River channel itself, but at bank level. These wetlands would be supplied with water from the 

regulation wetlands. Their purpose is to provide similar habitat to what had historically existed for various 

aquatic, bird, amphibian, reptilian, and mammalian species. The overbank wetlands would also provide source 

water for downstream (and downhill or άŘƻǿƴōŀƴƪέύ cottonwood and willow riparian corridors. Various scales 

and configurations of overbank wetlands are possible, but their general shape would be roughly linear along 

the top of the river bank, between approximately 100 to 200 yards wide, and covering areas of 25 to 150 acres 

(25 acres corresponding to scale 1; 75 acres to scale 2; 100 acres to scale 3; and 150 acres to scale 4). Because 

the overbank wetlands (solution 2) are supplied water through the diurnal flow regulation wetlands (solution 

1), solution 2 is dependent on solution 1. 
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Solution 3: Remove Salt Cedars from River Channel 
This solution would entail removing all 1,000 acres of invasive salt cedar trees from the Salt River riverbed and 

the area between the overbank wetlands and the riverbed. The trees would be bulldozed, uprooted, and 

removed. Removing invasive salt cedar is a prerequisite to enabling native plant species to re-vegetate the 

area and would also improve the ŎƘŀƴƴŜƭΩǎ capability to handle and pass flood flows. It was determined that 

removing all 1,000 acres would be required to effect any significant improvement in the local ecosystem. 

Complete removal would prevent the rapid re-population of salt cedar stands, which is able to out-compete 

native species due to its tolerance for high salt concentrations in the soil. Therefore only 1 scale would be 

considered for this solution. This solution is required before any of the other solutions involving re-vegetation 

of native species can be considered (i.e., solutions 4, 5, and 6 are dependent on solution 3.) No specific 

outputs are associated with the removal of salt cedar per se. Rather, this solution is a pre-requisite to the 

implementation of solutions 4-6 and the associated riparian, open water, and wetland habitats they would 

provide. 

Solution 4: Cottonwood-Willow Riparian Corridors 
These 500- to 1,000-yard long corridors of planted cottonwood and willow trees would extend southwesterly 

from outflow points along the overbank wetlands, extending down the river bank toward the river channel 

itself. Water from the wetlands would feed excavated, shallow ditches, descending in elevation toward the 

river, with the banks along both sides of the ditches planted with cottonwood and willow trees and native 

bushes. Surface water and groundwater flow through the trench corridors would provide the required 

quantity of soil moisture to support tree growth. The cottonwood-willow riparian vegetative cover provides 

very high habitat values to a variety of bird and mammalian species. Enough water discharging from the 

overbank wetlands would be available to support up to six riparian corridors of approximately 50- to 100-yard 

widths and 500- to 1,000-yard lengths. These riparian corridors would correspond to scales 1 ς 6 for this 

solution category (scale 1 = construct 1 riparian corridor, scale 2 = construct 2 riparian corridors, scale 3 = 

construct 3 riparian corridors, and so on). Because the cottonwood willow corridors (solution 4) are 

dependent on water flows from the overbank wetlands (solution 2), solution 4 is dependent on solution 2. 

Likewise, the establishment of cottonwoods and willows is dependent on the removal of salt cedar, so 

solution 4 is also dependent on solution 3. 

Solution 5: Create Open Water Areas in River Channel 
This solution would consist of excavating and grading depressions or pits in the riverbed that would serve as 

deep water pools and open water areas to capture water from flood flows and some of the wastewater 

treatment plant outflow. The open water areas would provide habitat for various aquatic species, as well as 

provide food and water sources for various bird and terrestrial species. Various sizes and configurations of 

open water areas could be constructed. Four scales would be considered: 100, 200, 300, and 400 acres. Before 

this solution can be implemented, the existing stands of salt cedar must be removed, so solution 5 is 

dependent on solution 3. Creation of open water areas will also inhibit the re-establishment of salt cedar in 

the area. 
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Solution 6: Create Riverine and Fringe Wetlands within River Channel  
This solution would entail excavation and grading of sand and cobble areas to appropriate elevations within 

the river channel adjacent to open water areas and along the edge of the river channel to create riverine and 

fringe wetland areas. Water would be supplied from nearby open water areas and residual flow from riparian 

corridors. Wetland plants would be planted. These wetland areas would provide habitat for various aquatic, 

bird, amphibian, reptilian, and mammalian species. One to 5 wetland areas of 120 acres each would 

correspond to scales of 120, 240, 360, 480, and 600 acres. Before this solution can be implemented, the 

existing stands of salt cedar must be removed, so solution 6 is dependent on solution 3. Creation of wetlands 

within the river channel area will also inhibit the re-establishment of salt cedar. 

Costs and Outputs 
The important variables that must be considered in any cost effectiveness and incremental cost analyses 

(CE/ICA) are the costs and outputs of the proposed solutions. In this study, the implementation and operation 

and maintenance costs in dollars of each proposed solution and scale were calculated by cost estimators and 

converted to an average annual equivalent amount by economists (presented in $1000 in Table 4 below). 

Table 4. 

Costs of Solutions And Scales 

Solution 
Number 

 
Solution Description 

 
Scale Number 

 
Scale (Acres) 

 
Costs ($1,000) 

1 Flow Regulation Wetlands 2 100 783 

1 Flow Regulation Wetlands 3 150 849 

2 Overbank Wetlands 1 25 415 

2 Overbank Wetlands 2 75 620 

2 Overbank Wetlands 3 100 815 

2 Overbank Wetlands 4 150 1,010 

3 Remove Salt Cedar 1 1,000 3,480 

4 Riparian Corridors 1 15 144 

4 Riparian Corridors 2 27 251 

4 Riparian Corridors 3 47 370 

4 Riparian Corridors 4 75 489 

4 Riparian Corridors 5 101 560 

4 Riparian Corridors 6 125 664 

5 Open Water 1 100 2,150 

5 Open Water 2 200 3,780 

5 Open Water 3 300 5,777 

5 Open Water 4 400 7,220 

6 In-channel Wetlands 1 120 1,667 

6 In-channel Wetlands 2 240 3,156 

6 In-channel Wetlands 3 360 4,200 

6 In-channel Wetlands 4 480 5,913 

6 In-channel Wetlands 5 600 6,656 

Note: Costs are expressed on an average annual equivalent basis. 

In this study, the outputs of the proposed solutions are the changes in ecosystem values derived from the 

habitats produced by each solution. Some of the solutions use treated wastewater as a water source to 

produce wetlands and riparian habitats. Other solutions yield open water and wetlands habitats in the river 

channel, while another involves removal of a low-quality habitat associated with monotypic stands of an 

exotic species, which allows it to be replaced with higher-value native species. These wetlands, riparian, and 
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open water areas provide habitat for a variety of aquatic, wetland, terrestrial, and bird species. Rather than 

attempting to measure ecosystem outputs on a species-by-species basis, the interdisciplinary study team in 

this case decided to quantify outputs in terms of the acres and quality of those acres for each cover type or 

habitat produced by each solution. The output categories were therefore defined as wetland habitat, 

cottonwood-willow riparian habitat, and open water habitat. The quality of these habitat types was estimated 

by the biologists on the study team using available ecological models and best professional judgment.  Quality 

Index values of 0.0 to 1.0, similar to Habitat Suitability Index (HSI) values, were estimated for each parcel of 

cover type to describe its overall quality for a variety of ǎǇŜŎƛŜǎΩ habitats under without project and with 

project conditions. Table 5 displays the acreage of various cover types produced by each of the solutions and 

scales, as well as the difference in Quality Index values between without project and with project conditions 

(i.e., the Quality Index value shown is the improvement or άƭƛŦǘέ in habitat quality effected by implementation 

of a given solution). These quality index values   were then multiplied by the acreage of each cover type 

restored or created to provide a quantity and quality measurement of the ecological output of each solution 

and scale (see Table 6 below). These άƴŜǘέ outputs are the output quantities to use for CE/ICA. The outputs 

displayed were calculated on an average annual basis over the 50-year project life. 

The cost information from Table 4 and the output information from Table 6 for the various solutions and 

scales will be used in the IWR Planning Suite II software example in the following sections. 

Table 5. 

Outputs (Acres And Quality Index Values) Of Solutions And Scales 
Solution 
Number 

 
Solution Description 

 
Scale 

Number 

 
Scale (Ac) 

 
Wetlands 

C-W  
Riparian 

Open  
Water 

 Ac QI Ac QI Ac QI 

1 Flow regulation wetlands 1 50 50 0.8     

1 Flow regulation wetlands 2 100 100 0.8     

1 Flow regulation wetlands 3 150 150 0.8     

2 Overbank Wetlands 1 25 25 0.85     

2 Overbank Wetlands 2 75 75 0.85     

2 Overbank Wetlands 3 100 100 0.85     

2 Overbank Wetlands 4 150 150 0.85     

3 Remove Salt Cedar 1 1,000 1,000 0     

4 Riparian Corridors 1 15   15 1.00   

4 Riparian Corridors 2 27   27 1.00   

4 Riparian Corridors 3 47   47 1.00   

4 Riparian Corridors 4 75   75 1.00   

4 Riparian Corridors 5 101   101 1.00   

4 Riparian Corridors 6 125   125 1.00   

5 Open Water 1 100     100 0.65 

5 Open Water 2 200     200 0.65 

5 Open Water 3 300     300 0.65 

5 Open Water 4 400     400 0.65 

6 In-Channel Wetlands 1 120 120 0.90     

6 In-Channel Wetlands 2 240 240 0.90     

6 In-Channel Wetlands 3 360 360 0.90     

6 In-Channel Wetlands 4 480 480 0.90     

6 In-Channel Wetlands 5 600 600 0.90     

Note: Ac ς Acres; QI ς Quality Index. Quality Index values shown are the difference (improvement) in QI between with project 
and without project conditions. 
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Table 6. 

Composite Outputs (Acres X Quality Index Values) 

Solution Number Solution Description Scale Number Output 

1 Flow Regulation Wetlands 1 40 

1 Flow Regulation Wetlands 2 80 

1 Flow Regulation Wetlands 3 120 

2 Overbank Wetlands 1 21.25 

2 Overbank Wetlands 2 63.75 

2 Overbank Wetlands 3 85 

2 Overbank Wetlands 4 127.5 

3 Remove Salt Cedar 1 0 

4 Riparian Corridors 1 15 

4 Riparian Corridors 2 27 

4 Riparian Corridors 3 47 

4 Riparian Corridors 4 75 

4 Riparian Corridors 5 101 

4 Riparian Corridors 6 125 

5 Open Water 1 65 

5 Open Water 2 130 

5 Open Water 3 195 

5 Open Water 4 260 

6 In-Channel Wetlands 1 108 

6 In-Channel Wetlands 2 216 

6 In-Channel Wetlands 3 324 

6 In-Channel Wetlands 4 432 

6 In-Channel Wetlands 5 540 
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Section 5 

Software Terms and Procedures 
The following sections describe terminology and procedures for using the IWR Planning Suite II software. 

Software Terminology 
IWR Planning Suite II uses terms that have specific meanings within the context of the application to refer to 

various aspects of the planning process, and to refer to different entities associated with the planning 

investigation. Commonly used terms you will need to know in order to easily work through the example 

follow. These include such concepts as: 

Á Plan Alternatives 

Á Planning Sets 

Á Plan Studies 

Á Variables and Attributes 

Á Application Suite 

Á Plan Editor 

Á Plan Generator 

There is also a glossary at the end of this guide which may be used as a quick reference for many common 

terms. 

Plan Alternative 
A Plan Alternative, which may just be referred to as a άǇƭŀƴέ or an άŀƭǘŜrnative,έ is a set of one or more 

solutions (activities) of particular scales. Plan alternatives are created to address planning objectives. Each 

plan has a cost and one or more resulting outputs. Within IWR Planning Suite II, a plan consists of a plan name, 

a set of variables, and a set of attributes. 

Plan alternatives are discrete entities, and need not necessarily be derived from a fixed set of solution and 

scale combinations. With such a configuration, the planner gains a great deal of leverage in the ability to 

define their own plan alternatives and scenario sets and to edit, combine or remove plans from both planning 

sets produced by the Plan Generator Module, and those that they enter themselves. 

The same plan alternative can be a member of and shared by more than one planning set in a plan study 

simultaneously. This capability gives planners complete control over the planning sets used for analysis and 

removes any restrictions that would be imposed by a planning set generator that is tied directly to a plan 

scenario analysis. Prior to analysis, the plan alternatives can be described in exactly the format and subset 

most appropriate for the analysis that is to be undertaken. 
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Planning Set 
A planning set or άǇƭŀƴ ǎŜǘέ is a grouping of individual plan alternatives. There are different kinds of planning 

sets in IWR Planning Suite II, all having their own special use and purpose. There are generated planning sets, 

user-defined planning sets, constrained planning sets, and analysis planning sets. A description of each 

follows. The user may think of planning sets as similar to the term άǎŎŜƴŀǊƛƻέ as used under the IWR-PLAN 

version 3.33 nomenclature. 

Generated Planning Set: A set of plan alternatives created with a plan generator from solutions (management 

measures) and scales. 

User-Defined Planning Set: A set of plan alternatives entered by a user through the Plan Editor. Planners gain 

a great deal of leverage in the ability to define their own plan alternatives and scenario sets and to edit, 

combine or remove plans from both planning sets produced by IWR Planning Suite IIΩǎ plan generation 

capabilities and those produced by other means. 

Constrained Planning Set: A set of plan alternatives created by applying limiting criteria to an existing planning 

set. Constraints may be defined within the plan editor to filter the planning set to only those plan alternatives 

that meet a set of predefined criteria. The criteria are minimum and maximum acceptable values for a 

particular variable. Derived variables (explained below) are not available for use by a constraint group. To 

define a constrained planning set, the planning set name is entered, along with one or more variables to 

constrain it by a minimum and maximum acceptable value for each variable. The application of a constraint to 

a planning set will generate a new planning set containing only the plan alternatives that meet the 

constraining criteria. 

