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Coastal Protection and Restoration Authority  

This document was prepared in support of the 2017 Coastal Master Plan being prepared by the 

Coastal Protection and Restoration Authority (CPRA).  CPRA was established by the Louisiana 

Legislature in response to  Hurricanes Katrina and Rita through Act 8 of the First Extraordinary 

Session of 2005. Act 8 of the First Extraordinary Session of 2005 expanded the membership, duties , 

and responsibilities of CPRA and charged the new authority to develop and implement a 

c omprehensive coastal protection plan, consisting of a master p lan (revised every five  years) 

and annual plans.  CPRAõs mandate is to develop, implement, and enforce a comprehensive 

coastal protection and restoration master p lan.  
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Executive Summary  

Motivation  

Coastal Louisiana faces long -term sustainability challenges due to severe coastal land loss and 

increasing flood risk. For more than four  decades, national  and state government ag encies, 

state and local organi zations, corporations, and citizenõs groups have invested significant 

resources in mostly local -scale ecosystem restoration and levee protection . The continuing land 

loss ð at a rate of about 17 square miles annually  (Couvillion et al., 2011)  ð and tremendous 

impacts from t he 2005 hurricanes reemphasized  that more action was required  and that to be  

effective it would need to be coordinated as part of a comprehensive plan.  

Following the devastating 2005 hurricane season, Louisiana release d  its 2007 Comprehensive 

Master Plan (CPRA, 2007). The 2012 Coastal Master Plan  (CPRA, 2012) built on the 2007 Co astal 

Master Plan and introduced a new planning framework and Planning Tool to formulate a 50 -

year, $50 billion investment plan.  

For the 2017 Coastal Master Plan, CPRA updated  its 50-year estimates of coastal conditions 

reflecting recently implemented  projects and improved data and modeling. An updated  

Planning Tool re -evaluat ed  the projects selected for the 2012 Coastal Master Plan along with 

new projects proposed by stakeholders through a structured process completed in 2014. The 

updated Planning Too l also was  used to help formulate and evaluate a more refined set of 

nonstructural risk reduction projects.  Lastly, the Planning Tool was used in an iterative  process to 

define alternatives ð sets of risk and restoration projects designed to address CPRA c oast wide 

objectives. The final alternatives then provided the basis for the 2017 Coastal Master Plan.  

CPRA Planning Tool  

The CPRA planning framework combines  two sets of analyti c capabilities: integrated models  of 

the coastal system and a planning t ool . Together, they are used to iteratively support the 

development of the 2017 Coastal Master Plan . Figure 1 illustrates the framework.   
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Figure 1: CPRA Analytic Framework.  

Source: Groves et al. (2013) . 

Analysis begins by using the sy stems models to evaluat e how proposed coastal restoration and 

risk reduction  projects would individually affect the coast over the next 50 years relative to no 

action for multiple future scenarios. Additional calculations provide  rough assessments of effects  

on navigation, communities , the oil and gas industry, fisheries, and other key assets.  

The modelsõ results serve as inputs to the Planning Tool, a computer-based decision support 

software system, along with planning constraints such as availabilit y of sediment, available 

funding over the next five decades, and the preferences of the CPRA Board  and stakeholders. 

The Planning Tool uses optimization to identify alternatives comprised of the projects that build  

the most  land and reduce  the most flood r isk while meeting funding and other  planning 

constraints  (such as sediment and project compatibilities)  and stakeholder preferences. The 

Planning Tool generates interactive visualizations that summarize information about individual 

projects and alternative s.  

In the last step, the systems models evaluate together alternatives defined by the Planning Tool  

and informed by stakeholder and decision maker preferences . The specific projects for the final 

alternative from the Planning Tool and the outcomes estimates by the systems models provide 

key information to describe the master plan and its effects on the coast.  

Planning Tool Support for the 2017 Coastal Master Pl an  

This approach helped bring the best available scientific information and stakeholder input to 

support the development of the next edition of Louisianaõs coastal master plan . Specifically, t he 

framework, systems models, and Planning Tool help ed  CPRA design a n updated  multi -billion, 50 -

year investment plan to address Louisiana coastal land loss and flood risk challenges , as 

described in the 2017 Coastal Master Plan .  

To do so, they consider ed  how the coast would change in the coming five decades with 

respe ct to a wide range of ecological and flood outcomes. These changes are impossible to 
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predict with certainty, so the framework, models, and tool evaluate d  different scenarios 

representing different plausible futures. The systems models then evaluate d  hundre ds of different 

projects individually and then as groups of projects  ð or alternatives. Summaries of these results 

and other data were provided as inputs to the Planning Tool.  

The Planning Tool next developed several rounds of alternatives. In the first  round , the Planning 

Tool was used to  identif y the restoration projects that would maximize coast wide land and the 

risk reduction projects that would maximize reduction in coast wide flood risk. Different 

alternatives were developed for several funding an d environmental scenarios. CPRA then 

reviewed the results of these alternatives and chose to  focus on a $50 billion funding level and to 

prefer projects that performed best for the least optimistic of the three environmental scenarios.  

In the next round of  alternatives, CPRA added some additional refinements so that the Planning 

Tool would select projects in a way that was more consistent with CPRA objectives. For example,  

the Planning Tool was modified to select sediment diversion projects for implementati on only  in 

the first 30 years. The Planning Tool also evaluated the sensitivity of project selection to objectives 

that emphasized certain metrics  such as  brown shrimp habitat. These sensitivity evaluations did 

not lead CPRA to make any permanent adjustmen ts to how projects were selected for the 

master plan . 

After several rounds of alternative formulation, CPRA selected a few alternatives to be modeled 

as complete plans by the systems models. The Planning Tool then compared the model -

estimated alternative  outcomes to the alternative outcomes estimated by the Planning  Tool. 

These comparisons showed reasonable agreement, suggesting that the Planning Tool 

simplifications a re acceptable.   

Throughout the analysis, t he Planning Tool present ed  the results of these analyses to CPRA and 

stakeholders through interactive computer -based visualizations to support deliberations over the 

many different alternatives . This process helped CPRA define the Draft 2017 Coastal Master Plan , 

which was then updated  in response to sta keholder feedback to become the 2017 Coastal 

Master Plan .  

The 2017 Coastal Master Plan is a roughly $50B package, comprised of  approximately : 

¶ $25B of risk reduction projects  

¶ $23.5B of restoration projects  

¶ $1.5B barrier island program  

The master plan significantly limits the risk by year 50 to between $ 2 billion and $8 billion  per year , 

as compared to a range of $ 7 billion to $20 billion per year without the master p lan  for the 

Medium to H igh Environmental Scenarios . The master p lan also increases land , partially offsetting 

projected declines. For the midd le scenario evaluated, the m aster p lan avoids about 35 percent 

of the p rojected land loss without the m aster p lan. For the lower scenario, the m aster p lan 

avoids about 28 percent of the projected land loss without the master p lan.  
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1.0 Introduction  
 

Coastal Louisiana faces long -term sustainability challenges due to severe coastal land loss and 

increasing flood risk. For more than four  decades, national and state government ag encies, 

state and local organi zations, corporations, and citizenõs groups have invested significant 

resources in mostly local -scale ecosystem restoration and levee protection . The continuing land 

loss ð at a rate of about 17 square miles annually  (Couvillion et al., 2011)  ð and tremendous 

impacts from t he 2005 hurricanes reemphasized  that more action was required  and that to be 

effective it would need to be coordinated as part of a compreh ensive plan.  Following the 

devastating 2005 hurricane season, Louisiana release d  its 2007 Comprehensive Master Plan  

(CPRA, 2007). The 2007 Coastal Master Plan set a new course for Louisiana by defining four high -

level objectives to guide development of a c omprehensive strategy:  

 

¶ Reduce economic losses from storm based flooding to residential, public, industrial, and 

commercial infrastructure, assuring that assets are protected, at a minimum, from a storm 

surge that has a 1% chance of occurring in any given  year.  

