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Executive Summ ary  

This chapter focuses on how the models described in previous chapters were used to predict 

future changes to the landscape, ecosystem, and risk characteristics of the Louisiana coast. 

Example outputs are provided from the models for the 50 -year simulat ions for various 

environmental and risk scenarios. For landscape and ecosystem modeling, the Integrated 

Compartment Model (ICM) and the Ecopath with Ecosim (EwE) models were used. The ICM is 

made up of the following subroutines: hydrology, morphology, barr ier islands, vegetation, and 

habitat suitability indices. The EwE model predicts fish and shellfish biomass. In terms of storm 

surge and risk, the Advanced CIRCulation (ADCIRC) model was used to predict storm surge, the 

Simulating W aves Nearshore (SWAN) mo del was used to predict waves, and the Coastal 

Louisiana Risk Assessment (CLARA) model was used to predict risk/damage.  

The models were used to assess change over 50 years without the implementation of additional 

restoration or risk reduction projects (Future Without Action ð FWOA). Then, additional model runs 

were conducted to compare the effects of individual projects and  groups of projects 

(alternatives) against the FWOA. How the project attributes were reflected in the models and 

how adjustments in inputs or model dynamics were adjusted are described in Section 1. The 

second  section outlines the initial conditions  for th e landscape and ecosystem, which were for 

primarily  defined by existing data as described below and in previous chapters. Section 2 also 

describes how the effects of storms and waves on flood depths and damages for the initial 

condition s were derived using  modeling. FWOA output is described in Section 3 of this chapter. 

Project -level outputs and interpretations are provided in Section 4,  and project  interactions are 

discussed in Section  5. Lastly, outcomes and interpretations of the draft and final 2017 Coa stal 

Master Plan model outputs are included  in Section 6. Because the final Coastal Master Plan did 

not change substantively from the draft version, model outcomes from the draft plan also serve 

as those for the final version of the plan.   
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1.0 Project Implementation  

The initial conditions for the 2017 Coastal Master Plan analysis were derived from existing data for 

topography, bat hymetry, and vegetation cover (s ee Attachment C3  -27), with projects added 

to the landscape  that  were not represented in the initial data sets but are assumed to be in 

existence for the 2017 Coastal Master Plan FWOA condition. The FWOA landscape included all 

projects, even if they were very small features (i.e., smaller than project selected for 

consideration in the 2017 Coastal  Master Plan). This was considered important to ensure that the 

performance of candidate projects was based on as realistic a landscape as possible. Refer to 

Appendix A: Project Definition  for a list of projects included in the FWOA landscape.  The 

modeling  of individual candidate projects was based on a 50 -year simulation.  

This section describes how the candi date projects were added to the ICM, ADCIRC, and/or 

CLARA m odel s, either through direct modification of topography/bathymetry (e.g., marsh 

creation), c hanges in how the model modifies land -water character (e.g., buffer behind a 

shoreline protection project to reduce marsh edge erosion), or through changes in model links 

that determine hydrologic exchanges (e.g., structure used for hydrologic restoration) . Projects 

were incorporated as part of the model run òset-upó phase and were put into the landscape 

based on the specific attributes , including the implementation year,  provided by CPRA. For 

project -level analysis, some model runs contained more than one project, yet care was taken to 

assure these were sufficiently separated in the model domain to avoid project interactions. The 

set-up for each type of project is described below. Appendix A:  Project Definition provides more 

information on the project types  and assumptions used to develop the project attributes 

provided to the modeling teams.  

1.1 Hydrologic Restoration  

Hydrologic restoration projects include the introduction of culverts, tide gates, locks, plugs, weirs, 

siphons, and pump stations into the model  domain. These projects are primarily used to convey 

fresh water to proposed outfall areas or to improve water circulation and reduce saltwater 

intrusion within a hydrologic system. In most cases, the implementation of a hydrologic 

restoration project requ ired the adjustment of existing model links or the addition of new links. 