Uncertainty Planning Set: A set of plan alternatives created by a completion of a Monte Carlo Simulation 

where variable values are determined 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 produce a final set of values for each plan in the planning set. 

Watershed Planning Set: A 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 for each site 

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. 

Analysis Planning Set: A set of plan alternatives created by performing an analysis on an existing planning set. 

Active Planning Set: The planning set that is currently selected and visible in the Plan Editor. The active 

planning set is the one that component modules act upon. The user can easily change the active planning set 

to another planning set at any time, allowing a variety of planning sets to be operated on simultaneously. 

Plan Study 
A άtƭŀƴ {ǘǳŘȅέ or άtƭanning {ǘǳŘȅέ refers to a single database or data file in IWR Planning Suite II. It is a related 

group of planning sets derived from a common set of plan alternatives. It contains all of the plan alternatives 

and analysis results used to evaluate candidate plans for a specific planning task. In some cases, it may be 

considered to represent the plan formulation and analysis portion of the planning investigation. In other cases 

it may represent one portion or one iteration of these parts of a particular planning investigation. 
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Plan Alternative Variable 
A Plan Alternative Variable is a category used for comparative purposes in analyses. A άǾŀǊƛŀōƭŜέ describes 

some characteristic of the alternatives, or management measures comprising those alternatives, in a planning 

study. Some examples of variables are cost, output, habitat units, and other effects.  Variables are the 

constituent components of άŘŜǊƛǾŜŘ ǾŀǊƛŀōƭŜǎΦέ A Derived Variable is a variable, the value of which has been 

derived via a user- defined mathematical formula from the values of other variables in the plan alternative.  

Derived variables are described by formulae applied to component variables. Mathematical functions such as 

the additive, multiplicative, or exponential functions may be applied to these component variables, along with 

many other standard mathematical operations. They are thus added to the planning study and described in 

terms of a variable name, description, measurement units, and a calculation formula. 

Plan Alternative Attributes 
The plan alternative representation is enhanced by the ability to internally associate data items other than 

solutions, scales, costs and outputs with plan alternatives. This new kind of plan alternative association is 

called a plan άŀtǘǊƛōǳǘŜΦέ 

An Attribute is a value or hierarchical structure of values associated with a plan alternative. It is distinguished 

from a variable in that it identifies a characteristic of the entire plan alternative, rather than being an intrinsic 

part of the plan alternative. An attribute is connected to a plan alternative associated with a particular 

planning set. In other words, two attributes of the same name connected to the same plan alternative may 

have two different values in two different planning sets. 

In IWR Planning Suite II, an attribute is a named label with a textual or numeric value associated with it. Some 

examples of attributes are Cost Effective, Plan of Interest, and Rank. 

Attributes applicable to the analysis may be defined, such as a plan of interest attribute, to be used by 

reporting and visualization modules. Then, once the rows of the planning set are created, individual plans of 

interest may be chosen. To do so, the plan of interest attribute of the row is marked in the planning set editor. 

At this time, if the planning set was generated by the Plan Generator Module, a more appropriate name for 

the plan (say, for example, than A1B0C4D2), may be entered and associated with a specific plan alternative. 

For example, for a proposed Civil Works project, there may exist a locally preferred plan, which is a plan that is 

preferred by a non-Federal sponsor of a Civil Works project. In such a case, it would be desirable during 

analysis to take particular note of this plan and its relationship to various plan alternatives during analysis. This 

would be a case where designating the locally preferred plan as a plan of interest would be useful. 

Distinguishing Between a Variable and an Attribute 
Here are some useful tips to help you to remember what a variable is used for as opposed to the use of an 

attribute. As previously stated, a variable is an intrinsic characteristic of a plan alternative, while an attr ibute 

identifies a characteristic that may change for a given alternative between different planning sets. 

The result of this distinction is that variable values are the same for a particular plan alternative in any 

planning set in a plan study. For example, in the planning study άay Plan {ǘǳŘȅέΣ in all planning sets that use 

άtƭŀƴ !έΣ the ά/ƻǎǘέ variable of Plan A will have the same value. 
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However, attribute values may be different for a particular plan alternative in any planning set in a plan study. 

For example, Plan !Ωǎ ά/ƻǎǘ EfŦŜŎǘƛǾŜέ attribute may be ά¸Ŝǎέ in one planning set, and άboέ in another, 

because different analysis parameters may have been used to generate the two planning sets. 

Plan Generator 
The Plan Generator is a wholly separate module which runs fully integrated within the IWR Planning Suite II 

Editor. It uses the previously described Solutions and Scales approach to plan generation to generate planning 

sets which may then be subjected to analysis. 

Application Suite 
IWR Planning Suite II is an application suite of software components. It is composed of the base Plan Editor 

component, to which other components can be readily added or removed. The modular άǇƭug-and-Ǉƭŀȅέ 

ability to add or remove new components without re-installing IWR Planning Suite II lends itself to a more 

flexible architecture where you can pick and choose the modules that suit your needs. Current modules 

include a Plan Editor Component, which includes CE/ICA analysis and reporting, and a Plan Generator 

Component. An Uncertainty Planning Set Generation and Multi Criteria Decision Analysis (MCDA) modules were 

developed along with related reporting and graphing capabilities for each component. Also 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 locations. New modules are 

easy to add to IWR Planning Suite II as needed.  

Software Procedures 
Opening the Application 
You will be working within the IWR Planning Suite II throughout the example scenario. Each Planning Study 

contains planning sets, and all IWR Planning Suite II functions are performed within Planning Studies. To open 

the application, click on the Windows Start button to open up the Start Menu and then select All Programs. A 

list of programs and folders will now appear.  
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Figure 9 

Start Menu 

 

The user should scroll until they locate the USACE folder. Within that folder users will find IWR Planning Suite 

II.  

 

 

Figure 10 

Launching the Application 

 

The user should select this option to launch the application. 

The IWR Planning Suite II Application will now open with a default view as shown below. 
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Figure 11 

IWR Planning Suite II Application 

 

Creating a New Plan Study 
To follow along with the case study described in the previous chapter, simply create a new planning study 

following the procedures below. To create a new planning study, select the application button  

( ) and select New.  

 

 

Figure 12 

Launching Create New Planning Study 

 

After making this selection the New Planning Study form will open. A default 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 easily identify the planning study at a later date.  

The user should provide a name for the planning study by replacing the text in the Study Name field as shown 

in the figure below.  The name used in this example is ά{ŀƭǘ wƛǾŜǊΦέ 
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Figure 13 

New Planning Study 

As the user types in the name of the planning study, the associated database name shown in the Database 

Name field is also updated. Any spaces or special characters are not included in the database name.  

Once the user clicks the ΨhǇŜƴΩ ōǳǘǘƻƴ the planning study is created and a folder with the same name as the 

database is created within the directory identified under Current Project Directory. 

Alternatively, if the user would like to save the planning study to another location they should click the 

Ψ/ƘƻƻǎŜ tǊƻƧŜŎǘ 5ƛǊŜŎǘƻǊȅΧΩ ōǳǘǘƻƴ. This will bring up a Browse for Folder dialog to allow the user to navigate 

to and select the directory in which they would like to save the planning study. 

 

Figure 14 

Browse for Folder 

Once the directory is chosen and the user clicks the ΨhYΩ ōǳǘǘƻƴ they will return to the New Planning Study 

form. Note the Current Project Directory will update based on the location selected. The user can now click 

the ΨhǇŜƴΩ ōǳǘǘƻƴ to create the planning study. 

At this point the user will receive a dialog verifying that the planning study was successfully created. The user 

should then click ΨOKΩ to continue. 
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Figure 15 

Planning Study Created Confirmation 

 

General Application Use 
Now that a planning study has been created the user has access to utilize most of the planning 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 into five main areas: ribbons, planning sets, planning set properties, plan 

editor and a status bar as shown below. 

 

Figure 16 

Application Areas 
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Ribbons 
The application button and ribbons are a set of toolbars placed on several tabs that are filled with graphical 

buttons and other graphical control elements that allow the user to access controls that are grouped by 

functionality.  For more information on ribbons please see the section on Application Extras. 

Planning Sets 

The Planning Sets area organizes the planning sets that are part of this planning study by type: User-Entered 

Sets, Generated Sets, Uncertainty Sets and Watershed Sets. If 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 

available planning sets of this type. 

 
The user can click  to collapse the area. 

Clicking on a planning set highlights the planning set and displays the data for the plan alternatives in the Plan 

Editor to the right. 

 

Figure 18 

Displaying Planning Set Details 

 
The user also has right click capabilities for each planning set. When the user right clicks on a planning set 

ǘƘŜȅ ǿƛƭƭ ōŜ ǇǊŜǎŜƴǘŜŘ ǿƛǘƘ ŀ ƳŜƴǳ ƻŦ ƻǇǘƛƻƴǎΦ ¢ƘŜ ƻǇǘƛƻƴǎ ŀǾŀƛƭŀōƭŜ ǘƻ ǘƘŜ ǳǎŜǊ ŀǊŜΥ hǇŜƴκ5ƛǎǇƭŀȅΧΣ /9κL/!Σ 

Constraints, Export to Excel, Rename and Delete. 

 

Figure 19 

Open a Planning Set  

Figure 17 

Planning Set Editor Organization 
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Openκ5ƛǎǇƭŀȅΧ 

Selecting this option displays the selected planning sets data in the plan editor. 

CE/ICA 

Selecting this option launches the Perform CE/ICA Analysis form that allows the user to complete a CE/ICA 

Analysis on the selected set. 

Constraints 

Selecting this option launches the Constrain Active Planning Set form that allows the user to constrain 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 a form to define a file name and select a location to save the file. 

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 click the ΨOKΩ button. 

Once the user clicks the ΨOKΩ button the user will receive a confirmation that the planning set was 

successfully renamed. Clicking ΨOKΩ on this confirmation updates the planning set name in both the Planning 

Sets, Planning Set Properties and Status Bar. 

Delete 

Selecting this option allows the user 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 

ǇŜǊƳŀƴŜƴǘ ŀŎǘƛƻƴ ŀƴŘ ŎŀƴΩǘ ōŜ ǳƴŘƻƴŜΦ 

Planning Set Properties 

Planning set properties identify the name, description, HUC (Hydrologic Unit Code), plan count, parent set 

(when applicable) and an option for enabling and disabling the geographic fields. This information can be 

updated by the user and saved using the Ψ{ŀǾŜ /ƘŀƴƎŜǎΩ ōǳǘǘƻƴ available in the Plan Editor. If the user wishes 

to identify a HUC for a planning set and then apply that HUC to all plan alternatives within the planning set 

the user can click the Ψ!ǇǇƭȅΩ ōǳǘǘƻƴ next to the HUC field. Likewise, the user can uncheck the box for Show 

plan-specific geographic information and all geographic fields will be removed from view in the Plan Editor. 

The geographic fields include the fields for latitude, longitude, HUC and location description. 

Plan Editor 
The Plan Editor displays the plans and the associated information related to each plan alternative for the 

planning set selected in the Planning Sets pane. The user can double click on a field to edit its value. The user 

can then use the tab or arrow keys to stay in edit mode and move to other fields and change their values. 

Note this is how all grids available on forms function within this application. 
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Once all changes are complete the user should click the Ψ{ŀǾŜ /ƘŀƴƎŜǎΩ ōǳǘǘƻƴ available in the bottom right 

corner of the Plan Editor to save their changes in both the Plan Editor and the Planning Set Properties 

window. Discard All Changes will discard all changes made in the Plan Editor or Planning Set Properties since 

the last save. Notice that deǊƛǾŜŘ ǾŀǊƛŀōƭŜ ǾŀƭǳŜǎ ŎŀƴΩǘ ōŜ ŜŘƛǘŜŘ ōȅ ǘƘŜ ǳǎŜǊ but are viewable in the editor. 

Since derived variable values are determined based on the formula provided in the Planning Study Properties 

form the user would need to modify the formula as necessary there and then 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 

can modify the visibility settings in the Planning Study Properties form ŀŎŎŜǎǎƛōƭŜ ōȅ ŎƭƛŎƪƛƴƎ ǘƘŜ ΨtǊƻǇŜǊǘƛŜǎ ϧ 

!ǘǘǊƛōǳǘŜǎΩ ōǳǘǘƻƴ ƻƴ ǘƘŜ IƻƳŜ Ǌƛōōƻƴ. 

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

replace values in the Plan Editor with values from a spreadsheet.  These same steps can be followed to 

complete copying and pasting into other forms as well. 

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

use the key combination Ctrl+C to copy this information. The user can then click in a spreadsheet and use the 

key combination Ctrl+V to paste the copied information into the spreadsheet. Using these shortcut keys, it is 

possible to select an entire range of values (a grid of values) to copy or cut from the active planning set, and 

you may also paste an entire range of values from another source into the active planning set. 

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

TotalOutput 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. 

 

Figure 20 

Planning 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 down. Grids on other forms 

can also be sorted in this way. 

 

 

Figure 21 

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 time.  When a filter icon is clicked a multi-select panel appears where users can select one 

or more values from the list. 

 

 

Figure 22 

Filtering 

 
¢ƘŜ ǘŜȄǘ ǎŜŀǊŎƘ ōƻȄ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƛǘŜƳǎ ƛƴ ǘƘŜ ŎƘŜŎƪōƻȄ ƭƛǎǘΦ  {ƻ ǘȅǇƛƴƎ ΨŀмΩ ǿƻǳƭŘ 

redǳŎŜ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƛǘŜƳǎ ƛƴ ǘƘŜ ƭƛǎǘ ǘƻ ƻƴƭȅ ǘƘƻǎŜ ōŜƎƛƴƴƛƴƎ ǿƛǘƘ Ψ!мΩ ŀƴŘ ŎƭƛŎƪƛƴƎ ΨhYΩ ǿƻǳƭŘ ŀǇǇƭȅ ǘƘŜ 

filter. 
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Figure 23 

Filtering By Specific Value 

 
Users can tell what rows have an actively applied filter by looking at the filter icon.  Filtered rows have a 

darker icon.  To cancel a filter, users can click on the icon to bring up the filter panel and click on the Clear 

CƛƭǘŜǊ ŦǊƻƳ άfieldέ option at the top. 