¶ Promote a sustainable coastal ecosystem by harnessing the processes of the natural 

system.  

¶ Provide habitats suitable to support an array of commercial and recreational activities 

coast  wide.  

¶ Sustain, to the extent practicable, the unique heritage  of coastal Louisiana by protecting 

historic properties and traditional living cultures and their ties and relationships to the 

natural environment.  

 
These objectives were developed to guide the stateõs long-term infrastr ucture investments on 

the coast . The 2007 Coastal  Master Plan did not, however, provide a quantified comparison of 

costs and benefits for the many proposed projects, consider a wide variety of fut ure scenarios, 

or define a pre ferred set of projects to meet these long -term goals.  The plan also considered 

many general project concepts, rather than specific projects with defined physical attributes 

and costs.  

The 2012 Coastal  Master Plan (CPRA, 2012) built  on the 2007 Coastal Master Plan  and introduced 

a new planning framew ork to formulate a 50-year, $50 billion  investment plan. To guide the 

planning process , CPRA refined the 2007 Coastal Master plan objectives to the following five:  

¶ Flood Protection  ð Reduce economic losses from storm -based flooding ; 

¶ Natural Processes  ð Promote a sustainable ecosystem by harnessing the processes of the 

natural system ; 

¶ Coastal Habitats  ð Provide habitats suitable to support an array of commercial and 

recreational activities coast wide ; 

¶ Cultural Heritage ð Sustain Louisianaõs unique heritage and culture; and  

¶ Working Coast  ð Support regionally and nationally important businesses and industries . 

CPRA also supported the development of new systems models , to augment existing ones,  and  a 

Planning Tool  to objectively evaluate and compare projects and formulate groups o f projects  

(i.e., alternatives) . CPRA used the Planning Tool in an iterative process with stakeholders to 

evaluate differences  among various alternatives and define the final 2012  Coastal  Master Plan.  
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CPRA has developed the 2017  Coastal  Master Plan, which  build s on the 2012 Coastal Master 

Plan by refining project choices based on new project options, new data and models, and an 

updated Planning Tool.  

1.1 Challenges in Formulating a Long -Term Master Plan for Louisiana  

There are numerous challenges that Louisian a is addressing to develop a long -term coastal 

master plan.  

1.1.1 Louisiana Coast Supports Diverse Communities and Natural Resources  

Coastal Louisiana is a working coast. It is home to  over two  million  people and is endowed with a 

large diversity of natura l resources, many of which sup port economic and recreational activities. 

The dynamic deltaic coast provides vital habitat to hundreds of aquatic and terrestrial species. 

The coast is also home to large cities, such as New Orleans, with significant existing f lood control 

infrastructure co nstructed by the federal gov ernment, and regional centers , such as Houma, 

that have little or none; what protection does exist is often constructed and maintained solely by 

local levee boards. There are also numerous rural and  isolated communities. Any decision that 

affects a community and the environment is subject to debate ov er goals , priorities, and 

resource allocation.  

1.1.2 Coastal Systems are Complex and will Change in Uncertain Ways  

The coastal system is dynamic and interconnected. How it will change in the coming decades is 

highly uncertain. Drivers of change, such as r ates of sea  level rise, subsidence , and erosion ; 

future hurricane activity;  hyd rologic fluctuations and trends; and future human activities are all 

but impossible to predict in the long run, despite our best scientific understanding of these 

processes. The  ecosystem, species, and societyõs responses to these drivers thus will remain 

exceedingly difficult to predict. The specific effects that coastal investments in restoration or risk 

reduction projects could have on the coast are therefore similarly uncertain.  

1.1.3 Wide Range of Approaches to Address Challenges  

There are many approaches that could be taken to address these c hallenges, each with 

different costs and potential effects on the coast. Options to reduce coastal land loss include 

mechanical projects tha t move sediment to rebuild land  to more process -based approaches of 

diverting sediment -rich floodwaters to wetlands in need of sediment nourishment. Other projects 

target specific areas of need, including bank stabilization, barrier islan d restoration,  oyster barrier 

reef  development , ridge restoration,  and shoreline protection.  Similarly, flood risk can be 

reduced by n ew or improved physical structures, such as levees and floodgates that are 

designed to block or reroute water.  Nonstructural risk reduction measures, such as floodproofing 

or elevating structures , can reduce risk by increasing the resistance of structures to flooding. 

Acquisitions of property can also reduce risks by removing assets that could be damaged in a 

flood .  

1.1.4 Hard Decisions  

Louisiana faces hard decisions ; there is no single solution that will solve every challenge facing 

the coast. Some activities and ecosystems face greater sustainability challenges than others. In 

some cases, decisions to focus investment in some areas and not in others will need to be made.  

For the 2012 Coastal Master Plan , CPRA made a commitment to using the best available 

science in a transparent manner to help inform these necessary decisions . CPRA continued this 
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commitment with the 2017 Coastal Master Plan  by furthering its efforts in data  collection , systems 

modeling, the Planning Tool, and public outreach.  

1.2 CPRA Planning Framework and Tool  

The 2012 Coastal Master Plan  introduced a new planning framework and decision support tool 

called the Planning Tool to enable the state to objectively and transparently formulate a long -

term plan. In this framework, a suite of systems mod els are  used to estimate how the coastal 

system and associated flood risks would  change over the next 50 years under different scenarios, 

reflecting uncertainty about key drivers, such a sea level rise. The models also estimate the 

effects of different res toration and risk reduction projects on a wide range of outcomes.  

These models generate a tremendous amount of information relevant to the development of 

the master plan. The model data,  planning constraints , and stakeholder preferences are input to 

the Planning Tool , and it is used to compare projects and formulate alternatives to support 

deliberations.  

1.2.1 Use of Planning Tool to Support the 2012 Coastal Master Plan  

The 2012 Coastal  Master Plan used the Planning Tool to compare hundreds of restoration and ris k 

reduction projects and define a 50 -year, $50 billion master plan  (CPRA, 2012; Groves, Sharon, & 

Knopman, 2012) . To help arrive at this outcome, t he Planning Tool helped support four sets of 

deliberations  aro und the following questions : 

1. Comparison of individual risk  reduction and restoration projects : Which fl ood risk  

reduction and restoration projects are most consistent with the objectives of the 2012 

Coastal Master Plan?  

2. Formulation of alternatives : What a lternatives (made up of groups of individual projects) 

can be implemented over a 50 -year period to best achieve the objectives of the  2012 

Coastal  Master Plan, given constraints on funding, s ediment resources, and river fl ow?  

3. Comparison of alternatives : When compared across all the objectives of the  2012 

Coastal  Master Plan, which alternative is preferred?  