The link type added or modified (channel, weir, lock, tide gate, orifice, culvert, or pump station) 

depends on the project specifics stated in the project attributes. In some cases, a project will 

include a plug, which requires blocking an existing channel link. To implement these projects, the 

modeler determines if a channel link is entirely blocked due to the plug, or if the channel link 

(whether representative of a single channel o r composite channel) has a reduction in width due 

to the plug. For pump stations, tide gates, and other link types which feature control operations, 

it should be noted that the operation rules remain the same overall  years of implementation 

within the mode l (i.e., the structure operation rules remain static over time even though actual 

operation can vary in response to conditions). For instance, it is not possible to implement a 

project in the ICM at year five with a prescribed operational trigger of 2.2 m stage in year 10 and 

switch to a trigger of 3 m stage in year 22. In cases with complex operational rules (such as 

operation at specific stage and  salinity criteria), the hydrology code used in that model run was 

specifically modified to ensure correct ope ration of the project. However, this was only 

necessary for a few projects.  

If at all possible, subdividing model compartments was avoided during project implementation. 

In some cases, this meant òprojectingó the structure location near the boundary of the 

compartment for the establishment of link attributes. However, this procedure was only  used if 
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the hydraulic conveyance between the compartments was identical at the project location 

and at the compartment face. Effects of projects located within the inte rior of a compartment 

that do not affect exchange between two compartments were not  captured within the ICM. 

Examples are provided in Figure 1a and 1b.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: (a) Project is Able to be Projected to the Compartment Boundary; (b) Project Cannot be 

Projected to the Compartment Boundary Due to Other Flow Considerations or Placement Within 

the Interior of a Compartment.  

 

1.2 Shoreline Protection  

Shoreline protection projects are defined as near  shore segmented rock breakwaters and are 

primarily used to reduce wave energies on shorelines in open bays, lakes, and natural and 

manmade channels. The project footprints were not included in the landscape Digital Elevation 

Model (DEM) or incorporated int o the hydrology subroutine. These projects were implemented 

by adjusting the marsh edge erosion rate for any part of the compartment within the influence 

area behind the structure. This influence area was defined by a 200 m buffer on the landward 

side of t he structure. The project effect on marsh edge erosion rate was applied at the 30 m grid 

level in the morphology subroutine. The amount of eroded sediment to be added to the 

compartment sediment pool was also proportional ly reduced to account for the lengt h of 

marsh edge within a compartment that would be protected by the project.  

The marsh edge retreat rate was reduced for compartments impacted by the 200 m buffer. 

Equation 1 was used to determine the revised marsh edge erosion rate for each compartment 

co ntaining the shoreline protection project:  

ὓὉὉ  ὓὉὉ Ὂ ρ ὓὉὉ     (1) 

where   

 MEEnew   =   the compartmentõs marsh edge erosion rate, as reduced by the project 

 Aproject       =   project edge area = shoreline protection project length * assumed marsh 

 edge width of one 30  meter land/water pixel in morphology subroutine  

A total           =   total marsh edge area   
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Fr                  =   project reduction factor = wave (erosion) attenuation rate/100%  

 

The project attributes included the designated wave (erosion) attenuation rate, which (as shown 

in Equation 1) was used as the percent reduction in the historic marsh edge erosion rate for 

each compartment containing the project. The new marsh edge erosion rate was then included 

in the revised compartment attribute input file.  

1.3 Bank Stabilization  

Bank stabilization projects are defined as the on  shore placement of earthen fill and vegetative 

plantings and are primarily used to maintain shorelines in open bays, lakes, and natural and 

manmade channels. The procedure for modeling bank stabilization projects followed the 

guidelines outlined above for sh oreline protection projects. The project footprints were not 

included in the landscape (DEM) or incorporated into the hydrology subroutine, but  a 200  m 

buffer was used to determine the influence area of the project. Wave attenuation rates, as 

specified in the project attributes, were used to determine the new marsh edge erosion rate to 

be used in the compartment attribute input file.  