 

 

Figure 24 

Clearing Filters 

 
Text searches ǎǘƛƭƭ ŀǎǎǳƳŜ ǘƘŜ ŘŜŦŀǳƭǘ ŎƻƳǇŀǊƛǎƻƴ ǘȅǇŜ ƻŦ Ψ{ǘŀǊǘǎ ǿƛǘƘΦΩ  If users would like to change the type 

ƻŦ ŎƻƳǇŀǊƛǎƻƴ ǳǎŜŘ όƛΦŜΦ Ψ9ƴŘǎ ǿƛǘƘΩύ ǘƘŜȅ ŎƻǳƭŘ Řƻ ǎƻ ōȅ ŜȄǇŀƴŘƛƴƎ ǘƘŜ Ψ¢ŜȄǘ CƛƭǘŜǊǎΩ ǎŜƭŜŎǘƛƻƴΦ 
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Figure 25 

Text Filtering Options 

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

 

 

Figure 26 

Filtering Operands 

 
¢ȅǇƛƴƎ ΨōмΩ ƛƴǘƻ ǘƘŜ ΨhǇŜǊŀƴŘΩ ŦƛŜƭŘ ŀƴŘ ŎƭƛŎƪƛƴƎ ǘƘŜ ΨhYΩ ōǳǘǘƻƴ ǿƛƭƭ ŦƛƭǘŜǊ ǘƘŜ ǊŜǎǳƭts to be all plan alternatives 

ŜƴŘƛƴƎ ǿƛǘƘ Ψ.м.Ω 

 

Figure 27 

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 user with information. The left portion of the status bar identifies which planning 

study the user is currently reviewing and which planning set is selected, if any, in brackets following the 

planning study name. The right hand portion of the status bar identifies the version of the IWR Planning Suite 

II application the user is using and the current date. 

Working with Planning Sets 
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 

assigning and applying distribution and correlation values to those plans where a Monte-Carlo 

Simulation is then 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 defining locations, plans, solutions, and location dependencies for the 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 the method by which the set was created or 

generated. For each plan alternative a plan name, plan description, latitude, longitude, HUC, location 

description and user defined variables and attributes are displayed.  

 

Figure 28 

Planning Set Editor Fields 

 
Plan Name: For user-defined planning sets the plan name is a user entered value and can be composed of 

alphanumeric characters. The user can define a plan name that includes a name of up to 255 characters. For 

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 Description: The user can define a description of up to 500 characters for each plan. That value can be 

composed of any characters to include letters, numbers, spaces and special characters. 

Latitude and Longitude: The latitude and longitude are to be entered in decimal degrees and up to 3 digits 

after the decimal value are allowed. The values for latitude are between -90 and 90 while the values for 

longitude range from -180 to 180.  



Section 5  ¶  Software Terms and Procedures 

 

48 

HUC: Up to a 12-digit numeric Hydrologic Unit Code (HUC) value may be entered for each plan in whole 

numbers.  

Location Description: The location description for each plan cannot exceed 500 characters. 

Variables: All variables created prior to the creation or generation of a planning set will be listed (as long as 

they are set to visible in the Planning Study form. The values allowed for each variable depends on the 

variable type defined for each variable. For more information on variable types and their constraints please 

see those sections of the user guide. For 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. 

User-Entered Planning Sets 
The user should begin by defining 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 clicking on the ΨtǊƻǇŜǊǘƛŜǎ ϧ 

!ǘǘǊƛōǳǘŜǎΩ ōǳǘǘƻƴ available on the Home ribbon.  

Once the user makes this selection they will be presented with the Planning Study Properties form. Just 

below the description of the planning study, which defaults to the planning study name, is a section 

dedicated to defining variables for the planning study.  

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

 

Figure 29 

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 the 

ΨhYΩ ōǳǘǘƻƴ to close this form. 

For more information on adding, deleting and modifying variables please see the Costs and Outputs section. 

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

list of plans by clicking the ΨCreate New User-Entered SetΩ button available on the Home ribbon. 

 

Figure 30 

Launching Create New User-Entered Set 

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

 

Figure 31 

Name New Planning Set 

 
The user can enter up to 255 alphanumeric characters in order to uniquely identify this planning set including 

spaces and special characters. Once the user has entered the name for the planning set they can click the 

ΨhYΩ ōǳǘǘƻƴ to create the planning set or ΨCancelΩ to return to the main screen of the application. 

Once the user clicks the ΨhYΩ ōǳǘǘƻƴ to create a new user-entered planning set a grid becomes available in 

the Plan Editor to allow the user to enter their plans. Note the newly created planning set is categorized 

under User-Entered Sets in the Planning Sets pane. 

 

Figure 32 

Entering Planning Alternatives for User 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 spreadsheet. To enter information directly into the grid the user 

should double click on the field and then 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 then selecting the 

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 name (except for the no action plan), description, latitude, longitude, 

HUC, location description, and values for the variables and attributes the 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 below to create this planning set. 

 

Table 7. 

Example User Entered Set 

Plan Name Costs Wetlands CWRiparian OpenWater 

No Action Plan 0 0 0 0 

F1O0S0 661 40 0 0 

F2O0S0 78 80 0 0 

F3O0S0 84 120 0 0 

F1O1S0 702 61.25 0 0 

F2O1S0 119 101.25 0 0 

F3O1S0 125 141.25 0 0 

F1O2S0 723 103.75 0 0 

F2O2S0 140 143.75 0 0 

F3O2S0 146 183.75 0 0 

F1O3S0 742 125 0 0 

F2O3S0 159 165 0 0 

F3O3S0 165 205 0 0 

F1O4S0 762 167.5 0 0 

F2O4S0 179 207.5 0 0 

F3O4S0 185 247.5 0 0 

 

The user may now save the user entered set by clicking the ΨSave ChangesΩ button in the bottom right of the 

plan editor. 

Generated Planning Sets 
Users can generate sets using the application. The user should work to define variables (costs and outputs), 

solutions and scales, relationships, constraints and sensitivities prior to generating a planning set. For our 

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. The user can click the ΨProperties & AttributesΩ 

button on the Home ribbon to enter the Planning Study Properties form and enter these variables. 

Table 8. 

Variable Names, Descriptions, and Units 

Variable (Name) Units Description Variable Type 

Costs $1000 Average Annual Equivalent Cost Currency 

Wetlands !!I¦Ωǎ Wetland Habitat Decimal 

CWRiparian !!I¦Ωǎ Cottonwood-willow Riparian Habitat Decimal 

OpenWater !!I¦Ωǎ Open Water Habitat Decimal 

 

Á For information on entering variables see Costs and Outputs. 

Á Next the user should define the solutions to be used for this planning study. The user can define 

solutions by clicking the ΨSolutions and ScalesΩ button on the Generator ribbon. Selecting this option 

will launch the Solutions & Scales form.   

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

Table 9. 

Solutions 

Solution Description Code Number of Action Scales 

Flow Regulation Wetlands F 3 

Overbank Wetlands O 4 

Riparian Corridors R 6 

Remove Salt Cedar S 1 

Open Water W 4 

In-channel Wetlands I 5 

 

Á The scaled solution effects on variables can be entered in the bottom portion of the form. Please use 

the information below to assist you in completing this information. 

Table 10. 

Solutions and Effects 

 
Code 

 
Scale 

 
Description 

Costs ($1000) Wetlands 
(AAH¦Ωs) 

CW 
Riparian 
ό!!I¦Ωs) 

Open Water 
(AAH¦Ωs) 

F 0 No Action 0 0 0 0 

F 1 50 Acres 661 40 0 0 

F 2 100 Acres 78 80 0 0 

F 3 150 Acres 84 120 0 0 

O 0 No Action 0 0 0 0 

O 1 25 Acres 41 21.25 0 0 

O 2 75 Acres 62 63.75 0 0 

O 3 100 Acres 81 85 0 0 
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Table 10. 

Solutions and Effects 

 
Code 

 
Scale 

 
Description 

Costs ($1000) Wetlands 
(AAH¦Ωs) 

CW 
Riparian 
ό!!I¦Ωs) 

Open Water 
(AAH¦Ωs) 

O 4 150 Acres 1,01 127.5 0 0 

S 0 No Action 0 0 0 0 

S 1 1000 Acres 348 0 0 0 

R 0 No Action 0 0 0 0 

R 1 15 Acres 14 0 15 0 

R 2 27 Acres 25 0 27 0 

R 3 47 Acres 37 0 47 0 

R 4 75 Acres 48 0 75 0 

R 5 101 Acres 56 0 101 0 

R 6 125 Acres 66 0 125 0 

W 0 No Action 0 0 0 0 

W 1 100 Acres 215 0 0 65 

W 2 200 Acres 378 0 0 130 

W 3 300 Acres 577 0 0 195 

W 4 400 Acres 722 0 0 260 

I 0 No Action 0 0 0 0 

I 1 120 Acres 166 108 0 0 

I 2 240 Acres 315 216 0 0 

I 3 360 Acres 420 324 0 0 

I 4 480 Acres 591 432 0 0 

I 5 600 Acres 665 540 0 0 

 

Á For information on entering solutions and scales see the section on Solutions and Scaled Effects. 

Á Next the user should define any constraints to be used when creating the planning set. In this example 

no constraints will be entered. For information on entering constraints see the section on Constraints. 

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

Á In this scenario variable sensitivities related to cost will be evaluated. Reviewing a range of potential 

costs from 80% of expected costs to 120% of costs will be reviewed. The user should click the ΨVariable 

SensitivityΩ button 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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Figure 33 

Variable Sensitivities 

Á After this information is updated the user can click ΨOKΩ to close the form. Two new variables will be 

created for Low Costs and High Costs. The user can view these newly created variables by clicking on 

the ΨProperties & AttributesΩ button on the Home ribbon. 

 

Figure 34 

High and Low Variables 

Á For information on entering variable sensitivities see the section on variable sensitivity. 
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Next the user can define solution sensitivities. The user should select the ΨSolution SensitivitiesΩ button on the 

Generator ribbon to launch the Solution Sensitivity form. Through this dialog, you may enter uniform 

coefficients for computing all high and low values for any and every given variable and solution combination. 

As with variable coefficients, low coefficients must always be a real number less than or equal to one including 

negative numbers and high coefficients must be a real number greater than or equal to 1. Once the 

coefficients have been defined, clicking the ΨhYΩ ōǳǘǘƻƴ will save the coefficients. Clicking the Ψ/ŀƴŎŜƭΩ ōǳǘǘƻƴ 

will discard any changes and close the form. 

For this case study two variable and solution combinations have sensitivity that need to be defined. Enter the 

coefficients from Table 11 below now by the methods described above. 

Table 11. 

Variable and Solution Combination Sensitivity  

Solution Code Variable Low Coefficient High Coefficient 

F Cost 1 2 

S Cost 0.5 1 

 

Á For information on entering Ψ{ƻƭǳǘƛƻƴ {ŜƴǎƛǘƛǾƛǘƛŜǎΩ ōǳǘǘƻƴ see section on solution sensitivity. 

Finally, the user should define the needed relationship amongst solutions. In this example we will create the 

dependency relationships shown below. 

Table 12. 

Dependency Relationships 

Solution Dependent On 

Overbank Wetlands (O) Flow Regulation Wetlands (F) 

 
Riparian Corridors (R) 

Flow Regulation Wetlands (F), 
AND Overbank Wetlands (O), AND Remove Salt Cedar (S) 

Open Water (W) Remove Salt Cedar (S) 

In-channel Wetlands (I) Remove Salt Cedar (S) 

 

Once these relationships have been established the form should appear as shown below. 
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Figure 35 

Solution Relationships 

 
Finally, the automated editing feature allows users to automatically account for the fact that all plan effects 

may not be additive όL²w tƭŀƴƴƛƴƎ {ǳƛǘŜ LLΩǎ default assumption) when individual solutions are combined. 

Lƴ ǘƘƛǎ ŜȄŀƳǇƭŜ ǿŜ ǿƛƭƭ ŎǊŜŀǘŜ ǘǿƻ ŀǳǘƻƳŀǘŜŘ ŜŘƛǘǎΦ ¢ƘŜ ŦƛǊǎǘ ǿƛƭƭ ōŜ ƴŀƳŜŘ ά/ƻǎǘ {ŀǾƛƴƎǎΦέ ¢ƘŜ ǳǎŜǊ Ŏŀƴ ŎƭƛŎƪ 

ǘƘŜ Ψ/ǊŜŀǘŜΩ ōǳǘǘƻƴ ŀƴŘ ǘƘŜƴ ŜƴǘŜǊ ά/ƻǎǘ{ŀǾƛƴƎǎέ ŀǎ ǘƘŜ ƎǊƻǳǇ ƴŀƳŜ ŀƴŘ ǘƘŜƴ ŎƭƛŎƪ ΨSave.Ω  

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

Next the user should update the coefficients for In-Channel Wetlands to .5, Remove Salt Cedar to 2 and then 

add a Constant of -800. 

At this point it should loƻƪ ǎƛƳƛƭŀǊ ǘƻ ǿƘŀǘΩǎ ǎƘƻǿƴ ōŜƭƻǿΦ 
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Figure 36 

Automated Edits 

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

The user can now create the second automated editΣ άaƻŘƻǳǘǇǳǘΣέ using the information shown in the table 

below. 

Table 13. 