4. Evaluation of uncertainty : How will the  2012 Coastal  Master Plan perform, relative to its 

objectives, across several future environmental scenarios?  

 

Specifically, CPRA first used the Planning Tool to help assess the overall benefits and costs of 

hundreds of proposed protection and restoration projects. CPRA next used the Planning Tool as 

part of an iterative participatory decision process to develop a large set of different alternatives  

and then identify a small set  of alternatives that were con sidered as the foundation of the 2012 

Coastal  Master Plan. There is no òcorrectó alternative, and the Planning Tool is designed to 

formulate many alternatives an d summarize the key differences among them. These selected 

alternatives were then run through the systems models again and re -evaluated to better 

understand synergies and  differences  among the included projects. 1 

After discussions a mong CPRA management and  stake holders and iterations with the Planning 

Tool, CPRA defined a s ingle alternative for the Janu ary 2012 draft of the coastal m aster p lan . The 

draft 2012 Coastal Master Plan was released on January 12, 2012, for public review and 

comment. CPRA held thre e all -day public meetings and more than 50 meetings with community 

                                                      

 
1 The re-evaluation of the 2012 Coastal Master Plan using the systems models occurred after the 

publishing of the master plan.  
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groups, parish officials, legislators, and stakeh older groups. Thousands of com ments were 

received and reviewed , and some of the underlying information on the individual projects was 

update d for accuracy.  

Based on this stakeholder input, t he Planning Tool was used again to evaluate how adjustments 

to the included projects and their implementation timing would change final outcomes. Based 

on a review of this new analysis, refinements were mad e and the final  2012 Coastal  Master Plan 

was completed. The Louisiana legislature subsequently approved the final 2012 Coastal Master 

Plan unanimously in May 2012  (CPRA, 2012).  

The following three figures summarize key decisions and final outcomes of the  2012 Coastal  

Master Plan. Figure 2 shows how 2012 Coastal Master Plan funding is allocated across different 

project types and the number of projects for each type; 109 projects plus the nonstructural 

program are included in the final alternative. Notably, about 20 % of the total funding ($10. 2 

billion) is allocated to nonstructural risk  reduction projects coast  wide , and $ 3.8 billion of funding 

is allocated to 11 different sediment  diversion projects.  

 

Figure 2: 2012 Coastal Master  Plan Funding Allocation across  Project Types . 

Note: Indicated values are in 2010 U.S. dollars.  The number of projects  is indicated in 

parentheses.  

Figure 3 shows that the implementation of the  master p lan is projected to dramatically decrease  

expected annual damage ( EAD)2 from coast  wide flooding, from a currently esti mated annual 

level of $2.2 bil lion today to between $2.8 billion and $4.8 billion in year 50 with the full 

implementation of the  2012 Coastal  Master Plan. Without the 2012 Coastal  Master Plan in place, 

EAD could exceed $20 billion under the less optimistic scenario. Note that the projected 

                                                      

 
2 EAD represents the average damage estimated to occur from a storm surge based floo d 

event in any given year, taking into account both the projected chance of a storm occurring 

and the damage that would result.  



2017 Coa stal Master Plan: Planning Tool  

 Page | 5 

reduction in risk from the 2012 Coastal Master Plan would be due to both restoration and risk 

reduction projects.  

 

Figure 3: Reduction in Coast Wide Risk with and without the 2012 Coastal Master Plan . 

Source: Coastal Protection and Restoration Authority  (2012). 

Figure 4 graphically illustrates this flood risk reduction  under the less optimistic sce nario 

assumptions by showing the change in future 100 -year flood depths  ð or flood depths that wo uld 

have a 1 % chance of occurring in any year  ð with the  2012 Coastal  Master Plan in place, as 

compared to a future without action  (FWOA) . The areas marked in blue face deeper levels of 

flooding; areas marked in orange face less flooding. Of note are the d ramatically reduced flood 

depths projected in New Orleans, a result of several upgrades to the existing system (itself 

substantially upgraded since Hurricane Katrina). The extensive construction of new levees over 

broad areas of the central coast could als o provide substantial flood depth reduction of 

between four and 12 feet for 1 % annual exceedance probability  events, given the assumptions 

of the less optimistic scenario.  
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Figure 4: Reduction in 100 -Year Flood Depths in 50 Years due to 2012 Coastal Master Plan (Less 

Optimistic Scenario) . 

Source: Fischbach et al. (2012, fig. 10.6) . 

Compared to the FWOA, the restoration projects included in the  2012 Coastal  Master Plan could 

bui ld between 580 and 800 square miles of land over the next 50 years, depending on future 

conditions, as illustrated in Figure 5. For the moderate scenario, net land loss would be  halted in 

about 20 years , and coast wide land would then begin  to  increas e for  the remaining  30 years. 

For the less optimistic scenario, net land loss would still continue but at about half the rate as 

without the  2012 Coastal  Master Plan. If future conditions are more like those represented by the 

less optimistic scenario, addition al investments would need to be made to achieve sustainability 

of the landscape . 
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Figure 5: Change in Land Area with and without the 2012 Coastal Master Plan . 

Source: Groves et al. (2013). 

1.2.2 Use of Planning Tool to Support the 2017 Coastal Master Plan  

Since the 20 07 Coastal Master Plan, CPRA has procured nearly $ 15.5 billion  to support planning, 

engineering and design, and construction o f 94 restoration and protection projects.  Scientific 

understanding of coastal processes, how the coast will evolve in the future, and the effects of 

coastal investments continue  to  be incomplete. As such, CPRA has continued to invest in data, 

modeling, and the Planning Tool.  

For the 2017  Coastal  Master Plan, CPRA updat ed  its 50-year estimates of coastal conditions 

reflecting the new projects that have begun and improved data and mo deling. The Planning 

Tool re-evaluat ed  the projects selected for the 2012  Coastal  Master Plan along with new projects 

proposed by stakeholders through a structured process completed in 2014. In addition , a small 

set of projects that was  high performing but  not selected in 2012 due to the budget constraint, 

was also re-evaluated. The Planning Tool was  used to help formulate and evaluate a more 

refined set of nonstructural risk reduction projects.  In total, CPRA evaluated the performance of 

155 specific risk reduction and restoration projects and nonstructural options for 54 coastal 

regions with respect to more than 50 ecosystem and risk metrics.  

Lastly, the Planning Tool was used in an iterative p rocess to define risk and restoration 

alternatives  over three environmental scenarios, six funding scenarios, and a range of different 

other planning consideration. The final alternatives then provide d  the basis for the 2017 Draft  

Coastal  Master Plan  and t he 2017 Coastal Master Plan .  

1.3 Purpose of this Report  

This report  describes the planning framework and Planning Tool, details the methodology, and 

describes how it  was  used to help formulate the 2017  Coastal  Master Plan. It is designed to 
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augment the 2017 C oastal Master Plan  and its other relevant appendices 3 by providing analytic 

details relevant to the planõs development and serving as a reference for the underlying 

analysis. The intended audience  of the report includes CPRA planners and management, 

stakeh olders, and any reader of the 2017 Coastal Master Plan interested in better understanding 

the technical details of the Planning Tool analysis.  