1.4 Ridge Restoration  

Ridge restoration projects  are intended to re -establish historical ridges through sediment 

placement and v egetative plantings to provide additional storm surge attenuation and to 

restore forested maritime habitat s. Ridge restoration projects were implemented in the ICM using 

the same procedure and approach used for levee projects. Ridge restoration projects we re 

modeled via implementation in the landscape by adjusting the DEM as well as through 

modification/addition of hydrology links. The project was incorporated into the DEM based on 

the footprint shapefile provided by CPRA and the project elevation specified  in the project 

attributes. If a ridge was added to the landscape, existing links were inspected , additional links 

were added if needed, and the existing marsh or channel link s were  adjusted to reflect the 

dimensions after the ridge project was in place. Attributes such as ridge crest elevation and 

base width (per the project attributes) were carried over into the link attributes specified in the 

links input file. These links allow ed  for overtopping of the ridge in the ICM. They block ed  the flow 

between co mpartments where a ridge was  present if the stage was  less than the ridge crest 

elevation. If the stage was  greater than the ridge crest elevation, the ridge link allow ed  

conveyance as a channel link would, until the stage drop ped  below that of the ridge c rest 

elevation.  

1.5 Levees  

When  levee features were  implemented in the ICM as a component of structural protection 

projects , the approach described above for ridge restoration projects was  used. In addition to 

the link deactivation a s described in Section 1 .4, a large number of hydraulic control structures 

were included with the structural protection projects. These newly activated control structures 

were implemented in the ICM in the same manner that was used for activating new control 

structures in the hydro logic restoration projects (S ection 1 .1) 
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1.6 Oyster Reefs  

Oyster reef restoration projects construct bioengineered reefs with shell cultch or 

engineered/artificial substrate that promotes oyster colonization. Continued oyster recruitment 

and growth is expecte d to augment the constructed reef to enhance protection and coastal 

restoration benefits, including protecting shorelines from erosive forces, reducing saline intrusion, 

and reducing open water fetches. The oyster reef candidate projects for the 2017 Coast al 

Master Plan are landscape -scale projects with features and effects large enough to be resolved 

by the ICM.   

Within the model, an oyster restoration project affect ed  the landscape evolution with a 

reduction in the marsh edge erosion rate. The project fo otprints were not included in the 

landscape (DEM) or incorporated into the hydrology subroutine. Instead, a polygon shapefile 

bounded by the oyster reef crest and a 1 km inland buffer delineated the affected shoreline 

areas. The marsh edge erosion rates an d the eroded sediment within the compartment were 

then updated in a manner identical to the implementation of shoreline protection projects.  

Oyster reef restoration projects also directly impact ed  the Attachment C3 -12: Oyster Habitat 

Suitability Index Mo del (HSI), where the HSI is a function of the computed salinity and the percent 

of the water bottom covered in oyster cultch . For model runs that incorporate d  oyster reef 

projects, separate HSI initial condition rasters were developed that increased the cu ltch  bottom 

cover percentage within the oyster reef project footprint.  

1.7 Marsh Creation  

Marsh creation projects create d  wetlands in open water areas and re -grade d  existing marsh 

land through placement of dredged material and vegetative plantings. Marsh creation projects 

were  incorporated into the ICM via the DEM and hydrology links. The footprint shapefile of the 

marsh creation project was  used to insert the project into the DEM, using  the attributes (such as 

marsh elevation) specified. It was  specified in the code that marsh creation projects were  not 

implemented in locations where the water depth was  greater than 0.76 m North American 

Vertical Datum of 1988 ( NAVD88 ) at the year the pr oject was  implemented. This was done to 

avoid inadvertent filling of channels on the landscape. As the implementation year varie d  per 

project, the fill volume was  calculated at the time of implementation  to more accurately 

determine the fill volume require d to reach the desired marsh elevation.  

The hydrology links in the ICM were  also adjusted to implement the marsh creation projects. 

Marsh links we re added at compartment faces as needed and existing  were  modified or 

removed due to the placement of the pro ject. All channel links with in the marsh creation 

polygons we re converted to òmaintained channeló links with a constant bottom elevation if they 

were  intended to remain channel links following project implementation. Channel links were 

converted to òcomposite channeló links if they represented non-channelized flow in marsh 

areas. The cross -sectional area of these composite channel links wa s updated via the marsh 

creation project implementation code to adjust exchange as the composite link fills in with 

sediment.  