Automated Editing Function 

Group  
Name 

 
Function 

 
Where Condition 

CostSavings (1) *  F + (0.5) *  I + (1) * O + (2) * R + (1) *  S + (1) * W + -800 F OR O OR R OR S OR W OR I (Default) 

Modoutput (1) *  F + (0.5) *  I + (1) * O + (2) * R + (1) *  S + (1) * W + (0) F OR I OR O OR R OR S OR W (Default) 

 

Once these items have been entered the user should click the ΨGenerateΩ button available on the Generator 

ribbon. 
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Figure 37 

Generate Planning 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 planning set. The description can contain alphanumeric and special characters and can 

be up to 500 characters long. 

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

 

Figure 38 

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 number of plans that need to be reviewed but will not be used in 

this example. 

Advanced options related to 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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Figure 39 

Expanding Advanced Options 

 
Expanding the Advanced Options section of the form provides the user will options for solution sensitivities 

and excluding solutions. 

 

Figure 40 

Advanced Options Expanded 

 
Since the user has defined solution sensitivities then the user can opt to select Low, Expected, and High 

options which will create three planning sets based on the defined solution sensitivities. For more 

information on solution sensitivities please see the section on solution sensitivities. 
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If the user wishes to generate a set and exclude one or more solutions then they have the option to check the 

box beside each solution they wish to exclude during plan generation. No solutions will be excluded in our 

example. 

Once all options have been set the user should click the ΨDŜƴŜǊŀǘŜΩ ōǳǘǘƻƴ to generate the planning set. The 

planning sets created by this method of generation will be named based on the planning set name entered 

and will displayed in the Planning Sets pane under Generated Sets. 

Uncertainty 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 these parameters. 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 particular tƘŜ ƛƴŎǊŜƳŜƴǘŀƭ Ŏƻǎǘ Řŀǘŀ ŦƻǊ άōŜǎǘ ōǳȅέ 

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 best point estimates 

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 estimates provided at the time an analysis is performed.  Further complicating this 

ƛǎ ǘƘŜ ŦŀŎǘ ǘƘŀǘΣ ōȅ ƛǘǎ ǾŜǊȅ ƴŀǘǳǊŜΣ /9κL/! ǇǊƻŘǳŎŜǎ ŀ άƪƴƛŦŜ-ŜŘƎŜέ ŜŦŦŜŎǘ ǿƘŜƴ ǳǎƛƴƎ Ǉƻƛƴǘ ŜǎǘƛƳŀǘŜǎ ǘƘŀǘ Ŏŀƴ 

severely affect the cost effectiveness of any particular alternative.  Cost and output estimates that are 

ǎƪŜǿŜŘ ŜǾŜƴ ǎƭƛƎƘǘƭȅ Ŏŀƴ ƛƴŎƭǳŘŜ Ǉƭŀƴǎ ǘƘŀǘ ǿƻǳƭŘƴΩǘ ƛƴ ǊŜŀƭƛǘȅ ōŜ Ŏƻǎǘ-effective or entirely screen out an 

alternative that would otherwise be in the cost-effective set. 

IWR Planning Suite incorporates the risk/uncertainty 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 added into the plan selection 

and decision-making 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 entered sets or using existing planning sets already in 

existence. To begin the user should click on the ΨUncertainty Planning Set DistributionsΩ button on the 

Uncertainty ribbon. After making this selection the user will be presented with the Uncertainty Planning Set 

Distributions form.  
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Figure 41 

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 characters to name this planning set. 

 

Figure 42 

Uncertainty Set Distribution Name 
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After defining a name the user can select existing plans by selecting the radio button for Load Plans from 

Existing Set or select the Use Custom Plans radio button to create new custom plans that do not yet exist. If 

the user elects to use existing sets they can expand the planning set categories and planning sets within to 

locate and select the planning set they wish to utilize. In this example we will select the Salt River Generated 

set. Once selected, the available plans to select from will be displayed to the right.  

 

Figure 43 

Loading Plans from Existing Set 

 
If the user wishes to utilize all plans from an existing set they can simply select the planning set and then click 

the ΨCreateΩ 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 case the user 

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 holding the Shift key down before clicking on another plan will select all plans 

between those selections. Selecting one plan and then holding down the Ctrl button on the keyboard while 

selecting other plans will select only those plans the user specifically selects.  

Once all selections are made or custom plans are created the user can click the ΨCreateΩ button. Please note 

that the ΨCreateΩ 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 Profile tab to select a distribution type 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 user can select a 

distribution type from the Distribution Type field. Following that selection the appropriate number of value 

fields are enabled to the right. In the example below the selection of Triangular as the Distribution Type 

enabled P1, P2, and P3 as indicated with zero values and the white background of these fields. 

The diagram at the top of the form indicates how many data points are required based on the selected 

distribution. 

 

Figure 44 

Distribution Types 

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

 

Figure 45 

Selecting Distribution Types 

 
Once the user defines the distribution type and related values for each listed variable they can click the 

ΨApply ProfileΩ button in order to 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 click the Ψ/ǊŜŀǘŜΩ ōǳǘǘƻƴ prior to the listed 

variable. 

 

Figure 46 

Creating Tolerance Rules 
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After the user clicks the Ψ/ǊŜŀǘŜΩ ōǳǘǘƻƴ the Tolerance Rule Builder will be displayed.  

 

Figure 47 

Tolerance Rule Builder 

The user can specify an operand, value and percentage of the time the variable should fall within this range. 

The user can press the Ψ±ŀƭƛŘŀǘŜΩ ōǳǘǘƻƴ following entry of this information to ensure the provided 

information is valid. The user can then click ΨOKΩ to create the tolerance rule 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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Figure 48 

Correlation Matrix 

Initially these values are set to zero indicating that the variables are independent of one another and no 

correlation amongst the variables exists. The matrix is disabled when the correlation between a variable and 

itself is shown as a variable is always perfectly correlated to itself. The user has the option 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 variables will remain independent of one another and no correlation amongst variables 

will be defined. 

The user can now validate the entered ŘƛǎǘǊƛōǳǘƛƻƴǎ ϧ ƳŀǘǊƛȄ ōȅ ŎƭƛŎƪƛƴƎ ǘƘŜ Ψ±ŀƭƛŘŀǘŜ 5ƛǎǘǊƛōǳǘƛƻƴǎ ϧ aŀǘǊƛȄΩ 

button on the Distributions tab. If validations 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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Figure 49 

Validating Distributions and Matrix 

 
Once this information has been completed the user may close the Uncertainty Planning Set Distributions 

form by clicking the Ψ/ƭƻǎŜΩ ōǳǘǘƻƴ. 

The user is now prepared to generate an uncertainty set. To do this the user should click on the ΨDŜƴŜǊŀǘŜ 

¦ƴŎŜǊǘŀƛƴǘȅ {ŜǘΩ ōǳǘǘƻƴ available on the Uncertainty ribbon. This will launch the Build Uncertainty Planning 

Sets form. 

 

Figure 50 

Building Uncertainty Sets 
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The user can now select the distribution 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 for the planning set can also be listed and 

should not exceed 500 characters in length. 

In this example the user should select Salt River Uncertainty as the distribution list and should name the 

planning set Salt River Uncertainty Set. 

 

Figure 51 

Define Uncertainty Set Name 

As previously noted, the generated uncertainty sets utilizes a Monte Carlo Simulation whereby the 

distributions and distribution types are utilized to select random values within the defined ranges to use for 

the variables 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. The number of max iterations 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 the Planning Sets pane.  

The seed is the number used to initialize the number generator. 

Convergence variables are available to set for each non-derived variable 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 Convergence Variables.  Derived variables (if any exist) are listed separately in the expandable 

Derived Variables section below the Convergence Variables section. 
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Figure 52 

Convergence Variables 

 
Convergence variables allow the user to 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 max number of iterations has been 

completed. If convergence is not set then all iterations defined will be completed. 

Once all values are determined on the Build Uncertainty Planning Sets form the user can click the ΨhYΩ ōǳǘǘƻƴ 

to generate the uncertainty set.  

tƭŜŀǎŜ ƴƻǘŜ ǘƘŜ ΨhYΩ ōǳǘǘƻƴ ǿƛƭƭ ōŜ ŘƛǎŀōƭŜŘ ǳƴǘƛƭ ŀ ŘƛǎǘǊƛōǳǘƛƻƴ ǎŜǘ Ƙŀǎ ōŜŜƴ ǎŜƭŜŎǘŜŘ ŀƴŘ ǘƘŜ ǳǎŜǊ ǿƛƭƭ ǊŜŎŜƛǾŜ 

a message indicating they need to enter a valid planning set name if they attempt to click ΨOKΩ prior to 

creating one. 

The user will receive a 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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Figure 53 

Uncertainty Set Statistics 

 
hƴŎŜ ǘƘŜ ǳǎŜǊ ŎƭƛŎƪǎ ΨhYΩ ƻƴ ǘƘƛǎ ƳŜǎǎŀƎŜ ǘƘŜ ŎǊŜŀǘŜŘ ǇƭŀƴƴƛƴƎ ǎŜǘ ǿƛƭƭ ōŜ ƴŀƳŜŘ {ŀƭǘ wƛǾŜǊ ¦ƴŎŜǊǘŀƛƴǘȅ {Ŝǘ 

and will appear under the Uncertainty Sets category in the Planning Sets pane. 

 

Figure 54 

Displaying Uncertainty Sets 
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Watershed Sets 
The user can begin creation of a watershed set by selecting the ΨWatershed WizardΩ button on the Tools 
ribbon. The user is then asked to verify they are attempting to create an analysis for multiple locations. If the 
user selects No, they will be returned to the application to select entry of another type of planning set. If the 
user selects ΨYesΣΩ they will enter into the watershed wizard where they will be led through a series of steps 
to create a watershed analysis. Users can either create a new watershed study (options a-c) or open an 
existing unfinished study for completion (option d). The options for creating a new study deal with how plans 
for each location will be created. Available options are whether users would like to enter one plan per site, 
more than one plan per site or generate plans for each site. Once a selection has been made and the user has 
entered a valid and unique study name, ǘƘŜ ǳǎŜǊ Ŏŀƴ ŎƭƛŎƪ ΨbŜȄǘΩ ǘƻ ŎƻƴǘƛƴǳŜ ǘƘǊƻǳƎƘ ǘƘŜ ǿƛȊŀrd. 
 

 

Figure 55 

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 Open to continue through the wizard.  The wizard will open 
the set at the last completed designated stage. 
 

 

Figure 56 

Open Existing Watershed Study 

Next the user will be asked to enter the locations in the form shown below. 
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Figure 57 

Watershed Locations and Plans 

 
The user can enter a location name and a code will automatically be assigned but the generated code can be 

modified by the user. There is an option that is selected by default that will convert location code characters 

into special characters. 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 can select the Ψ!ŘŘ bŜǿΩ ōǳǘǘƻƴ to add additional locations. 

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 as well. After entering all 

needed locations and variable values the user can select the ΨhYΩ ōǳǘǘƻƴ to continue. 

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

 

Figure 58 

Watershed Location Relationships 
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If the user has relationships that need to be defined they should select ΨYesΩ and then ΨNext.Ω If the user 

ŘƻŜǎƴΩǘ ƘŀǾŜ ŀƴȅ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ǘƘŀǘ ƴŜŜŘ ǘƻ ōŜ ŘŜŦƛƴŜŘ ǘƘŜȅ ǎƘƻǳƭŘ ǎŜƭŜŎǘ ΨNoΩ and then click ΨNext.Ω If the 

user selects ΨYesΩ they will be presented with a form to allow the user to define the relationships. 

 

Figure 59 

Creating Relationships 

 
For more information on entering relationships please see the section on relationships. After the needed 

relationships have been entered the user should click ΨOKΩ to continue. 

Next the user will be asked if the locations behave independently from one another. If the user selects ΨYesΩ 

they will continue through the wizard. If the user selects ΨNoΩ they will be presented with the Automated 

Edits form.  
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Figure 60 

Automated Edits 

 
For more information on entering Automated Edits please see the automated editing section. After the user 

enters the appropriate dependencies between solutions the user can click the ΨOKΩ button to continue. 

At this point the user will be presented with a form that allows the user to generate plans based on the 

provided user selections. 

 

Figure 61 

Generating Watershed Sets 
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For more information on generating plans please see the section on Plan Generation. After the user updates 

the planning set name and description as well as setting of any advanced features as applicable the user can 

click the ΨDŜƴŜǊŀǘŜΩ ōǳǘǘƻƴ to generate the planning 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 user to re-enter the information. 

Removing Planning Sets 
Planning sets may be deleted, or removed from the plan study by clicking the Ψ5ŜƭŜǘŜΩ ōǳǘǘƻƴ on the Home 

ribbon. 

 

Figure 62 

Launching Delete Planning Set(s) 

 
This will cause the Delete Planning Set form to appear. 

 

Figure 63 

Deleting Planning Sets 
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You may select the planning set you wish to delete from the list of available plan sets, and press ΨOKΩ to 

remove it from the planning study permanently. If the user 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. 

 

 

Figure 64 

Selecting Planning Sets for Deletion 

 
Please be aware that the operation cannot be undone once ΨDeleteΩ is pressed, and the planning set selected 

will be deleted and will not be recoverable by any means. Press ΨCancelΩ to exit the form without removing 

any planning sets from the planning study. 

Planning Set removal may become necessary if a planning set analysis is performed with the incorrect cost and 

output variables, for example, or if a planning set is generated with an incorrect set of parameters. It may also 

be helpful to delete planning sets when the planning study has become άŎƭǳǘǘŜǊŜŘέ with too many that are no 

longer current or no longer applicable. 

Costs and Outputs 
The first step in performing incremental cost analyses for our sample ecosystem restoration study is to 

determine and define the costs and outputs to be used. Within the IWR Planning Suite II, we use the term 

variables to denote these costs and outputs. Variables are the categories upon which the effects of alternative 

plans will be compared and upon which cost effective and incremental cost analyses will be performed. A 

minimum of two variables must be defined for cost effectiveness and incremental cost analyses: a cost 

variable and an output variable. Examples of output variables might include: habitat units, acres of wetlands, 
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stream miles restored, number of salmon, diversity indices, etc. Due to processing time considerations, it is 

recommended that no more than ten variables be defined in an IWR Planning Suite II data file. The IWR 

Planning Suite II also allows for the definition of derived variables, which are included in the recommended 

count of ten or fewer variables. Derived variables will be discussed in more detail later in this chapter. 