2.0 Planning Tool Methodology  
 

The CPRA planning framework combines  two sets of analyti c capabilities: integrated models  of 

the coastal system and a Planning Tool . Together, they are used to iteratively support the 

development of the 2017 Coastal Master Plan . Figure 6 illustrates the framework in flowchart 

form.   

 

 

Figure 6: CPRA Analytic Framework . 

Source: Groves et al. (2013) . 

The beginning of the process is represented at the top left of the flow chart. Analysis begins by 

using the systems models to evaluat e how proposed coastal restoration and risk reduction  

projects would individually affect the coast over the next 50 years relative to no action for 

multiple future scenarios. Specifically , the systems models estimate  the effects that each project 

would have on the coastal landscape, including barrier islands and wetlands; on future stor m 

surges, waves, flooding, and flood damage; and on ecosystem characteristics, including 

habitats for different aquatic and land -based species. Additional calculations provide  rough 

                                                      

 
3 Appendices o f interest include: Appendix A: Project Definition , Appendix C: Modeling, and  

Appendix E: Flood Risk and Resilienc e Program Framework . 
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assessments of impacts on navigation, communities , the oil and gas industr y, and other key 

assets.  

The modelsõ results serve as inputs to the Planning Tool, a computer-based decision support 

software system, along with planning constraints such as availability of sediment, potential 

funding over the next five decades, and the p references of the CPRA Board  and stakeholders. 

The Planning Tool uses optimization to identify alternatives comprised of the projects that build  

the most  land and reduce  the most flood risk while meeting funding and other  planning 

constraints and stakehold er preferences. The Planning Tool generates interactive visualizations 

that summarize information about individual projects and alternatives.   

In the last step, the systems models evaluate together one or a few alternatives defined by 

CPRA, informed by sta keholders and the Planning Tool. The specific projects for the final 

alternative from the Planning Tool and the outcomes estimates by the systems models provide 

key information to describe the master p lan and its effects on the coast.  

This section describ es the Planning Toolõs theoretical basis, scope of analysis, structure, key 

inputs, and specific methods for performing its key functions.  

2.1 Theoretical Basis 

The Planning Tool brings together several well -established planning methodologies in a 

customized w ay to meet Louisianaõs planning needs . Specifically, t he Planning Tool combines 

elements of M ulti-Criterion Decision Analysis (MCDA)  and Robust Decision Making (RDM) within 

an overarching deliberation -with -analysis process . 

The National Research Council (NRC) recommends a deliberation -with -analysis approach (NRC, 

2009) to support complex environmental planning challenges. This approach uses data and 

models not to recommend a specific course of action, but rather to help artic ulate potential 

outcomes among different reasonable courses of action over plausible futures. These results are 

then presented to decision  makers and stakeholders to support their deliberations. The Planning 

Tool supports this process by using the results of the systems models and other planning data to 

make comparative calculat ions and formulate alternatives  and then present interactive 

visualizations to CPRA and stakeholders as they make decisions about which projects to include 

in the  2017 Coastal Master  Plan. 

The Planning Tool generates  alternatives that maximize the goals of the 2017 Coastal  Master 

Plan while satisfying a wide range of constraints. MCDA (Keeney & Raiffa, 1993; Lahdelma, 

Salminen, & Hokkanen, 2000; Kiker et al., 2005; Linkov et al., 2006 ) is a standard approach to 

defining alternatives that conform  to a set of preferences, as reflected by a corresponding set of 

weights. Challenges applying standard MCDA to Louisianaõs coastal planning problem include:  

¶ Evaluating interactions, synergies, and conflicts among different projects , 

¶ Developing quantifiable coastal performance metrics that can be placed on a 

consistent scale for comparison , 

¶ Interpreting the meaning of a single objective function compris ed of tens of different 

metrics, and  

¶ Deriving weights for each metric that represent the wide range of stakeholder views.  

The Planning Tool, therefore, uses a simplified MCDA  methodology. Rather than including a ll 

decision drivers within an  objective function, the Planning Tool uses a simple and eas ily 

understood objective function made up of only mid -term and long -term risk reduction and land 
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building , with a corresponding set of weights that equally balances across all four factors . It 

considers other coastal outcomes as constraints  (Romero, 1991) . The Planning Tool then uses 

standa rd mixed -integer pro gramming  (MIP) methods (Schrijver, 1998)  to maximize the objective 

function subject  to funding and other planning constraints.   

To address the significant uncertainty in estimating future coastal conditions, the  Planning Tool 

supports the compar ison of  projects and formulates alternatives based on estimates of future 

coastal conditions f or different future scenarios. RDM techniques help evaluate the various 

alternatives and suggest a robust, adaptive alternative (Groves & Lempert, 2007; Lempert et al., 

2013; Lempert, Groves, Popper, & Bankes, 2006; Lempert, Popper, & Bankes, 2003).  Specif ically, 

RDM helps identify near -term projects for implementation and specific pathways for future 

investment based on the evolution of future conditions. The following sections describe how 

these methodologies are used to support the 2017 Coastal Master Pl an.  

2.2 Scope of Analysis  

The 2017 Coastal Master Plan framework , systems models,  and Planning Tool are  designed to 

help CPRA design a multi -billion, 50 -year investment plan to address Louisiana coastal land loss 

and flood risk challenges. To do so, they  consi der how the coast would change in the coming 

five decades with respect to a wide range of ecological and flood outcomes . These changes 

are impossible to predict with certainty, so the framework , models,  and tool evaluate different 

scenarios representing di fferent plausible futures. The systems models then evaluate hundreds of 

different projects individually and then as groups of projects  ð or alternatives . Summaries of these 

results are provided to the Planning Tool . The Planning Tool presents  the results o f these analyses 

to CPRA and stakeholders through interactive computer -based visualizations to support 

deliberations over the many different  approaches.  

2.2.1 Time Horizon and Granularity  

The CPRA Planning Tool evaluates projects and alternatives over a 50 -year  time horizon , starting 

from  an  initial condition out to  50 years into the future .  

As described below, the Planning Tool receives estimates about future conditions for specific 

slices in time. For ecosystem -related metrics, the models produce yearly estimates, but provide 

estimates to the Planning Tool at five year intervals , which was viewed as sufficient to capture 

temporal variability of the ecosystem outcomes . For risk-related metrics, risk models estimate  risk 

for initial condition s and years 10, 25, and 50  only . Data at each of these time slices are provided 

to the Planning Tool.  

For restoration projects, t he Planning Tool uses three defined periods of implementation; the first 

being 10 years long and the second two each being 20 years long:  

¶ Implementation Period 1: Years 1 ð 10  

¶ Implementation Period 2: Years 11 ð 30 

¶ Implementation Period 3: Years 31 ð 50  

CPRA specified that the first implementation period be ten years long. This length is sufficiently 

long to accommodate the engineering, de sign, and construction time of most of the projects 

under consideration. It is also short enough to represent a set of near -term decisions. The 

remaining forty years was then divided evenly  into two additional implementation periods . 
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The Planning Tool comp ares restoration projects and formulates alternatives by considering the 

effects of projects on the coast at two time slices:  

¶ Near -term: year 2 0 

¶ Long -term: year 50  

The two periods were selected to explicitly represent CPRAõs objective to consider both near-

term  and long -term benefits of the m aster p lan.  