1.8 Diversions  

Diversion projects create new conveyance channels to divert fresh water and sediment from 

coastal Louisianaõs rivers into adjacent basins. Diversion projects were modeled within the ICM in 
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multiple ways, depending upon the upstream sourc e of water to be diverted. Many of the 

modeled diversions involved diverting flow from the Mississippi River into the wetland areas 

adjacent to the river. The Mississippi River is not included within the ICM model domain, though 

its influence on the estuar ine basins is modeled as a series of flow distributaries; a fixed amount of 

the Mississippi River flow is modeled as direct flow input into specific model compartments 

adjacent to the channel. For example, the model compartment representing West Bay in the  

Birdõs Foot Delta received an influx of flow (with suspended sediment and water quality 

constituents) that is equal to a defined portion of the river flow. This same approach was  used to 

implement all of the diversion projects that propose to divert the Mississippi River water into the 

adjacent wetland areas.  

 

Some diversion projects were modeled at a relatively small but constant design flowrate, such as 

the 5,000 cubic foot per second ( cfs) Central Wetlands diversion (001.DI.18). For these projects, 

the design flowrate was added as a direct, constant flowrate input into the receiving model 

compartment. However, the majority of the diversion projects were modeled with an assumed 

operation reg ime dependent upon the flowrate within the river. The flowrate of diverted waters 

were calculated from linear rating curves based upon the design flowrate defined by CPRA. 

Many diversions were operated such that during low river flow periods, the diversion  was 

inactive. Once the Mississippi River was flowing at a rate greater than the low flow threshold, the 

diversion flowrate would increase linearly based upon the rating curve assigned. The design 

capacity of each diversion project, as well as the river fl owrates used to define the design 

flowrate , and the low flow thresholds are provided in  Appendix A : Project Definition .  

 

For all Mississippi River diversion projects, the flowrate within the river immediately downstream of 

the diversion intake was updated  to account for the diverted flow. This residual flow was then 

used for the next diversion point downstream (either proposed or an existing distributary). While 

the Mississippi River was not included within the hydrodynamic subroutine, a mass/flow balance 

was conducted on the inflow boundary conditions, a priori, in order to accurately calculate the 

river flow available to be diverted at each location.  

 

All sediment diversion projects along the Mississippi River used the 50 -year time series of 

suspended sed iment concentration in the Mississippi River developed for FWOA, and described 

in Attachment C3 -26: Hydrology and Water Quality Boundary Conditions. All sediment diversions 

were implemented based upon the assumption that they would be designed such that a 

sediment -water -ratio of 1.0 was attained. The sedime nt -water -ratio is the ratio of suspended 

sedime nt concentration in the diverted outflow as compared to the channel -averaged 

suspended sediment concentration in the main channel of the river immediately upstream of 

the diversion intake structure. A sediment -water -ratio of 1.0 indicates that the river an d diversion 

suspended concentrations are equal. A sediment -water -ratio less than 1.0 would indicate that 

the diversion structure is unable to convey all suspended material available in the river, and 

sediment -water -ratios greater than 1.0 may occur dependi ng upon alignment and design of the 

intake structure (Meselhe et al., 2012).   

 

The above procedure was used for modeling diversion projects along the Mississippi River. There 

were three other diversion projects that were implemented using a different metho dology. One 

of these was the Manchac Landbridge Diversion (001.DI.100), a proposed diversion connecting 

the Bonnet Carre Spillway to the adjacent swamp forest area. This hydraulic connection was 

modeled by simply adding a new open channel link within the h ydrology subroutine , 

connecting the model compartment representing the Spillway to the model compartment 

representing the adjacent swamp area. When water levels within the Spillway were high enough 

to enter this channel (either during Bonnet Carre gate ope nings or high water periods in Lake 
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Pontchartrain), the model would divert flow into the swamp area as a function of the differential 

water elevations represented in the model.  