Plan variables may be created or removed from all the planning sets in a plan study through Planning Study 

Properties form which displays the available variables and attributes of the planning sets in the study. Once 

new attributes or variables have been added and defined via the Planning Studies Properties form, the new 

attribute values may be edited immediately to insert values manually through the Plan Editor. However, if the 

user wishes to have the newly added variable displayed they will need to generate a new planning set. 

To begin the process, variables and derived variables for an analysis are defined within the Planning Study 

Properties form. The costs and outputs associated with the study are determined and defined. These variables 

are the categories used for comparative purposes during analysis. For example, if a given planning set was to 

be used as input data for subsequent CE/ICA analyses, then a cost and an output variable would need to be 

defined for that planning set. Variables are defined with a variable name, description, variable type and unit of 

measure. Additional types of variables would be needed for other kinds of analyses, such as multi-variable 

efficiency analysis. 

To define these variables, navigate to the Planning Study Properties form by selecting the ΨtǊƻǇŜǊǘƛŜǎ ϧ 

!ǘǘǊƛōǳǘŜǎΩ ōǳǘǘƻƴ available on the Home ribbon. 

 

Figure 65 

Launching Properties and Attributes 

 
This will open the Planning Study Properties form which contains a Variables data entry table to allow for the 

addition, modification, and deletion of variables. Initially, this form displays default ά/ƻsǘέ and άhǳǘǇǳǘέ 

variables for your use. These default variables can be removed or renamed at your discretion to suit the needs 

of a particular planning study. As variables are defined, they will be added to the collection of variables, and 

will be available for review or modification. 

New variables may be defined by clicking the Ψ!ŘŘΩ ōǳǘǘƻƴ under the Variables table on the Planning Study 

form. 
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Figure 66 

Adding Variables 

 
Doing so will create a new row in the table where you may enter properties in nine fields that define the 

variable. These properties are the ǾŀǊƛŀōƭŜΩǎ name, units of measurement, description, whether it is a derived 

variable, the derived variable formula, minimum and maximum values, and whether the field is to be visible 

when displaying planning sets. 

The variable name gives a name to the variable that the IWR Planning Suite II can use in analysis and 

reporting. This property is required to be entered and can be made up of any combination of alphanumeric or 

special characters up to 255 characters in length.  

The description field describes the variable throughout the IWR Planning Suite II, specifically in reporting. This 

field can be up to 500 characters in length. Enter ά!ǾŜǊŀƎŜ Annual Equivalent /ƻǎǘέ in the space provided for 

the description now. The units field, or units of measure, is a quantitative representation of the unit used for 

each variable and can be up to 255 characters in length. 

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

Á Decimal ς A base 10 number that can extend to the thousands place after the decimal in this 

application 

Á Binary ς A base two numeral system which is represented in this application as a checkbox that can be 

enabled or disabled 

Á Integer ς A whole number 

Á Currency ς A numeric value used to represent an output value in money 

The derived checkbox will determine if this variable is a derived variable or not. A Derived Variable is a 

formulaic combination of two or more other variables already entered into the database. Derived Variables 

will be discussed later in this section. You may leave the άVisibleέ checkbox marked for all of the variables you 

will be entering. 

The minimum field can be used to define a minimum acceptable value for this variable. If any plans that are 

generated create a value that falls below the defined minimum for that variable then those plans will not be 

listed. 
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The maximum field can be used to define a maximum acceptable 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 be 

listed. 

It is highly recommended that the optional fields όάǳƴƛǘǎέ and άŘŜǎŎǊƛǇǘƛƻƴέύ be defined, as they will be used 

throughout the IWR Planning Suite II in reports and graphs. To add additional variables, simply click the Ψ!ŘŘΩ 

button and repeat the procedure defined above. The table below describes the four variables used in this case 

study. 

Table 14. 

Variable Names, Descriptions, and Units 

Variable (Name) Description Units 

Costs Average Annual Equivalent Cost $1000 

Wetlands Wetland Habitat !!I¦Ωǎ 

CWRiparian Cottonwood-willow Riparian Habitat !!I¦Ωǎ 

OpenWater Open Water Habitat !!I¦Ωǎ 

 

The first variable that has just been defined is the cost variable for this study. The three remaining variables 

will be used as the output measures. Enter the three output variables defined in Table 14 now by following the 

above procedure. 

Existing variables may be modified or deleted by clicking on the variableΩs row in the grid to select it. When a 

specific variable is selected, it may either be modified or deleted. To modify the current variable, simply 

double click on the first value you would like to modify and then tab to and change the appropriate fields. 

Pressing the Delete or Del key on your keyboard will delete the current selected variable. 

 

Figure 67 

Deleting Variables 



Section 5  ¶  Software Terms and Procedures 

 

78 

Clicking the ΨhYΩ ōǳǘǘƻƴ will save your changes and close the Planning Study Properties form, while clicking the 

Ψ/ŀƴŎŜƭΩ ōǳǘǘƻƴ will close the form without saving any changes. 

Derived Variables 

Next we will define a derived variable. A derived variable is a formulaic combination of two or more other 

variables already entered into the database. Within a derived variable formula, other variables may be added, 

subtracted, multiplied, divided, or raised to a power. Square roots, natural logs, and absolute values may also 

be performed. Derived variables are also added to the planning study through the Planning Studies Properties 

form and described in terms of a variable name, description, measurement units, and a calculation formula. 

If the planning study properties form has been closed, re-open the plan study form by clicking the ΨtǊƻǇŜǊǘƛŜǎ 

ϧ !ǘǘǊƛōǳǘŜǎΩ ōǳǘǘƻƴ on the Home ribbon. Clicking on the Derived checkbox on a ǾŀǊƛŀōƭŜΩǎ row will mark the 

checkbox indicating that the variable is derived and will cause the Formula Editor to appear with which to define 

the formula for computing a derived variable.  

 

Figure 68 

Derived Variable Formula Editor 

The Formula Editor contains a blank field in which the user defines the derived variable. The user cannot type 

variable information manually into the field but can enter numeric and operands manually.  For variables the 

user must select (by clicking) functions and variables in sequence to define the derived variable formulation.  

Add a new variable by pressing the Ψ!ŘŘΩ ōǳǘton located below the Variables table. For the Name, enter 

ά¢ƻǘŀƭhǳǘǇǳǘέ. Enter ά!!I¦έ and ά¢ƻǘŀƭ output of all habitat ǾŀǊƛŀōƭŜǎέ as the unit and description. Now 

proceed to click on the derived checkbox for the variable. Enter the variable formula for ά¢ƻǘŀƭhǳǘǇǳǘέ now 

by using the Formula Editor sub-form. At this point, the user can click on the Ψ±ŀƭƛŘŀǘŜΩ ōǳǘǘƻƴ to confirm that 
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the formula is logically valid (from a mathematical perspective, not a scientific one). Alternatively, when the 

user ŎƭƛŎƪǎ ΨhYΩ on the Formula Editor form, the IWR Planning Suite II will automatically check (validate) the 

derived variable for logical consistency. 

Note that since the values of derived variables are not entered by the user, but rather are calculated directly 

by the IWR Planning Suite II, derived variables do not appear in the ά9ŦŦŜŎǘǎ on ±ŀǊƛŀōƭŜǎέ columns on the 

Solutions and Scales form. Derived variables are automatically calculated by the program and can be selected 

as either Cost or Output Parameters to conduct cost effectiveness and incremental cost analyses. To see the 

calculated values of derived variables for a planning set, select the planning set in the Planning Sets pane of 

the application. Derived variables are labeled as such and their values are displayed. 

Attributes 
Attributes are also displayed in the Planning Study Properties form accessible when the user clicks the 

ΨtǊƻǇŜǊǘƛŜǎ ϧ !ǘǘǊƛōǳǘŜǎΩ ōǳǘǘƻƴ on the Home tab. The default available attributes are listed for the user and 

are shown in grey text wiǘƘ ŀ ƎǊŜȅ ōŀŎƪƎǊƻǳƴŘ ǘƻ ƛƴŘƛŎŀǘŜ ǘƘŜǎŜ ŎŀƴΩǘ ōŜ ƳƻŘƛŦƛŜŘ ƻǊ ŘŜƭŜǘŜŘ ōȅ ǘƘŜ ǳǎŜǊΦ  

 

Figure 69 

Default Attributes 

 
However, the user can modify the visibility of the default attributes using the Visible column. The Visible 

column has the ƻǇǘƛƻƴǎ ƭƛǎǘŜŘ ōŜƭƻǿ ǿƘƛŎƘ ŘŜǎŎǊƛōŜǎ ǿƘŜƴ ǘƘƛǎ ŀǘǘǊƛōǳǘŜ ǿƛƭƭ ōŜ ǾƛǎƛōƭŜ ōŀǎŜŘ ƻƴ ǘƘŜ ǳǎŜǊΩǎ 

selection.  

Á Always ς This attribute will always be displayed 

Á Never ς This attribute will never be displayed  

Á Plan Generator ς This attribute will be displayed for generated sets  

Á CE/ICA Analysis ς This attribute will be displayed for CE/ICA analysis sets 

Á Constrainer ς This attribute will be displayed for constrained sets 

Á MCDA Ranked ς This attribute will be displayed for ranked MCDA sets 

Á MCDA Imported ς This attribute will be displayed for imported MCDA sets 

Á Uncertainty ς This attribute will be displayed for uncertainty sets 
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Á Uncertainty CE/ICA ς This attribute will be displayed for CE/ICA uncertainty sets 

Á Uncertainty Parent ς This attribute will be displayed for parent uncertainty sets 

Á Uncertainty CE/ICA Parent ς This attribute will be displayed or CE/ICA parent uncertainty sets 

Á Watershed ς This attribute will be displayed for all watershed sets 

Á Watershed (1 plan per site) ς This attribute will be displayed for all 1-plan per site watershed sets 

Á Watershed (N plans per site) ς This attribute will be displayed for all watershed sets where multiple 

plans per site exist 

Á Watershed (Generated per site) ς This attribute will be displayed for all generated watershed sets 

Á Watershed CE/ICA (Generated per site) ς This attribute will be displayed for all CE/ICA watershed sets 

¢ƘŜ ǳǎŜǊ Ƴŀȅ ŀƭǎƻ ǿƛǎƘ ǘƻ ŎǊŜŀǘŜ ŀƴŘ ŘƛǎǇƭŀȅ ŀǘǘǊƛōǳǘŜǎ ƻŦ ǘƘŜ ǳǎŜǊΩǎ ƻǿƴ creation. The user can create 

additional attributes by clicking the Ψ!ŘŘΩ ōǳǘǘon available below the attributes section. 

 

Figure 70 

Adding Attributes 

 
After the user clicks the Ψ!ŘŘΩ ōǳǘǘƻƴ a new row will be added to the bottom of the Attributes grid and the 

user can enter a Name, Type, Description, and select a visibility option from the list. The user should click the 

ΨhYΩ ōǳǘǘƻƴ to save their changes and exit the form after entering this information. 

Solutions and Scaled Effects 
The next step in performing incremental cost analyses is to define solutions and their effects on each variable. 

Solutions and their scaled effects are defined through a ά{olutions and {ŎŀƭŜǎέ form which can be accessed by 

clicking on Ψ{ƻƭǳǘƛƻƴǎ ϧ {ŎŀƭŜǎΩ ōǳǘǘƻƴ located on the Generator ribbon. 
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Figure 71 

Launching Solutions and Scales 

A solution 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, solution 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 through the Solutions & Scales form. Any solution and 

scale to be excluded from the set of generated plans may be removed through use of the Advanced Options 

available when generating a set. The Solutions & Scales form ŀǳǘƻƳŀǘƛŎŀƭƭȅ ƎŜƴŜǊŀǘŜǎ ŀ άbƻ !Ŏǘƛƻƴέ ǎŎŀƭŜ ŦƻǊ 

each solution. 

To define solutions, navigate to the Solutions & Scales form shown below ōȅ ŎƭƛŎƪƛƴƎ ƻƴ Ψ{ƻƭǳǘƛƻƴǎ ϧ {ŎŀƭŜǎΩ 

button on the Generator ribbon. 

 

Figure 72 

Solutions and Scales 

Once the Solutions and Scales form is loaded solutions can be defined. One row is available for entry by 

default but users can add additional solutions by pressing the Ψ!ŘŘ bŜǿΩ ōǳǘǘƻƴ. The solution description is a 

ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ǿƘŀǘ ŀŎǘƛƻƴ ƻǊ ƳŜŀǎǳǊŜ ƛǎ ǘƻ ōŜ ǘŀƪŜƴΦ 9ƴǘŜǊ άCƭƻǿ wŜƎǳƭŀǘƛƻƴ ²ŜǘƭŀƴŘǎέ ƛƴ ǘƘŜ ǎǇŀŎŜ ǇǊƻǾƛŘŜŘ 

for the solution description now. The solution code is a multi-letter code of up to ten characters that 

represents this solution. This code will be used in the naming of plan alternatives when planning sets are 

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

default value results in duplicates or if the user wishes to utilize a different code it may be modified.  In this 

ƛƴǎǘŀƴŎŜ άCέ ǿƛƭƭ ōŜ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ǎƻƭǳǘƛƻƴ ŎƻŘŜ ŀƴŘ ƛǎ ŀǇǇǊƻǇǊƛŀǘŜ ƛƴ ǘƘƛǎ ŎŀǎŜΦ The last field on this form 

represents the number of 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 Regulation ²ŜǘƭŀƴŘǎ Ŏŀƴ ōŜ ƛƳǇƭŜƳŜƴǘŜŘΦ 9ƴǘŜǊ άоέ ƛƴ ǘƘŜ 
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space provided for the number of action scales now. This 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. ¢ŀƪŜ ǘƘŜ Ǉƭŀƴ άCнhпwл{м²нLпέ ŦƻǊ ŜȄŀƳǇƭŜΤ ǘƘŜ άCέ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ Cƭƻǿ wŜƎǳƭŀǘƛƻƴ ²ŜǘƭŀƴŘǎ 

solutions. 