Figure 7 shows graphically the three implementation periods, with each bar representing a 

notional project selected for a specific period, and shows the time slices used for project 

evaluation and alternat ive formulation.  As described below ( see Section 2.5.3.2 ), project effects 

are offset by the period of implementation. As such, project s implemented in period 3 are only 

evaluated in terms of their long -term effects on the coast . Section 2.5.3.3 describes how projects 

are sequentially selected for each of the three implementation periods.  

 

Figure 7: Implementation Periods and Evaluation Time Slices  for Notional Restoration Projects . 

Notes: The darkly shaded port ions of the bars indicate hypothetical engineering, design, and 

construction times. The lightly shaded portions of the bars indicate ongoing operations and 

maintenance time.  

For risk reduction projects, the Planning Tool selects projects differently than f or the restoration 

projects. First, because the risk models estimate flood risk at year 25, and not year 20, a mid -term  

(year 25 ) time slice is evaluated, along with the long -term (year 50) time slice. Second, as the 

effects of risk reduction projects at a  given point in time is not dependent on how much time has 

elapsed after it s implement ation  (unlike restoration projects), the Planning Tool does not have 
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information to favor the implementation of a project in period 1 over period 2 , as it does for 

restoration projects. Therefore, the Planning Tool combines the first two planning periods, leading 

to two defined periods of implementation:  

¶ Implementation Period 1/2: Years 1 ð 30  

¶ Implementation Period 3: Years 31 ð 50  

To most efficiently identify the projec ts that maximize long -term and mid -term benefit, t he 

Planning Tool first selects the complete set of projects assuming a single 50 -year period of 

implementation, based on the projectsõ long-term (year 50) effects (Phase 1 in Figure 8). Next , 

the Planning T ool determines which of these projects to implement in Implementation Period 1/2 

based on mid -term (year 25) effects (Phase 2 in Figure 8).  

 

Figure 8: Implementation Periods and Evaluation Time Slices for Risk Reduction  Projects.  

Notes: The solid portions of the bars indicate hypothetical engineering, design, and construction 

times. The dashed portions of the bars indicate ongoing operations and maintenance time.  

2.2.2 Systems Models  

A suite of systems models provides input to the Plann ing Tool related to coastal ecosystem and 

flood risk conditions (see Meselhe et al., 2015 for details on the modeling for the 2017 Coastal 

Master Plan) .  

The Integrated Compartment Model (ICM) analyzes landscape and ecosystem performance 

under different environmental scenarios. It estimates hydrodynamic  changes and response in 

land -water and vegetation . A set of 19 Habitat Suitability Indices (HSIs) are integrated into the 

ICM and provide estimates of a variety of aquatic and terrestrial species habitat. An Ecopath 

with Ecosim  model  (EwE) is used to derive  spatially explicit estimates of fish and shellfish  relative 

biomass . 

On the flood risk side, the Advanced Circulation -Simulated Wave Nearshore  model (ADCIRC-

SWAN) estimates storm surge and waves for a la rge set of simulated tropical storms and 

hurricanes. The surge and wave results then serve as input to the Coastal Louisiana Risk 
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Assessment Model (CLARA), which translates storm surge into flood depths, as influenced by 

levees and other structural risk reduction projects (Fischbach et al., 2012) . The CLARA model 

then calculates the resultant damages to a wide array of coastal assets. By evaluating the 

results of different modeled storms, statistical flood risk metrics, such as EAD,  are computed.   

2.2.3 Decision  Drivers and Metrics  

The Planning Tool evaluates projects and outcomes based on a large set of metrics that are 

related to the five master plan objectives listed in the introduction above. Through  the 2012 

Coastal Master Plan ning process , however, CPRA defined two factors  as decision drivers  ð land 

area  and flood risk reduction  ð represented by the land and EAD metrics, respectively. CPRA 

used the decision drivers to guide the alternative formulation because they are key 

requirements for all five of the master p lan objective s, are well understood, and were shown to 

simplify the analysis without losing the flexib ility for refining the plan . Specifically, CPRA used 

additional ecosystem and risk metrics as report out put s and to shape the alternatives by 

cons training the optimization to meet different outcome thresholds . Outcome thresholds were 

defined through the iterative alternative formula tion approach, as described in Section 2.5.4. 

This same approach is being carried forward for the 2017 Coastal Master P lan.  

2.2.3.1 Ecosystem Metrics  

The systems models, mentioned above, calculate and supply a wide range of ecosystem 

metrics to the Planning Tool. These metrics include land, which is a decision driver,  and  other 

metrics from the ICM and E wE (Table 1).  

Table 1: Ecosystem Metrics . 

Source  Ecosystem Metrics  

ICM Land (square kilometers)  

Trajectory of land beyond the planning horizon , when a project is 

implemented in year 30  (difference in land between modeled 

year 30 and year 20 ) (square kilometers)  

Nitrogen uptake (kg)  

Species habitat (habitat units)  

¶ Oysters, Shrimp (brown/white), Largemouth Bass, Juvenile 

Menhaden, Spotted Seatrout,  Bay Anchovy, Blue Crab, 

Brown  Pelican, Mottled Duck, Green -Winged  Teal, 

Gadwall, Alligator, and Crawfish  

Wetland type (square kilometers)  

¶ Freshwater Wetlands, Forested Wetlands , Fresh Marsh, 

Intermediate Marsh, Brackish Marsh, Saline Marsh , Bare 

Ground, Upland, Open Water  

EwE Species biomass (tonnes/square kilometer)  

¶ Over 20, including Spotted Seatrout, Red Drum, Black 

Drum, Largemouth Bass, Catfish, Anchovy, Blue Crab, 

Brown Shrimp, White Shrimp, Gulf Menhaden, and Oyster  
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All the metrics are aggregated by 11 ecoregions a nd provided every five years from initial 

conditions to year 50 (Figure 9) , except for the trajectory of land . The 11 ecoregions were 

developed by the modeling team to summarize the highly detailed modeling output. The 

ecoregions were defined to represent regions with similar geomorphology and ecological 

function.  

Results for species habitat are reported as three  year averages, ending with the five year value. 

For example, the year  10 habitat value is an average of annual results for years 8, 9 and 10.  

 

Figure 9: Ecoregions.  

 

2.2.3.2 Risk Metrics  

Risk results are provided to the Planning Tool by the CLARA model  in terms of EAD, which is a 

decision driver. The CLARA model reports a mean and standard deviation value for EAD, as this 

is a pro babilistic calculation in CLARA.  The Planning Tool analysis focused on the mean EAD 

variable  when evaluating projects and formulating alternatives, but also reports residual 

damage outcomes  (Table 2 ). Results are aggregated by 54 risk regions and provided for initial 

conditions and years  10, 25, and 50.  See Fischbach et al. (2015) for details on the risk metrics and 

project areas.  

Table 2: Risk Metrics.  