 

The other projects that utilized a different approach were the two diversion p rojects diverting 

water from the Atchafalaya River : Atchafalaya River Diversion (03a.DI.05) and Increase 

Atchafalaya Flow to Terrebonne (03b.DI.04). Unlike the Mississippi River, the Atchafalaya River is 

within the ICM domain; the model compartments and li nks automatically update the river 

flowrate downstream of the diversion locations based upon the hydrodynamics of the modeled 

system. To implement these two projects, a new open channel link was added to the model 

domain representing each diversion locatio n. The flow within these diversion links was then 

assigned as directly proportional to the flow within the main stem of the Atchafalaya River 

immediately upstream of the diversion location. The portion of flow diverted for 03b.DI.04 was 

11% of the Atchafal aya River flow, and 03a.DI.05 diverted 26%. If a simulation was required with 

both of these diversions active at the same time, the diverted flow reduced to 8% and 17% of 

the Atchafalaya River flow for 03b.DI.04 and 03a.DI.05, respectively. The proportion of river flow 

diverted was determined from a study of these two proposed projects ( Moffatt & Nichol, 2016 ). 

 

1.9 Barrier Islands  

Barrier island restoration projects were implemented in the ICM by incorporating a project 

design template into the DEM  that repre sents the cross -shore profiles (spaced at 100  m in the 

long -shore direction) within the Barrier Island Model ( BIMODE) subroutine. The project design 

template specified a pro ject footprint area and a cross -shore profile with defined elevations for 

beach, du ne, and back barrier marsh zones. When implemented within the model, the pre -

project elevation data were  updated to meet the elevations prescribed in the design template. 

The amount of fill required to build to the design elevation varie d  based upon implem entation 

year and scenario; therefore, the required fill volume was calculated to accurately determine 

the variation in project costs.  

 

The design elevation and areal extent of the barrier island restoration projects were prescribed 

prior to model implemen tation. However , the exact location of the project was not 

predetermined due to different rates of island migration over time. The project location was 

determined by matching the template shoreline location with the FWOA shoreline location at 

the beginning  of the implementation year. This was  required because  the fill volume calculation 

was  performed by comparing  the pre - and post -project elevations. If a static template location 

was used, fill volumes (and subsequent project costs) would be inaccurate due to the migration 

of barrier island shorelines over time.  

 

The BIMODE subroutine has a m odel structure defined by cross -shore profiles; the spatial 

resolution is 2 m in the cross -shore direction with 100 m  spacing o f profiles in the long -shore 

direction. This resolution was sufficient to accurately represent the project design template, but 

the resolution was  adjusted when BIMODE output was passed to the wetland morpholo gy 

subroutine. The BIMODE cross -shore profi les are interpolated into a  30 x 30 m DEM that is stitched 

into the coast wide DEM used by the wetland morphology subroutine. This 30 m DEM is the 

elevation dataset that was provided  to the ADCIRC+SWAN model ; however, the barrier island 

portion of the ADCIRC+SWAN domain utilize d  the  high resolution cross -shore profile data directly 

from the post -project BIMODE output.  
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1.10  Surge and Wave Modeling of Restoration Projects  

The ADCIRC+SWAN model implemented restoration projects using the project properties as they 

were described by the ICM  model outputs. The projects were applied to the ADCIRC+SWAN 

model in the form of changes to topographic/bathymetric elevation and changes to land use 

characteristics which were converted into frictional parameters. The same control volume 

averaging method  used to implement future environmental scenarios was also applied here  

(Attachment C3 -25.1; Appendix  3, Figure 53). 

The exceptions to the control volume averaging method were  for the treatment of ridge 

restoration and barrier island projects. Like other r aised features, such as roadways and coastal 

ridges, which are not modeled as weirs but are still important for flood routing, ridge  restoration 

projects  and barrier islands had  explicitly defined  crown elevations . This approach avoid ed  

artificially loweri ng crown elevations due to smoothing associated with the control volume 

averaging technique. Ridge crown elevations were  applied using the DEM processed from ICM 

model outputs. Barrier island crown elevations were  similarly mapped from BIMODE outputs.  