 

Figure 73 

Creating Solutions 

 
Considering the example plan above, the άCнέ portion indicates that the second action scale for Flow 

Regulation Wetlands is being used for this alternative plan. Once a solution or set of solutions are entered, 

clicking the ΨhYΩ ōǳǘǘƻƴ will validate and save the new solutions. If the ΨhYΩ ōǳǘǘƻƴ is not clicked, the solutions 

are not saved. The Ψ/loseΩ button will close the form. 

Table 15 below describes the solutions that are used in this case study. The first solution has just been defined 

for άCƭƻǿ Regulation WetlandsΦέ Enter the five remaining solutions now. Please note that up to 52 solutions 

can be defined per planning study and up to 20 scales (including No Action) can be defined per solution. 

Table 15. 

Solutions 

Solution Description Code Number of Action Scales 

Flow Regulation Wetlands F 3 

Overbank Wetlands O 4 

Riparian Corridors R 6 

Remove Salt Cedar S 1 

Open Water W 4 
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In-channel Wetlands I 5 

 

  



Section 5  ¶  Software Terms and Procedures 

 

84 

For reporting purposes, solutions are displayed in the Solutions & Scales form in the order they will be used to 

generate plan alternatives. By default, each new solution is given the next consecutive position for its order. 

To create a new solution, simply click the Ψ!ŘŘ bŜǿΩ ōǳǘǘƻƴ which will add a new row into which the solution 

information may be entered. Clicking the Delete key on the keyboard after selecting a solution will 

permanently remove the selected solution. The ΨOKΩ or Ψ/ŀƴŎŜƭΩ ōǳǘǘƻƴ will allow this form to be closed. 

The Solutions and Scales form will also allow the entry of quantitative effects on each variable for every 

solution and scale through the ά{ŎŀƭŜŘ Solution Effects on ±ŀǊƛŀōƭŜǎέ grid. 

 

Figure 74 

Scaled Solution Effects on Variables 

The first two columns of the data entry grid make up the solution code. The first column is the designator 

code for the respective solution (provided by the user); the second column is the scale counter. These code 

ŎƻƭǳƳƴǎ ƛƴ ǘƘŜ ά{ŎŀƭŜŘ {ƻƭǳǘƛƻƴ 9ŦŦŜŎǘǎ ƻƴ ±ŀǊƛŀōƭŜǎέ ǘŀōƭŜ ŀǊŜ ƎŜƴŜǊŀǘŜŘ ōȅ ǘƘŜ ǇǊƻƎǊŀƳ ŀƴŘ ŀǊŜ ƴƻǘ 

editable as indicated by a gray background. The third column is for entering a description for each solution-

scale. This default description is editable. The entry of a description is not required, but is recommended. The 

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

solution. Descriptions can be made up of any combination of alphanumeric or special characters and can be 

up to 50л ŎƘŀǊŀŎǘŜǊǎ ƛƴ ƭŜƴƎǘƘΦ CƻǊ ŜȄŀƳǇƭŜ άCмέ ƛǎ ŘŜǎŎǊƛōŜŘ ŀǎ Cƭƻǿ wŜƎǳƭŀǘƛƻƴ ²ŜǘƭŀƴŘǎ ƻƴ рл ŀŎǊŜǎΦ 

¢ƘŜǊŜŦƻǊŜΣ рл ŀŎǊŜǎ ǿƛƭƭ ōŜ ǘƘŜ ŘŜǎŎǊƛǇǘƛƻƴ ŦƻǊ άCмΦέ 9ƴǘŜǊ άрл !ŎǊŜǎέ ƛƴ ǘƘŜ ǎǇŀŎŜ ǇǊƻǾƛŘŜŘ ŦƻǊ ǘƘŜ ŘŜǎŎǊƛǇǘƛƻƴ 

ƻŦ άCмέ ƴƻǿ. This particular action will cost $661,000 and result in 40 habitat units of wetlands habitat being 

ƎŜƴŜǊŀǘŜŘΦ ¢ƘŜǎŜ ǾŀƭǳŜǎ ŀǊŜ ŜƴǘŜǊŜŘ ŀǎ ŦƻƭƭƻǿǎΥ ǘƘŜ ά/ƻǎǘǎέ ŦƛŜƭŘ Ƙŀǎ ŀ ǾŀƭǳŜ ƻŦ с61 since the Costs variable is 

ƳŜŀǎǳǊŜŘ ƛƴ ϷмлллΦ 9ƴǘŜǊ άссмέ ƛƴ ǘƘŜ ǎǇŀŎŜ ǇǊƻǾƛŘŜŘ ŦƻǊ ǘƘŜ /ƻǎǘǎ ƻŦ άCмέ now. ¢ƘŜ ά²ŜǘƭŀƴŘǎέ ŦƛŜƭŘ Ƙŀǎ ŀ 

ǾŀƭǳŜ ƻŦ пл ŦƻǊ ǘƘƛǎ ǎƻƭǳǘƛƻƴ ŀƴŘ ǎŎŀƭŜΦ 9ƴǘŜǊ άплέ ƛƴ ǘƘŜ ǎǇŀŎŜ ǇǊƻǾƛŘŜŘ ŦƻǊ ²ŜǘƭŀƴŘǎ ƴƻǿΦ Lƴ ǘƘƛǎ ŎŀǎŜΣ ǘƘŜ 

solution άCмέ ŘƻŜǎ ƴƻǘ ƘŀǾŜ ŀƴȅ ƻǳǘǇǳǘ ŦƻǊ /² wƛǇŀǊƛŀƴ ƻǊ hǇŜƴ ²ŀǘŜǊΣ ǎƻ ǘƘŜǎŜ ŦƛŜƭŘǎ Ƴŀȅ ǊŜƳŀƛƴ άлέΦ ¢Ƙƛǎ 

is how the effects that each solution and scale have on each variable are entered into IWR Planning Suite II. 
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Table 16 below defines the solutions and scales that are used in this case study. Repeat the procedure above 

for the 28 remaining solution-scales now. 

Table 16. 

Solutions and Effects 

 
Code 

 
Scale 

 
Description 

Costs ($1000) Wetlands 
(AAH¦Ωs) 

CW 
Riparian 
ό!!I¦Ωs) 

Open Water 
(AAHUΩs) 

F 0 No Action 0 0 0 0 

F 1 50 Acres 661 40 0 0 

F 2 100 Acres 78 80 0 0 

F 3 150 Acres 84 120 0 0 

O 0 No Action  0 0 0 0 

O 1 25 Acres 41 21.25 0 0 

O 2 75 Acres 62 63.75 0 0 

O 3 100 Acres 81 85 0 0 

O 4 150 Acres 1,01 127.5 0 0 

S 0 No Action 0 0 0 0 

S 1 1000 Acres 348 0 0 0 

R 0 No Action 0 0 0 0 

R 1 15 Acres 14 0 15 0 

R 2 27 Acres 25 0 27 0 

R 3 47 Acres 37 0 47 0 

R 4 75 Acres 48 0 75 0 

R 5 101 Acres 56 0 101 0 

R 6 125 Acres 66 0 125 0 

W 0 No Action 0 0 0 0 

W 1 100 Acres 215 0 0 65 

W 2 200 Acres 378 0 0 130 

W 3 300 Acres 577 0 0 195 

W 4 400 Acres 722 0 0 260 

I 0 No Action 0 0 0 0 

I 1 120 Acres 166 108 0 0 

I 2 240 Acres 315 216 0 0 

I 3 360 Acres 420 324 0 0 

I 4 480 Acres 591 432 0 0 

I 5 600 Acres 665 540 0 0 

 

Note that specific solutions may be filtered for ease of data entry. To select which solutions will appear in the 

data entry/editing matrix, click on the funnel-shaped filter icon above the Code Header and uncheck ά(Select 

All)έ and then select the solutions you would like to display as shown below. 
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Figure 75 

Filtering Scaled Solution Effects on Variables 

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

in the data entry/editing matrix under Solutions and Effects until the filter is ǘǳǊƴŜŘ ƻŦŦ ōȅ ǎŜƭŜŎǘƛƴƎ άόSelect 

!ƭƭύέ ŦǊƻƳ ǘƘŜ ŦƛƭǘŜǊ ƛŎƻƴ ŎƻƳōƻ box. 

At this point, solutions may be added or deleted by clicking the Ψ!ŘŘΩ ōǳǘǘƻƴ on the Solutions & Scales form 

or selecting a solution and pressing the Delete key on your keyboard. Following deletion the user will be 

presented with a confirmation dialog. Clicking ΨYesΩ will delete the solution, and clicking ΨNoΩ will cancel the 

action. 

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

Solutions table of the Solutions & Scales form. 

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

If the user determines they would like to rename a solution they 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 can select a 

solution row ŀƴŘ ǘƘŜƴ ŎƭƛŎƪ ǘƘŜ ΨwŜŀǇǇƭȅ bŀƳŜΩ ōǳǘǘƻƴΦ ¢Ƙƛǎ ŀŎǘƛƻƴ ƛǎ ƴƻǘ ǇŜǊŦƻǊƳŜŘ ōȅ ŘŜŦŀǳƭǘ ƛƴ ƻǊder to 

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

After all desired solutions have been selected clicking the ΨhYΩ ōǳǘǘƻƴ to save your changes and exit the form. 

If the user wishes to exit the form without saving their chŀƴƎŜǎ ǘƘŜ Ψ/ƭƻǎŜΩ ōǳǘǘƻƴ ǎƘƻǳƭŘ ōŜ ǳǎŜŘΦ 
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Solution Relationships 
The set of rules regarding which solution and scale combinations are dependent upon one another, also 

ƪƴƻǿƴ ŀǎ άŘŜǇŜƴŘŜƴŎȅ ǊŜƭŀǘƛƻƴǎƘƛǇǎΣέ may be defined as appropriate before plan generation. These 

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 depends. 

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. Combinability 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 clicking the ΨwŜƭŀǘƛƻƴǎƘƛǇǎΩ ōǳǘǘƻƴ 

on the Generator ribbon as shown below. 

 

Figure 76 

Launch Relationships 

 
This will open the Solution Relationships form shown below. 

 

Figure 77 

Solution Relationships 

 

Dependencies 
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First we will define dependency relationships. Dependency relationships occur between solutions when the 

implementation of one solution is dependent on the implementation of one or more other solutions. Click the 

Dependency radio button under the Relationship Type group box in order to specify dependency relationships 

for the solution currently displayed on the form. 

 

Figure 78 

Steps to Creating Dependency Relationships 

 
ά!ƴŘΦΦΦέ relationships (for example, A is dependent on B AND C) are entered across rows in the table, 

eitheǊΧƻǊέ relationships are entered using multiple rows. Relationship rows are created by pressing the 

άCreateέ button. For example, to define the dependency relationship for άhǾŜǊōŀƴƪ ²ŜǘƭŀƴŘǎΣέ click on the 

Overbank Wetlands solution in the Solution list box. Next, select the Flow Regulation Wetlands checkbox to 

the right and then click the Ψ/ǊŜŀǘŜΩ ōǳǘǘƻƴ.  The solution άhǾŜǊōŀƴƪ ²ŜǘƭŀƴŘǎέ is now dependent on άCƭƻǿ 

Regulation ²ŜǘƭŀƴŘǎΦέ 

Select the solution you want to define a non-combinability relationship for (Step 2), check the solutions it is 

ƴƻǘ ŎƻƳōƛƴŀōƭŜ ǿƛǘƘ ό{ǘŜǇ оύΣ ŀƴŘΣ ǘƘŜƴ ŎƭƛŎƪ ǘƘŜ Ψ/ǊŜŀǘŜΩ ōǳǘǘƻƴ ό{ǘŜǇ пύΦ ²ƘŜƴ ŘƻƴŜ creating relationships 

ǘƘŜ ǳǎŜǊ Ŏŀƴ ǇǊŜǎǎ ǘƘŜ ΨhYΩ ōǳǘǘƻƴ to save their changes and exit the form. 

Note, if there were multiple solutions required, they would all be checked and would appear across the first 

row of the ά{ƻƭǳǘƛƻƴ Is Dependent ¦ǇƻƴΥέ table as shown below. 
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Figure 79 

Created Relationships 

 
You will notice that when a dependency is defined by pressing the Ψ!ŘŘΩ ōǳǘǘƻƴ, a new row appears below the 

current row. This will allow the άŜƛǘƘŜǊΧƻǊέ dependency relationships to be defined. 

Combinability Relationships 

Next we will define the combinability relationships. Combinability relationships occur between solutions 

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 specify non-combinable 

relationships for the solution currently dispƭŀȅŜŘ ƻƴ ǘƘŜ ŦƻǊƳ ό{ǘŜǇ мύΦ ά!ƴŘΦΦΦέ ǊŜƭŀǘƛƻƴǎƘƛǇǎ όŦƻǊ ŜȄŀƳǇƭŜΣ ! 

is not combinable with B and C together) are entered across rows in the sub-ŦƻǊƳΣ άŜƛǘƘŜǊΧƻǊέ ǊŜƭŀǘƛƻƴǎƘƛǇǎ 

are entered using multiple rows. 

As with dependency relationships, click the solution you want to define a non-combinability relationship for 

(Step 2), check the solutions it is not combinable with (Step 3), and, then click the Ψ/ǊŜŀǘŜΩ ōǳǘǘƻƴ (Step 4). 