Source  Risk Metric  

CLARA 
Expected Annual Damage  ð EAD ($)  

¶ 50th Percentile, m ean , and standard deviation  

Residual Damage ð DMG ($)  

¶ Years 50, 100, and 500  

 

2.2.3.3 Additional Derived Metrics  

There are a few additional metrics used to represent the effects of projects and/or alternatives 

that are derived from results for the ecosystem  metrics,  risk metric s, or both metrics . They include:  
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¶ Use of natural processes (index)  

¶ Support for navigation (index)  

¶ Support for traditional fishing communities (index)  

¶ Support for oil and gas  activities and communities  (index)  

¶ Support for agricultural communities (index)  

¶ Social vulnerability (index)  

¶ Flood protection of historic properties (%)  

¶ Flood protection of strategic assets (%)  

¶ Flood depths at various recurrence intervals (e.g., 50 -, 100-, and 500 -year) and time s (i.e., 

initial condition, year 10, year 25, and year 50) (m)  

2.2.4 Scenarios  

Two sets of scenarios are being used to reflect uncertainty about future conditions  ð 

en vironmental and risk . All eco system metrics are evaluated for each environmental scenario . 

The risk metric s are additionally evaluated for each risk scenario .  

2.2.4.1 Environmental Scenarios  

For the 2017 Coastal Master Plan, three environmental scenarios have been developed. They 

are based on variations of the  following six variables  across plausible ranges establish ed  through 

a review of the literature ( see Chapter 2 of Meselhe et al., 2015 ): 

 

¶ Eustatic Sea Level Rise (ESLR) 

o Plausible range: 0.14 to 0.83 m over 50 years  

¶ Subsidence  

o Plausible range: spatially variable  (same as 2012 regions and values ) 

¶ Precipitation  

o Plausible range: -5% to +14% of the 50-year observational record  

¶ Evapotranspiration  

o Plausible range: -30% to historic al  50-year observational record  

¶ Tropical Storm Frequency  

o Plausible range: For all tropical storms, -28% to no change  

¶ Tropical Storm Intensity  

o Plausible range: +4% to +23% increase in central pressure deficit  

 

Table 3 summarizes the differences among the three environmental scenarios.  See Cha pter 2 of 

Meselhe et al.  (2015) for a discussion of how the scenarios were defined . Although tropical 

storms are  incorporated into the ICM, tropical storm intensity and frequency only vary in the risk 

analyses in the CLARA model . 

Table 3: Environmental Scenarios for the 2017 Coastal Master Plan . 

Scenario  
ESLR 

(m/50yr)*  
Subsidence  Precipitation  Evapotranspiration  

Overall 

Storm 

Frequency  

Average 

Storm 

Intensity  

 Used in ICM  Used in CLARA  

Low 0.43 20% of > historical  < historical  -28% +10.0% 
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Scenario  
ESLR 

(m/50yr)*  
Subsidence  Precipitation  Evapotranspiration  

Overall 

Storm 

Frequency  

Average 

Storm 

Intensity  

range  

Medium  0.63 
20% of 

range  
> historical  historical  

-14% +12.5% 

High 0.83 
50% of 

range  
historical  historical  

0% +15.0% 

*rate of change is not linear  

2.2.4.2 Risk Scenarios  

Estimates of future risk depend upon the environmental scenario and two additional scenario 

factors  ð economic growth and structural risk reduction  system fragility  (Fischbach et al., 2015) .  

The economic growth scenarios define how much growth in the numb er of residential and 

commercial structures occurs over the 50 -year planning horizon and how it is distributed 

throughout c oastal Louisiana. Three growth scenarios reflect a range of plausible future 

conditions:  

¶ Historical growth  

¶ Concentrated growth  

¶ No growth  

 

The fragility scenarios reflect different assumptions about how structural risk reduction projects 

would perform. The three fragility scenarios are:  

¶ No fragility  

¶ IPET fragility ð the assumptions used in the 20 07 Interagency Performance Evaluation T ask 

Force ( IPET) study  of the New Orleans hurricane protection system performance during 

Hurricane Katrina  (IPET, 2007) 

¶ Morganza to  the Gulf fragility  ð the assumptions used in the 20 13 Morganza to the Gulf 

study ( USACE, 2013) 

Note that because estimates of the future landscape vary based on the environmental 

scenarios, all risk calculations are  evaluated across the combination of environmental scenarios 

and risk scenarios, for a total combination of 27 future  condition s. 

2.2.5 Projec ts 

The systems models evaluate d  155 structural risk reduction and restoration projects  and seven  

nonstructural project  variant s for each of 54 nonstructural project areas  ð first individually and 

then as a part of alternatives.  These projects are distribut ed across the coast, as shown in  Figure 

10. To learn more about the process by which CPRA evaluated the list of candidate projects for 

consideration in the 2017 Coastal Master Plan , see Appendix A .  

Individual risk reduction projects are evaluated relative  to FWOA risk conditions (assuming the 

FWOA landscape) by the risk models (ADCIRC -SWAN and CLARA) , and individual restoration 
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projects are evaluate d relative to FWOA landscape conditions by the ecosystem models ( ICM 

and EwE ). When evaluating alternatives, the ecosystem models can evaluate all restoration and 

risk reduction projects together. ADCIRC -SWAN and the CLARA model can then use the resulting 

coastal landscape  including restoration project effects  to evaluate storm surge flooding and risk 

with the al ternativeõs structural and nonstructural risk reduction projects implemented. In this 

way, the mod eled alternatives can capture 1) the  effect s that landscape changes due to 

restoration projects would have on risk , and /or  2) the effects that structural risk  reduction projects 

would have on the eco system metrics.   

2.2.5.1 Risk Reduction P rojects  

The 2017 Coastal  Master Plan evaluate d  20 structural risk reduction projects. 4 Some were 

selected in the 2012  Coastal  Master Plan, and others are new inclusions.  

While the restoration and structural risk reduction  projects evaluated in the 2012  Coastal  Master 

Plan were specific and discrete, the nonstructural projects were a representation of mitigation 

measures that would apply to numerous structures in a specific  project area. As described in 

Section 2.5.1, a new set of nonstructural projects was formulated for 54 nonstructural project  

areas  for the 2017 Coastal Master Plan . Each nonstructural project identif ies the number of 

structures and cost s for elevating, fl oodproofing, and acquiring properties to reduce flood risk. 

For each project area, several different project variants were defined to represent different ways 

of determining how many and which structures need nonstructural risk reduction measures . 

The CLARA model estimates the effects on flood risk of both types of risk reduction projects  ð 

structural and nonstructural  ð in terms of flood depths, EAD, etc. using the same approach .  

2.2.5.2 Restoration Projects  

For the 2017 Coastal Master Plan , 135 restoration proje cts of the following types were  evaluated:  

¶ Bank Stabilization  

¶ Hydrologic Restoration  

¶ Ridge Restoration  

¶ Shoreline Protection  

¶ Oyster Barrier Reef  

¶ Marsh Creation  

¶ Sediment Diversion  

¶ Barrier Island Restoration  

 

 

 

 

                                                      

 
4 The Planning Tool consider ed  two versions of the Larose to Golden Meadow project and three 

versions of the Morganza to the Gulf project.  
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Figure 10: Restoration , Nonstructural , and Structural Risk Reduction Projects Evaluated . 

 

2.3 Planning Tool Structure  

The Planning Tool consists of three discrete elements  ð a database, an optimization model, and 

an interactive visualization package. Information is provi ded to the Planning Tool via structured 

input data sheets and user specifications of alternatives ( Figure 11). 

 

Figure 11: Planning Tool Structure . 