 

1.11 Structural Protection  

1.11.1 ADCIRC/SWAN  

Structural hurricane protection projects evaluated in the 2017 Coastal Master Plan include one 

or more of the following basic components: earthen levee, concrete T -wall, and floodgates. 

Floodgates are typically constructed at road, railroad, and water body crossings. Additionally, 

pump stations are included in the interior of ring levees . The ADCIRC+SWAN model was used to 

evaluate how structural protection projects affected water surface elevation (surge) and wave 

response throughout coastal  Louisiana.  

 

To maximize computational efficiency, structural protection  projects were divided into six model 

mesh groupings. An examp le grouping is shown on Figure 2 and contains  four projects. 

Groupings were chosen such that projects would  not interact and, therefore, could  be studied in 

isolation though they were simulated in the same model mesh.  
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Figure 2: Example Hurricane Protection Project Grouping for the Project Implementation Phase.  

 

Project features (i.e., earthen levee, concrete T -wall, and floodgates ) were implemented using 

ADCIRCõs weir boundary condition. The ADCIRC weir boundary condition defines a feature that 

is too small to be captured accurately solely using finite elements in a particular model region. 

Overtopping volumes were computed using th e formula for a broad crested weir when the 

computed stillwater elevation on either side of the boundary exceeds the specified crest 

elevation. Crest elevations are defined by the design elevations for each project feature. If the 

crest elevation is not ex ceeded, the feature appears numerically as a vertical wall.  

The SWAN model also implements these features as vertical walls ; however, wave heights are 

assumed to be reduced to zero when crossing the feature before being allowed to redevelop 

on the opposit e side of the boundary. Overtopping volume s due to waves were  not  computed 

within ADCIRC+SWAN.  

Many other such features are implemented in ADCIRC this way, including significant local levees 

and federal levees such as the Mississippi River levees, Greater New Orleans levees, and the 

levees encompassing Larose to Golden Meadow. For the purposes of this modeling effort , all 

structures were  assumed to be in their closed position , and pumps were  not operated.  

1.11.2 CLARA 

Structural risk reduction projects, including new or upgraded earthen levees, concrete T -walls, 

floodgates, and pumps were evaluated using the CLARA model to estimate their potential for 

flood depth and damage reduction. The structural features evaluated in the 2017 analysis are 

described in Appendix A of the 2017 Coastal Master Plan (McMann et al., 2017 ). 
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Structural projects are represented as elevated weir features in surge  and wave hydrodynamic 

modeling. These projects are each incorporated into one of six coast wide groups that include 

sets of proj ects expected to provide independent utility and benefits, so that the effects of one 

project in a group do not interact or conflict with another. In the case of unenclosed protection 

projects (i.e., fronting barriers), storm surge and wave results from a sample of 60 simulated 

storms are used directly for statistical flood depth calculations in the CLARA model pre -

processing module at each CLARA grid point (Fischbach et al., 2016).  

For upgraded or newly enclosed protected systems, alternately, storm surge  and wave results 

are provided with the project in place for a series of òsurge and wave pointsó (SWPs) surrounding 

the protection system. In these cases, information about the new or upgraded system within the 

CLARA model flood depth module  is also utilized to estimate flood depths in enclosed areas. The 

additional information includes structure heights, fill or armoring characteristics, geospatial 

alignment, and the location of transition features such as pumps or gates (see Appendix A). 

Enclosed protecte d systems are then evaluated using the CLARA  model  flood depth module 

using the same approach described in Fischbach et al. (2012  & 2016).  

The CLARA model generates statistical estimates of flood depth annual exceedance 

probabilities at every CLARA grid po int with both unenclosed and enclosed projects in place for 

each group to produce a final set of future with project  (FWP) flood depths. This exercise is 

repeated for every combination of project group, environmental scenario, and fragility scenario 

in the  2017 analysis. All scenarios are evaluated in year 25 and year 50 future conditions. Note, 

however, that only the low  environmental scenario is evaluated in year 10; CPRA assumes that 

these results can be used as a reasonable proxy for the year 10 medium and high  scenario 

conditions to better conserve supercomputer resources for hydrodynamic modeling.  