When done the user can press the ΨhYΩ ōǳǘǘƻƴ. 
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Figure 80 

Steps to Creating Combinability Relationships 

 
However, if no solutions are combinable with each other (for example, each solution represents a fully 

formulated, discrete alternative plan), a shortcut to specifying individual non- combinability relationships 

between solutions is to click on the checkbox in the upper-right-hand corner of the Solution Relationships 

form marked άbƻ Solutions Are Combinable.έ When this box is checked, the IWR Planning Suite II will 

automatically prevent any solution from being combined with another. 
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Figure 81 

No Solutions Are Combinable 

 
When finished defining relationships, click the ΨhYΩ ōǳǘǘƻƴ to save the defined relationships. 

Automated Editing 
Automated editing is a feature which allows the planner to automatically account for the fact that a group of 

plan effects to be generated may not be a matter of simple addition of solution effects. A mathematical 

function is entered to describe complex additive effects for a set of solution combinations. To define an 

automated edit, an edit group name, applicable variable, additive function and logical condition for 

application of the edit are entered in an automated edit group entry form. During plan generation, the 

automated edit entries are used in place of simple addition for applicable solution and scale combinations. 

Next we will define automated edits. Clicking the Ψ!ǳǘƻƳŀǘŜŘ 9ŘƛǘǎΩ ōǳǘǘƻƴ on the Generator ribbon will open 

the Automated Edits form. 

 

Figure 82 

Launching Automated Edits 
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The automated editing feature allows users to automatically account for the fact that all plan effects may not 

be additive (IWR Planning Suite IIΩǎ default assumption) when individual solutions are combined. Alternatively, 

the user has the ability to edit the effects of plan combinations manually on a plan by plan basis directly within 

the Plan Editor. 

Automated editing can make the editing process more efficient and time-saving by enabling the user to specify 

multiple non-additive effects when the edit can be described by some logical statement such as, ά²hen 

solution A and solution B are combined, reduce the sum of the cost of (A+B) by ϷмлллΦέ These edits to 

account for non-additive effects will take place as plan combinations are being built. 

To perform an automated edit, see the figures below, the user must complete the following information on 

the Automated Editing form: 

 

Figure 83 

Creating Function for Automated Edits 
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Figure 84 

Creating Conditions for Automated Edits  

 
1. Edit Group Name (Required) - The 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 editing will be 

performed by clicking to select from the pull-Řƻǿƴ ƭƛǎǘ ƴŜȄǘ ǘƻ ǘƘŜ ǾŀǊƛŀōƭŜ ŦƛŜƭŘΦ {ŜƭŜŎǘ άCƻǎǘέ ŦǊƻƳ ǘƘŜ 

pull-down list. 

3. Function (Required) - In this field the user specifies the editing function to be performed on the 

variable. The default function that first appears in the Function field displays IWR Planning Suite IIΩǎ 

ŀŘŘƛǘƛǾŜ ŀǎǎǳƳǇǘƛƻƴΣ ƛΦŜΦΣ ŜŀŎƘ ǎƻƭǳǘƛƻƴΩǎ ǾŀƭǳŜ ŦƻǊ ǘƘŀǘ ǾŀǊƛŀōƭŜ ƛǎ  ŀŘŘŜŘ ǘƻƎŜǘƘŜǊ ǘƻ ȅƛŜƭŘ ǘƘŀǘ 

ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǎƻƭǳǘƛƻƴǎΩ ǾŀƭǳŜ ŦƻǊ ǘƘŀǘ ǾŀǊƛŀōƭŜΦ όLƴ ǘƘŜ ŘŜŦŀǳƭǘ ŎŀǎŜΣ ǘƘŜ άмΩǎέ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ŀ 

ŎƻŜŦŦƛŎƛŜƴǘ ƻŦ м ǿƛƭƭ ōŜ ƳǳƭǘƛǇƭƛŜŘ ōȅ ŜŀŎƘ ƻŦ ǘƘŜ ǎƻƭǳǘƛƻƴΩǎ ǾŀƭǳŜǎΣ ŀƴŘ ǘƘŜ Ŏƻƴǎǘŀƴǘ ƻŦ άлέ ƛƴŘƛŎŀǘŜǎ 

ǘƘŀǘ ƴƻ ŀŘŘƛǘƛƻƴŀƭ Ŏƻƴǎǘŀƴǘ ǿƛƭƭ ōŜ ŀŘŘŜŘ ǘƻ ǘƘŜ ǎƻƭǳǘƛƻƴǎΩ ǾŀƭǳŜǎΤ ǘƘŜǊŜōȅ ŀŘƘŜǊƛƴƎ ǘƻ ǘƘŜ ǇǊƻƎǊŀƳΩǎ 

additive assumption.) 

To edit the default function, the user can change the coefficients as appropriate by clicking in the 

Coefficient column and typing in a new value; and can change the constant as appropriate by clicking in 

the Constant field and typing in a new value. Solution values are multiplied by coefficients; to divide a 

solution value, a decimal coefficient (<1) must be used in the Coefficient column. Similarly, constants 

are added to solution values; to subtract a constant, a negative value must be typed in the Constant 

field. 
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4. All the solution coefficients can remain as 1; however a constant can also be added to this formula.  

5. Conditions (Not required, but usually necessary) - In this field the user specifies under what conditions 

(i.e., where) the editing function is to be performed on the variable to be edited. The default function 

that first appears in the Where: field is άǳƴŘŜǊ all ŎƻƴŘƛǘƛƻƴǎέ or for all action plan combinations. Unless 

you want the automated edit function to be applied to all plan combinations, you will need to change 

the statement in this field. 

To change the Where: conditions, first click on the Ψ/ƭŜŀǊΩ button to delete the default statement in the 

Where: field. Then double-click on the appropriate solution code in the ά{ƻƭǳǘƛƻƴκ5ŜǎŎǊƛǇǘƛƻnέ box to 

insert that solution code into the Where: condition field. Next, select a Boolean operator (AND or OR; 

NOT may be used in conjunction with AND or OR) by clicking on the appropriate button to place that 

operator after the first solution code in the Where: condition statement. Next, select another solution 

code by double clicking on the appropriate code to place it in the Where: field statement. Repeat this 

process of selecting solution codes and Boolean operators until the desired conditions appropriate to 

the automated edit function are specified in the Where: field. Use the parentheses buttons ( ) as 

appropriate. In defining Where: condition statements, those specified within parentheses are 

performed first. Operations are performed in the following order of precedence: NOT statements first, 

followed by AND statements, then OR statements. If you make a mistake, use the backspace button (<-) 

to delete the preceding term or use the Ψ/ƭŜŀǊΩ button to start over.  

6. Click on the ΨVŀƭƛŘŀǘŜΩ button to validate the logical consistency of the Where: condition statement.  

7. The IWR Planning Suite II will automatically verify the validity of the Where: condition statement when 

the user presses ΨOKΩ to close the Automated Edits form. 

You may add or delete groups at this time by clicking the Ψ/ǊŜŀǘŜΩ ōǳǘǘƻƴ to add or selecting an automated edit 

and pressing the Delete key on the keyboard to delete. Clicking the ΨhYΩ ōǳǘǘƻƴ will save the automated edits 

you have defined. 

Plan Generation 
Once a planning study comprised of variables, derived variables, and attr ibutes has been defined by the user, 

the plan generation module is used to populate a new planning set with plan alternatives. The plan generation 

module will automatically generate a Planning Set from a set of solutions and scales using the same 

mechanisms available in the current IWR Planning Suite II application. It generates a planning set directly to 

the IWR Planning Suite II database and, like all the default IWR Planning Suite II modules, this active planning 

set in the database is associated with the current plan study.  
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The solutions, scales, combinability and dependency relationships which together determine the full set of 

plan alternatives which may be generated are defined by the user. Additionally, automated edits, constraint 

groups, and solution sensitivities are defined. 

Generated planning sets will be displayed with some information that will assist planners in managing them 

and keeping them in context. For example, planning sets will include the name of the planning study to which 

they belong. 

Click on the ΨGenerate PlansΩ button available on the Generator ribbon as shown below to launch the 

Generate Planning Set form.  

 

Figure 85 

Launching Generate Plans 

 
This will launch the άDŜƴŜǊŀǘŜ Planning {Ŝǘέ form shown below. 

 

Figure 86 

Generate Planning Set 

 
You may take the default settings of this form and just press ΨOK,Ω and plans will be generated. You may, if you 

wish, define the planning setΩǎ name and description 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 define solution sensitivities sets to be generated and any solutions you wish to exclude by clicking the 

down arrow next to Advanced Options. 
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Figure 87 

Expanding Advanced Options for Generating Planning Set 

 
The user may now make these advanced options selections and then click ΨGenerateΩ to generate the 

planning sets. 

 

Figure 88 

Advanced Options for Generating Planning Set 
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When you press ΨGenerateΩ, the planning set is generated. If there are many solutions and scales defined, this 

may take from several minutes to many hours. A progress bar at the bottom of the Generate Planning Set 

form will display the percentage of plans that have been generated. 

 

Figure 89 

Progress of Generating a Planning Set 

 

Inefficient Plan Removal 

Inefficient Plan Removal, the filtering of all plans except cost-effective plan alternatives, may be applied as an 

option when generating the planning set. To enable inefficient plan removal, ŎƘŜŎƪ ǘƘŜ άwŜƳƻǾŜ ƛƴŜŦŦƛŎƛŜƴǘ 

Ǉƭŀƴǎ ŘǳǊƛƴƎ ƎŜƴŜǊŀǘƛƻƴέ ŎƘŜŎƪōƻȄ ŀǾŀƛƭŀōƭŜ ƻƴ ǘƘŜ DŜƴŜǊŀǘŜ tƭŀƴƴƛƴƎ {et form prior to generation. 

 

Figure 90 

Removing Inefficient Plans During Generation 

 
This option is of value in cases where numerous solutions and scales have been defined, which would result in 

an extremely large set of solution combinations, which may exceed the limits of the database. When this 

option is selected, plan generation only saves cost-effective plans to the database. Further detail on what 

constitutes a cost-effective plan definition may be found in the description of the CE/ICA component. 
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Constraints 
Constraints may be defined to filter a planning set to only those plan alternatives that meet a set of predefined 

criteria. The criteria are minimum and maximum acceptable values for a particular variable. Note that, 

constraints may not be applied to derived variables. 

To constrain a planning set, a planning set name is entered, along with one or more variables to be 

constrained and a minimum and maximum acceptable value for each variable. The application of constraints 

to a planning set will generate a new planning set containing only the plan alternatives that meet the 

constraining criteria. 

Constraints can be defined to limit the a planning ǎŜǘΩǎ alternatives to only those plan alternatives from a 

parent planning set that meet the criteria defined by the constraints. In defining a constrained planning set, 

the user can select any non-derived variables for inclusion in the group. The user then can enter in minimum 

and maximum acceptable values for each variable in which the user would like to constrain. The user can 

leave the fields blank for any variables they do not wish to constrain. 

Click on the Ψ/ƻƴǎǘǊŀƛƴǘǎΩ ōǳǘǘƻƴ on the Home ribbon to launch the Constrain Active Planning Set form. 

 

Figure 91 

Launching Constraints 

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

 

Figure 92 

Constrain Active Planning Set 
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When defining constraints, a default name is provided for the planning set but it is recommended you specify a more 

meaningful name to be used for the constrained planning set. The Constrained Planning Set Name can be 

comprised of any combination of alphanumeric or special characters and can be up to 255 characters in 

length. Next, you would enter a minimum and maximum value for each variable the user wishes to constrain. 

To have multiple variables constrained, simply enter minimum and maximum for the other variables. If the 

ǳǎŜǊ ŘƻŜǎƴΩǘ ǿƛǎƘ ǘƻ ŎƻƴǎǘǊŀƛƴ ǘƘŜ ǇƭŀƴƴƛƴƎ ǎŜǘ ōȅ ŀ ǇŀǊticular variable the minimum and maximum values 

can be left blank. 

Plans of Interest 

Plans of interest are defined as plans that are deemed interesting, and therefore the user desires to keep track 

of them, for some purpose. 

Certain different types of variables or attributes must be associated with a planning alternative and given 

values, either during the manual creation of the planning set, or by the planning set generator, before the set 

may be subjected to subsequent analysis. For example, in order to be processed by the CE/ICA module, each 

plan alternative must have variables, which represent the cost and output measures of the plan. The CE/ICA 

analysis will allow the user to specify which variables of the planning set represent the cost and output 

measures for analysis purposes. 

In the Planning Study Properties form, attributes applicable to the analysis may be defined, such as a plan of 

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

are created, individual plans of interest may be chosen. To do so, the plan of interest visibility of the row is 

marked as Plan Generator. 

Plans of interest are defined by marking the Plan of Interest checkbox in the Plan Editor for each plan deemed 

to be interesting. Each plan alternative has a Plan of Interest attribute, but this attribute is hidden by default. It 

may be displayed by bringing up the Planning Study Properties form, and selecting Plan Generator from the 

Visibility property of the Plan of Interest Attribute. 

 

Figure 93 

Setting Plan of Interest Visibility 
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The Plans of Interest attribute allows the user to specify particular plans as plans of interest. Initially when the 

Plan Editor displays a planning set, the Plan of Interest column will appear blank since no plans of interest 

have yet been defined. 

To enter a plan as a plan of interest, click the Plan of Interest Checkbox on the plan alternative deemed to be 

of interest as shown below. 

 

Figure 94 

Identifying Plans of Interest 

 
To find a particular plan to mark as of interest in a large planning set, click on the funnel-shaped filter icon 

beside the Plan field header and enter the plan name in the Search field and press Enter on the keyboard. 