 

2.4 Data  

To describe the functions of and calculations performed by the Planning Tool , it is helpful to first 

define and describe the data that are used as inputs as well as those generated by the Planning 

Tool. There are several different types of data:  
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¶ Project attributes  ð information about projects  

¶ Outcomes  ð estimates  of coastal condit ions without and with the implementation of 

projects by the systems models  with respect to specific metrics  

¶ Constraints  ð information about limitations that affect how projects can be selected as 

part of an alternative  

¶ Alternative formulation specifications  ð instructions for how the Planning Tool should 

assemble alternatives  

¶ Alternative results  ð Planning Tool results specifying the projects to be implemented in 

each period for each alternative; estimated outcomes for each alternative  

For the 2017 Planning Tool, all this information is stored in a structured SQLite database. 5 The 

SQLite database consists of a series of tables containing data structured around a defined 

variable naming convention. The database structure supports the easy develop ment of derived 

tables through specific database queries. The Planning Tool optimization engine and 

visualizations use these derived tables as input. All data stored in the database includes 

metadata detailing the origin of and date of the data. The SQLite  database format is also 

portable, allowing it to be transferred to others systems for archiving or other analyses.  

The subsections below describe each data source.  

2.4.1 Project Attribute Data  

Attribute data  for each project described in Section 2 is developed to support the Planning Tool 

analyses. Key attribute information includes:  

¶ Project basics  

o Name, location, type, etc.  

¶ Project costs (present $)  

o Planning, e ngineering , and design  

o Construction  

o Annual operations and maintenance  

¶ Project phase durations (years)  

o Engineering and design  

o Construction  

¶ Project sediment requirements and sources  

¶ Project incompatibilities  

                                                      

 
5 More information about SQLite can be found at www.sqlite.org . The 2012 Planning Tool 

database was comprised of several different MySQL databases, as the approach taken by the 

Planning Tool underwent significant changes during the development of the 2012 Coastal 

Master Plan.  

http://www.sqlite.org/
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For two project types, Marsh Creation and Barrier Islands, the amount of sediment required to 

construct a project could vary depending on when the proje ct is implemented and the future 

conditions (reflected by the environmental scenarios). The provisioning of sediment for these 

projects is also a major cost driver. Therefore, for these projects, separate estimates of sediment 

requirements and construction  costs are provided to the Planning Tool  by scenario and 

implementation period . For some implementation periods and environmental scenarios, the 

landscape conditions may not be suitable for a project to be built at all  ð the water levels may 

be too deep, f or example. In these cases, sediment requirements and costs are null, and the 

project is indicated as infeasible for the specific implementation period.  

Projects that require sediment for construction are also assigned one or more specific sources 

from wh ich sediment can be acquired (see Section 2.4.5). As described below in section 2.4.5, 

the sediment sources are limited. This information is also stored in the Planning Tool database for 

use by the optimization routine.  

Some projects evaluated by the Plann ing Tool are not designed to be implemented in 

conjunction with others. For example, different nonstructural project variants for the same 

project region have been  developed, but o nly one of these project variants could be 

implemented for a given project a rea . The Planning Tool therefore also receives attribute 

information indicating which projects cannot be selected to be implemented  together. This 

information is stored in the Planning Tool database for use by the optimization routine.  

A set of scripts, de veloped in R (an open -source statistical programming language), is used to 

extract these data from a set of tables and geographic information system ( GIS) layers provided 

by CPRA.  

2.4.2 Future Without Action Conditions  

The systems models estimate coastal condit ions without projects for each environmental and risk 

scenario, and they summarize this information for the Planning Tool. Ecosystem outcomes are 

aggregated by 11 ecoregions and provided every five years to year 50 ( Figure 9). Risk outcomes 

are aggregated by 54 risk regions and provided for current condition , and years 10, 25, and 50 

(Table 2 ). See Section 2.2.3.2, above, for details about the regions.  

These data are provided to the Planning Tool team via .csv files, with each data element 

identified by metric, region, time slice, and environmental or risk scenario. Another set of R scripts 

read these data into the Planning Tool database.  

2.4.3 Future With Project Outcomes  

The systems models also estimate coastal conditions for each environmental and risk scena rio 

with each individual project implemented, assuming that engineering and design begins in year 

1. For example, a marsh creation project that takes two  years to design and engineer and six 

years to construct is modeled by adding the project into the land scape at the beginning of year 

9. The results at year 10, thus, reflect th e effects of the project after two  years of completion. 6 

                                                      

 
6 Note that in 2012, projec ts were modeled assuming construction was completed in year 0. The 

Planning Tool then offset benefits to account for design, engineering, and construction time, 

when assembling alternatives. For the 2017 analysis, this step is now unnecessary.  
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The future with project  (FWP) outcome information is summarized and stored in the Planning Tool 

database in the same way as t he FWOA condition (see Section 2.4.2), except with an additional 

identifier indicating the project.  

2.4.4 Project Effects  

For metrics with FWOA and FWP estimates, the Planning Tool calculates the project effects by 

subtracting the FWOA condition from the FWP est imate for each region, time slice, and scenario:  

ὖὶέὮὩὧὸὉὪὪὩὧὸȟȟȟȟ Ὂὡὖȟȟȟȟ Ὂὡὕὃȟȟȟ 

where p  = the project; t = time slice; r = region ; m = metric; and f = scenario.  

For example, the land project effect in a re gion in which there are 100 units of land in FWOA and 

110 units when the project is implemented (FWP equals 110) is 10 units (110 -100).  

Project effects for some metrics are estimated in terms of changes from an unspecified baseline. 

For example, the systems models do not separately estimate a FWOA support for navigation 

metric . Rather, the FWOA condition is used as part of the way the metr ic assesses the effect of 

the project on support for navigation. For this type of metric, estimates of each projectõs effect 

on the metric (e.g., support for navigation ) are provided directly.  

2.4.5 Constraints  

The Planning Tool considers two types of constraints  ð implementation constraints and outcome 

constraints. Implementation constraints are related to factors that limit how many or which 

projects could be implemented. The key implementation constraints are: 7 

¶ Funding  

¶ Sediment  

 

Funding constraints a re defined with respect to risk reduction projects and restoration projects 

separately and for each of the three implementation periods. CPRA provided the Planning Tool 

team with a table that included an initial set of  funding scenarios  (Table 4). Note that in the Low 

Funding scenario, 80 % of the period 1 funding would be allocated to restoration projects.  

                                                      

 
7 For the 20 12 Planning Tool, river use constraints were also used to limit the number and proximity 

of sediment diversion projects selected for a given alternative. For the 2017 Coastal Master Plan 

analysis, the set of possible sediment diversion projects is sufficie ntly restricted as not to require 

the application of a river use constraint.  
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Table 4: Initial Funding Scenario s Evaluated . 

 Low Funding  High Funding  High Funding #2  

Restoration  Risk 

Reduction  

Restoration  Risk 

Reduction  

Restoration  Risk 

Reduction  

Implementation 

Period 1  
$6.4B 

$9.6B 

$7B 

$21B 

$7B 
 

$28B Implementation 

Period 2  
$8B $14B $21B 

Implementation  

Period 3  
$8B $8B $14B $14B $7B $7B 

Total $22.4B $17.6B $35B $35B $35B $35B 

 

After some initial analysis the High Funding scenarios were dropped and replaced with two risk 

reduction and restoration funding scenarios ; one  included $25B for risk reduction and restoration 

projects and the other included $30B for risk reduction and restoration projects . The funding 

distribution among implementation periods was also modified to provide more funds in the 

earlier periods.  Table 5 shows the refined Low, Medium, and High funding scenarios.  