Next, a series of geospatial polygons are generated which indicat e the zone of influence for 

each structural project within a group. These polygons are developed based on a combination 

of storm surge and wa ve results and expert judgment . These polygons are used to estimate the 

effects of the individual structural project s within each group, with the assumption that only grid 

points within the polygon for a given project will change from the FWOA to FWP. Flood depth 

changes outside of the project influence zone are disregarded. In this way, a coast  wide project 

group can b e divided into a series of individual, regionally focused project effects. Furthermore, 

when evaluating enclosed protected systems, only changes to SWPs within the project influence 

zones are considered in the flood depth module; if a portion of the system  lies outside of any 

project influence zone, the FWOA surge and wave values are used instead. This is done to 

reduce the potential impact of noise in the ADCIRC and SWAN models.  

Finally, the CLARA model damage module is used to estimate direct damage from flooding with 

the project in place and  summarized using the expected annual damage (EAD) metric at each 

CLARA model grid point. Influence zone polygons are again used to assign FWP damage to 

individual projects. Results from the FWP and FWOA analysis are t hen summed and aggregated 

using the methods described in Fischbach et al. (2016), Sec. 5.3.4, to estimate the mean and 

standard deviation of the change in EAD (risk reduction project benefit) for each of the 54 

summary risk regions across the Louisiana coa st. Except for year 10, for reasons noted above, this 

process is repeated for every project group, environmental scenario, and fragility scenario 

evaluated in the CLARA model . The damage estimates also include three distinct population 

and asset growth sce narios (Fischbach et al., 2016), adding an additional layer of scenario 

uncertainty on the flood depth results using full factorial combination.  
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1.12  Nonstructural  

Nonstructural projects are evaluated directly in the CLARA damage module according to the 

metho ds described in Fischbach et al. (2012  & 2016).1 For the 2017 analysis, these projects 

consider different levels of investment in flood hazard mitigation in different coastal 

communities, all compared to the FWOA flood damage level as a baseline. The CLARA model 

uses a set of decision rules to determine where and how much investment would  be  made. 

Specifically, òproject variantsó describe how decisions are made regarding which 1) locations 

and 2) structures are eligible for elevation, floodproofing, or acqu isition.  

Project variants are defined by the standards for mitigation heights used to determine which 

structures should be elevated, floodproofed, or acquired. The standards are determined by 

median estimates of the 100 -year flood depths at each CLARA mod el grid point under a 

specified landscape scenario and year, plus two feet of òfreeboardó above the median 100-

year depth. Project variants differ in which landscape scenario and year these depths are 

drawn from; grid point locations with no 100 -year flood  depths are not considered for investment 

in a given variant. More detail on the iterative process used to identify project variants can be 

found in Groves et al . (2016). 

The CLARA team developed and provided an initial set of analysis results to the Plann ing Tool 

Team to support CPRAõs identification of nonstructural project variants. These data were 

provided for each proposed variant and CLARA model grid point under each of the future 

scenarios under consideration. Specific data provided include:  

¶ Counts o f the structures elevated, floodproofed, and acquired ;  

¶ Costs of elevations, floodproofing, and acquisitions ; and   

¶ Benefits of nonstructural risk reduction (reduction in EAD compared to FWOA).  

The CLARA team also provided data summarizing other relevant ch aracteristics of areas 

considered for nonstructural risk reduction investment to help support the identification of 

project variants. These include the percentage of households categorized as low  to  moderate 

income (LMI), the number of properties that have  suffered repetitive loss (RL) or severe repetitive 

loss (SRL) from flood events in the past, and estimates of median 100 -year flood depths under 

initial conditions and in selected future scenarios. Estimates of the percentage of LMI households 

and the num ber of RL and SRL properties by grid point were derived from the Department of 

Housing and Urban Development (HUD) FY 2014 low to moderate income summary data (HUD, 

2015), as well as data provided by CPRA originally provided by the Federal Emergency 

Management Agency (FEMA) and the Louisiana Governorõs Office of Homeland Security and 

Emergency Preparedness (GOHSEP), respectively.  