 

Figure 95 

Filtering Planning Sets by Plan Name 

 
hƴŎŜ ŀƭƭ Ǉƭŀƴǎ ƻŦ ƛƴǘŜǊŜǎǘ ƘŀǾŜ ōŜŜƴ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ǎǳŎƘ ǘƘŜ ǳǎŜǊ Ŏŀƴ ŎƭƛŎƪ ǘƘŜ Ψ{ŀǾŜ /ƘŀƴƎŜǎΩ ōǳǘǘƻƴ ƛƴ ǘƘŜ tƭŀƴ 

Editor to save their changes. 

Sensitivity 
Sensitivity values can be entered at one of two levels ς variable sensitivity and solution sensitivity. Variable 

sensitivity allows the user to enter uniform coefficients for computing all high and low values for a given 

variable (for example, evaluate all cost estimates by +/- 20%). Variable sensitivity values can be changed by 

clicking on the ΨVariable SensitivityΩ button located on the Home ribbon. 
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Figure 96 

Launching Variable Sensitivity 

 
Solution sensitivity allows the user to enter uniform coefficients for computing all high and low values for a 

given variable and solution combination (for example, evaluate all cost estimates for the solution άŘǊŜŘƎƛƴƎέ 

at +/- 20% but all cost estimates for the solution άŀǉǳatic plant ƘŀǊǾŜǎǘƛƴƎέ at +/- 40%). Solution sensitivity 

values can be changed by clicking on the Ψ{ƻƭǳǘƛƻƴ {ŜƴǎƛǘƛǾƛǘƛŜǎΩ button located on the Generator ribbon. 

 

Figure 97 

Launch Solution Sensitivities 

 

Variable Sensitivity 

For variable sensitivity, the high and low variable values entered are uniform coefficients used for computing 

the high and low values for the selected variable. This creates a value range result for that variable. 

If ΨVariable SŜƴǎƛǘƛǾƛǘȅΩ button is selected on the Home ribbon, the Variable Sensitivities form shown below will 

be opened.  
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Figure 98 

Variable Sensitivities 

 
Next you will enter uniform coefficients for computing all high and low values for the corresponding variable. 

Note that low coefficients must always be a real number less than or equal to one including negative numbers 

and high coefficients must be a real number greater than or equal to 1. Once the coefficients have been 

defined, simply click the ΨhYΩ ōǳǘǘƻƴ to save the coefficients. Clicking the Ψ/ŀƴŎŜƭΩ ōǳǘǘƻƴ will simply discard 

any changes and close the form. 

Variable Sensitivity causes the creation of two derived variablesτa high value and low value -- to be added to 

the planning study for each variable. In the resulting planning set, these new variables are filled with the 

respective high and low values indicating the sensitivity range for the variable. In addition to this ability to set 

all the plan alternative variable sensitivities in a study at one time by using high and low coefficients, the 

capability exists through the Planning Study Properties form to change the visibility of low and high variables. By 

default the high and low variable alternatives will be set to visible. 
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Figure 99 

Viewing Low and High Variables 

 

Solution Sensitivity  

Similar to variable sensitivity, the high and low values entered for solution sensitivity are uniform coefficients 

used for computing the high and low values for the selected solution combination. This creates a value range 

result for that solution. When a planning set is then generated to the plan study, hidden high and low value 

variables are added for each variable of each plan alternative in the generated planning set. 

When the ΨSolution SensitivityΩ button on the Generator ribbon is clicked, the Solution Sensitivity form shown 

below will be opened. 
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Figure 100 

Solution Sensitivity 

 
Through this dialog, you may enter uniform coefficients for computing all high and low values for any and 

every given variable and solution combination. As with variable coefficients, low coefficients must always be a 

real number less than or equal to one including negative numbers and high coefficients must be a real number 

greater than or equal to 1. Once the coefficients have been defined, clicking the ΨhYΩ ōǳǘǘƻƴ will save the 

coefficients. Clicking the Ψ/ŀƴŎŜƭΩ ōǳǘǘƻƴ will discard any changes and close the form. 

CE/ICA Analysis 
Cost Effectiveness and Incremental Cost Analysis is described in detail in Section III, άPlan AnalysisΦέ Here is an 

overview of how it is applied within the IWR Planning Suite II application. 

Cost Effectiveness is a method of identifying least-cost solutions for different levels of outputs or benefits. It is 

utilized in planning situations where dollar values are not used to measure outputs. In the absence of 

economic valuation of effects, then, it can lead to more informed and supportable decisions than might cost-

oblivious decision making. 

In a planning set comprised of many plan alternatives, cost effectiveness can support decision-making by 

filtering out and eliminating many plan alternatives that are ineffective and inefficient. Plan alternatives that 

cost the same amount or more compared to plan alternatives that produce the same or more outputs can be 

reasonably discarded, thereby significantly reducing the number of plan alternative options to a more 

manageable subset from which the most viable plan alternative may be chosen. 
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Incremental Cost Analysis is performed by determining the incremental cost per unit between successively 

larger (i.e., more output) plan alternatives, and identifying best buy plans as those plans for which the 

incremental cost per unit is lowest for a particular output level. Incremental cost per unit is defined as the plan 

alternativŜΩǎ incremental cost divided by its incremental output. 

Incremental Cost is the difference in cost between the costs of two plan alternatives. It is determined by 

subtracting the cost of the less expensive plan alternative from the cost of the more expensive plan 

alternative. Incremental output is the difference between the outputs of two plan alternatives. It is 

determined by subtracting the output of the smaller output plan alternative from the output of the larger plan 

alternative. 

The CE/ICA module performs CE/ICA on an active plan set. The existing planning set data will be evaluated to 

generate results, which may be filtered down to a preferred set of plans. 

The CE/ICA analysis module is capable of processing plans from any of the planning sets in the current plan 

study in the IWR Planning Suite II database. Results may be generated as a planning set directly to the IWR 

Planning Suite II database, from which they may be edited, reported on or graphed, printed, used as input to 

additional analyses, or exported to a file. 

The CE/ICA analysis form will accept active planning sets in the IWR Planning Suite II database, those 

generated by the plan generator or using user-entered sets, watershed sets and uncertainty sets. The analysis 

results will be output as an active planning set to the IWR Planning Suite II database, from which it may be 

exported if desired. The default ά/ƻst 9ŦŦŜŎǘƛǾŜέ attribute is made visible in the resulting planning set to 

indicate the cost-effectiveness or άōŜǎǘ ōǳȅέ status of each of the plan alternatives from the analyzed planning 

set. 

Open the CE/ICA Analysis form now by clicking on the ΨPerform CE/ICAΩ button on the Home ribbon to 

generate a new analysis planning set from the current generated planning set. The same steps may be 

followed to perform an analysis on User-Entered planning sets that were manually entered through the plan 

editor.  

 

Figure 101 

Launching CE/ICA 

The CE/ICA analysis will be completed automatically for Watershed Analysis following generation of the 

planning set. Once the set has been generated then the form to complete the CE/ICA will display for the user. 

The user can select the Cost and Output variables to be used and then click the ΨAnalyzeΩ button to continue 

with the CE/ICA Analysis. 
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Figure 102 

Performing CE/ICA for Watershed Analysis 

 
The description field is an optional field that allows the user to give a better description of the CE/ICA set. 

Note that the description can be up to 500 characters in length. Enter ά/9/ ICA run on Combined Output of All 

Cover ¢ȅǇŜǎέ in the space provided for the Plan Study description now. The cost parameter field is a drop-

down list populated with the defined variables. IWR Planning Suite II will use the selected cost variable as the 

Y-axis variable for all analyses. The cost parameter is what is used in all cost effectiveness and incremental cost 

calculations. Select ά/ƻǎtέ as the cost parameter now. As with the cost parameter, the output parameter field 

is a drop-down list populated with the defined variables. IWR Planning Suite II will use the selected variable as 

the X-axis variable for all analyses. The output parameter is also used in all cost effectiveness and incremental 

cost (incremental cost per unit of output) calculations. Select ά¢ƻǘŀƭhǳǘǇǳǘέ as the output parameter as shown 

below. 
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Figure 103 

Selecting Cost and Output Variables 

 
As soon as an analysis planning set has been built, it will become the active planning set. The active planning 

set is selected in the Planning Sets pane and displayed in the Plan Editor.  

 

Figure 104 

Viewing CE/ICA Results 

A particular analysis module will usually require certain variables or attributes, such as cost and value 

attributes, which are prerequisite components of every plan alternative in the planning set. A default ά/ƻǎǘέ 

and άhǳǘǇǳǘέ variable are automatically created for new plan studies to support the intrinsic CE/ICA analysis 

module. 

Uncertainty CE/ICA Analysis 
CƻǊ ¦ƴŎŜǊǘŀƛƴǘȅ !ƴŀƭȅǎƛǎ ǘƘŜ /9κL/! ǿƛƭƭ ōŜ ŎƻƳǇƭŜǘŜŘ ǘƘǊƻǳƎƘ ǳǎŜ ƻŦ ǘƘŜ ΨtŜǊŦƻǊƳ /9κL/!Ω ōǳǘǘƻƴ ƭƻŎŀǘŜŘ ƻƴ 

the Uncertainty ribbon. tƭŜŀǎŜ ƴƻǘŜ ǘƘŀǘ ǘƘŜ ΨtŜǊŦƻǊƳ /9κL/!Ω ōǳǘǘƻƴ ƻƴ ǘƘŜ ¦ƴŎŜǊǘŀƛƴǘȅ Ǌƛōōƻƴ ǿƛƭƭ ǊŜƳŀƛƴ 

disabled until an uncertainty set has been generated. 

 

Figure 105 

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 the number of times each plan alternative was calculated to be a Cost Effective or Best Buy 

alternative. 

The CE/ICA form for uncertainty sets looks almost identical to the CE/ICA for non-uncertainty planning sets.  

The only difference is an additional option to perform Data Envelopment Analysis which is selected by 

default.  

 

Figure 106 

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 frontier and store quantitative metrics of this distance.  In order to 

ŘŜŎƭŀǊŜ ŀ Ǉƭŀƴ ŀƭǘŜǊƴŀǘƛǾŜ ǘƻ ōŜ ΨbŜŀǊ /ƻǎǘ 9ŦŦŜŎǘƛǾŜΩΣ ǘƘŜ Ǉƭŀƴ ŀƭǘŜǊƴŀǘƛǾŜ Ƴǳǎǘ ƴƻǘ ŜȄŎŜŜŘ ǘƘŜ ǳǎŜǊ-specified 

threshold (0 ς 1 with 1 being on the efficient frontier) for both cost and output values.  As with CE/ICA, the 

Ŧƛƴŀƭ ǇƭŀƴƴƛƴƎ ǎŜǘ ǿƛƭƭ ŘƛǎǇƭŀȅ ǘƻǘŀƭ Ŏƻǳƴǘǎ ŦƻǊ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǘƛƳŜǎ ŜŀŎƘ ŀƭǘŜǊƴŀǘƛǾŜ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ǘƻ ōŜ ΨbŜŀǊ 

/ƻǎǘ 9ŦŦŜŎǘƛǾŜΩΦ 

Analysis Results 
The Analysis Results function of IWR Planning Suite II provides a variety of graphical and textual reports for the 

planner to assist in the evaluation of plan alternatives. Reports can be generated from the IWR Planning Suite 

II database of the active planning set, or selected from the entire set of analysis results for multi-planning set 

reports. Users can access the available reports and graphs related to the CEICA analysis by clicking on the 

ΨDǊŀǇƘǎ ϧ wŜǇƻǊǘǎΩ ōǳǘǘƻƴ on the Home ribbon. 
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Figure 107 

Launching Graphs & Reports 

 

The reporting and graphing capabilities are intended to be performed on the results of a CE/ICA analysis. 

However, these reports are more broadly applicable to any analytic technique that associates appropriate 

output variables and attributes to the plan alternatives. When a report or graph is chosen for display, the user 

will be asked to select the appropriate parameters, such as filtering by cost effective plans, needed to 

generate the report or graph. 

Available reports include a total and average cost report, an incremental cost analysis report, an άIs it worth 

ƛǘΚέ report, and an ά!ƭƭ VariabƭŜǎέ report. 

 

Figure 108 

Viewing Single Set Reports 

Graph options include graphs of All Plans, Cost Effective and Best Buy plans. All plans and cost effective plans 

may also be graphed in a differentiated format (i.e., differentiated between non-cost effective, cost effective, 

and best buy plans). The best buy plans graph is viewable as a Cartesian (x,y) coordinates graph, as a box 

graph, and other formats including three dimensional visualization graphs. 
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Figure 109 

Viewing Single Set Results 

 

Single Planning Set Results 

Once at least one planning set has been analyzed, you may view the analysis results. Such results are called 

ά{ƛƴƎƭŜ Planning Set wŜǎǳƭǘǎΦέ The available single planning set graphs are displayed by default when the 

CEICA Results Viewer is opened. 

Graph Single Planning Set Results 

The first step in selecting a graph to view is to specify which analysis planning set to graph. To do this, select 

the desired planning set from the άtƭŀƴƴƛƴƎ {Ŝǘέ dropdown list. 
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Figure 110 

Selecting a Planning Set for Graphing and Reporting 

 
Next, the user must specify which type of graph to view by clicking the corresponding Graph Type. For some 

reports, the user may also select a subset of analysis results to graph by clicking appropriate options in the 

άtƭŀƴ !ƭǘŜǊƴŀǘƛǾŜǎ ǘƻ DǊŀǇƘέ ƎǊƻǳǇΦ CƻǊ ǎƻƳŜ ǊŜǇƻǊǘǎΣ ǘƘŜ 5ƛŦŦŜǊŜƴǘƛŀǘŜŘ ŎƘŜŎƪōƻȄ Ƴŀȅ ŀƭǎƻ ōŜ ŎƘŜŎƪŜŘΣ 

indicating that non-cost 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 the Ψ±ƛŜǿΩ ōǳǘǘƻƴ will display the graph. 

An example of a Cartesian (x, y) All Plans Differentiated graph for a CE/ICA analysis planning set is shown 

below.  

 

Figure 111 

Example Cartesian Graph Following CE/ICA 




















































































































































































