 

Table 5: Refined Funding Scenarios Evaluated.  

 Low Funding  Medium Funding  High Funding  

Restoration  Risk 

Reduction  

Restoration  Risk 

Reduction  

Restoration  Risk 

Reduction  

Implementation 

Period 1  
$6.4B 

$11.6B 

$5B 

$20B 

$6B 
 

$24B Implementation 

Period 2  
$10B $15B $18B 

Implementation  

Period 3  
$6B $6B $5B $5B $6B $6B 

Total $22.4B $17.6B $25B $25B $30B $30B 

 

Sediment constraints are defined by a set of 76 individual sediment sources  (i.e., borrow areas) . 

For sources that are not within the Mississippi River channel , a single amount of sediment is 

specified. For Mississippi River-based sources, sediment is considered renewable. These sources 

are assigned a five year renewable volume. Both types of sediment constraints are stored in the 

Planning Tool database in a simple table containing the amount of sediment available for each 

implementation period.   

The Planning Tool uses o utcome constraints during alterna tive formulation to consider the effects 

of a project with respect to outcomes  other than land and EAD. These constraints use the 

project effects results ( Section 2.4.4) together with user -specified outcome constraints ( Section 

2.4.6). Section 2.5.3 descri bes how both types of constraints are used in the alternative 

formulation process.  

2.4.6 Alternative Specifications  

For the alternative formulation function, CPRA and the Planning Tool team develop ed  

specifications for each alternative to be formulated. The specifications are recorded in an Excel -

based table and include the following information:  

¶ Meta data about the alternative  
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o Intent narrative  

o Dat e of formulation  

o Date/version of data  

¶ Description of o bjective function  

¶ Budget scenario  

¶ Environmental scenario (for formulation)  

¶ Risk scenario (for formulation)  

¶ Outcome constraints  

¶ CPRA-specified  project inclusions or exclusions  

In the Planning Tool database, each alternative is assigned a unique ID number so  that 

alternative results can be cross -referenced to the specification s used to formulate them.  

For example, a set of baseline alternatives that maximize mid -term and long -term risk reduction 

and land for each of the three environmental scenarios would be  specified as shown in Table 5 .  

Table 6: Example Specification for Three A lternatives . 

Alternative ID  1 2 3 

Objective Function  Max land/EAD; 

50/50 MT/LT 

Max land/EAD; 

50/50 MT/LT 

Max land/EAD; 

50/50 MT/LT 

Budget Scenario  $17.6 billion (Risk 

Reduction);  

$22.4 billion 

(Restoration)  

$17.6 billion (Risk 

Reduction);  

$22.4 billion 

(Restoration)  

$17.6 billion (Risk 

Reduction);  

$22.4 billion 

(Restoration)  

Environmental 

Scenario  

ES-01 ES-02 ES-03 

Risk Scenario RS-01 RS-01 RS-01 

 

2.4.7 Alternative Results ð Projects and Estimated Outcomes  

When the Planning Tool formulates an alternative, it defines which projects are  implemented  in 

each of the implementation periods. Each project that is specified to be implemented begins 

accruing engineering and design costs in the first year of the implementation period. 

Construction costs are incurred immediately following engineering and design. Lastly, operations 

and maintenance continue through the end of the 50-year planning horizon  (year 50) . These 

results are stored in  the Planning Tool database.  

The Planning Tool also calculates for each alternative the expected outcomes for land, EAD, 

and select metrics at a five year interval for eco system  metrics and at initial condition and year s 

10, 25, and 50 for risk metrics. Se e Section 2.5.3.4 for information on the specific calculation.  

Other outputs from the alternative formulation calculations include:  

¶ The cost for all restoration and risk reduction projects by implementation period 

(constrained by the funding scenarios)  
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¶ The  required sediment by source and implementation period (constrained by the 

sediment source volumes) 8 

 

These outputs will help CPRA and stakeholders understand why the selected projects are 

selected. These results are stored in the Planning Tool database.  

2.5 Functions  

The Planning Tool performs a variety of functions in support of the CPRA master p lan  

development, as listed and summarized in Figure 12. The subsequent subsections provide more 

detail for each function.  

 

Figure 12: Planning Tool Key Functions . 

 

2.5.1 Formulating Nonstructural Projects  

For the 2017 Coastal Master Plan , CPRA developed a set of nonstructural projects (or variants) 

across the coast. The project variants specify nonstructural mitigation designed for different 

elevation standards and considerations of  community characteristics , such as low  to  moderate  

income (LMI) households in the project areas . A wide range of nonstructural projects enable s 

the Planning Tool  to  identify the  level of nonstructural investment that, when combined with the 

structural risk reduction projects , most cost -effectively reduces risk . In some areas, only a low  

                                                      

 
8 This information can help determine if limited sediment availability is influencing the selection of 

projects for a specific alternative.  

ÅDefine variants of nonstructural projects for 
project comparison and alternative formulation, 
based on flood risk vulnerabilities  

Formulating 
nonstructural projects  

ÅCompare and rank projects based on 
outcomes, per the ecosystem and risk metrics, 
and by outcomes standardized by project cost  

Comparing projects  

ÅDefine sets of projects to implement over 50 
years that best meet Louisiana's goals for 
different future scenarios, subject to funding, 
sediment, and performance constraints  

Formulating 
alternatives  

ÅEvaluate key differences among alternatives, 
and define a robust, adaptive investment 
strategy for the master plan  

Evaluating alternatives  

ÅPresent key results of Planning Tool analyses 
using interactive visualizations for use by CPRA 
and stakeholders for deliberation  

Supporting 
deliberations  
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level of nonstructural mitigation will be appropriate. In other cases, more extensi ve nonstructural 

mitigation will be required to reduce risk in vulnerable communities.  

Nonstructural project variants were developed for a new set of 54 nonstructural project areas 

defined for the 2017 Coastal Master Plan (see Fischbach et al., 2015). These nonstructural project 

areas were defined to consider interactions among structural and nonstructural projects  at an 

appropriate spatial scale . Each nonstructural project area shown in Figure 13 is contained within 

one of the 54 risk regions.  

 

Figure 13: Nonstructural Project Areas for 2017 Coastal Master Plan . 

 

Risk Mitigation Elevation Standards  

To identify t he nonstructural project variants , different risk mitigation elevation standards  were 

considered . Each elevation standard wa s based on CLARA model estimates of the 100 -year 

flood depth, plus 2 feet of freeboard, at th ree specified future time periods  ð c urrent condition , 

year 10, and year 25  ð and  for each of the three environmental scenarios described above . The 

CLARA model  considered elevation standards based on the conditions  shows in Table 7.  These 

variants focus primarily on different elevation standards, although variant 5 also includes grid 

points with more than 30% LMI households.  

Table 6: CPRA Defined Nonstructural Project Variants.  

Variant  Elevation Standard  Additional Constraint  

Time slice  Environmental 

Scenario  

1) Current Conditions  Current conditions  n/a  n/a  

2) Year 10, Low  Year 10 Low n/a  

3) Year 10, Medium  Year 10 Medium  n/a  

4) Year  10, High  Year 10 High n/a  