Key assumptions related to nonstructural project implementation in the CLARA model include:  

¶ Following the 2012 analysis, this analysis assumes 70% participation when voluntary 

nonstructural mitigation incentives are offered. This means that 70 % of eligible structures 

are mitigated in targeted CLARA model grid points.  

¶ Residential structures can be elevated up to a maximum of 4.3 m above existing 

adjacent grade. If the standard exceeds this level, the structure is acquired instead.  

                                                      

 
1 Note that a version of this discussion also appears in Fischbach et al. (2016), Sec. 8.4.  
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¶ Commercial, industrial, and public buildings can receive dry floodproofing if the 

foundation is three feet or less below the reference standard. Res idential dry 

floodproofing is not considered in this analysis.  

The parameter values for the seven  project variants chosen for evaluation by CPRA are 

summarized in Table 1. The mitigation standards determined by each variant were run through 

the CLARA economic module for every combination of flood depth and economic scenario. 

Separate decisions are made in the Planning Tool for each of 54 ònonstructural project areas,ó 

which correspond directly to the CLARA  model  risk regions but only include geographic regions 

that have assets identified as eligible for nonstructural investment (see Fischbach et al., 2016). 

The seven  variants were run through each of the  54 nonstructural project areas, yielding a total 

of 7 X 54 = 378 separate nonstructural projects for consideration in the 2017 Coastal Master Plan 

analysis. 

Table 1: Selected Nonstructural Project Variants . 

Project variant  Landscap e 

scenario  

Year  Additional filters 

1 - 1 (initial 

conditions)  

- 

2 Low 10 - 

3 Medium  10 - 

4 High 10 - 

5 Medium  10 Only grid points where 

LMI > 30% 

6 Medium  25 - 

7 High 25 - 

 

Using the final set of nonstructural project variants identified, the CLARA  team prov ides data to 

the Planning Tool T eam describing results from the analysis for each variant in each future year 

and scenario condition. One data set describes the characteristics of the project variants, 

including their construction costs, the numb ers of structures mitigated by structure type, and 

nonstructural project duration. Duration is calculated as a function of the total number of 

structures mitigated in each risk region using a crosswalk provided by CPRA ( Table 2). 

Table 2: Nonstructural Project Duration Assumptions . 

Structures mitigated ( risk region)  Assumed duration ( years)  

0-30  1 

31-200  2 
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Structures mitigated (risk region)  Assumed duration (years)  

201-500  3 

501-1000  4 

1,001-2,000  5 

2,001+  7 

 

Another dataset describes the summary characteristics of the areas where nonstructural 

mitigation is implemented, including percent LMI, count of RL and SRL properties, and number of 

structures eligible for mitigation. As with the structural projects, all of these results are summarized 

by risk region. Finally, a third set details the estimated EAD reduction benefits from each 

nonstructural project, compar ing the with -project and FWOA damage values using the same 

methods described above for structural projects. The final results are summarized by 

nonstructural project variant, risk region, scenario, and year.  

 

2.0 Initial Conditions  

2.1 Landscape and Ecosystem  

The initial characteristics of landscape and ecosystem are, for the most part, derived from 

existing data sources. Information about these initial conditions datasets, data sources, and 

data preparation is provided in Attachment C3 -27: Landsc ape Data. Some adjustments were 

made to account f or projects recently constructed or that are expected to be constructed in 

the near future  (Appendix A) . The graphics below show  the initial conditions for the 2017 Coastal 

Maste r Plan modeling effort. Figure 3 shows starting eleva tions across the coast, Figure 4 shows 

coast wide land -water configuration, and Figure 5 shows initial vegetation cove r.  
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Figure 3: Initial Topography and Bathymetry for the 2017 Coastal Master Plan Modeling Effort.  
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Figure 4: Initial Land/ Water for the 2017 Coastal Master Plan Modeling Effort.  
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Figure 5: Initial Vegetation Cover for the 2017 Coastal Master Plan Modeling Effort.  

 

 

  






































































































































































































































































































































































































































































































































































































































































































































































































































