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Introduction

The Wetland Value Assessment (WVA) methodology is a quantitative habitat-based assessment methodology developed for use in determining wetland benefits of project proposals submitted for funding under the Coastal Wetlands Planning, Protection, and Restoration Act (CWPPRA).  The WVA quantifies changes in fish and wildlife habitat quality and quantity that are expected to result from a proposed wetland restoration project.  The WVA operates under the assumption that optimal conditions for fish and wildlife habitat within a given coastal wetland habitat type can be characterized, and that existing or predicted conditions can be compared to that optimum to provide an index of habitat quality.  Habitat quality is estimated or expressed through the use of community models developed specifically for each habitat type.  The results of the WVA, measured in Average Annual Habitat Units (AAHUs), can be combined with cost data to provide a measure of the effectiveness of a proposed project in terms of annualized cost per AAHU gained.  In addition, the WVA methodology provides an estimate of the number of acres benefited or enhanced by the project and the net acres of habitat protected/restored.

The WVA was developed by the CWPPRA Environmental Work Group (EnvWG) after the passage of CWPPRA in 1990.  The EnvWG includes members from each agency represented on the CWPPRA Task Force and members of the Academic Advisory Group (AAG).  The WVA is a modification of the Habitat Evaluation Procedures (HEP) developed by the U.S. Fish and Wildlife Service (U.S. Fish and Wildlife Service 1980).  HEP has been widely used by the Fish and Wildlife Service (FWS) and other Federal and State agencies in evaluating the impacts of development projects on fish and wildlife resources.  A notable difference exists between the two methodologies, however, in that HEP generally uses a species-oriented approach, whereas the WVA utilizes a community approach.

The WVA has been developed for application to several habitat types along the Louisiana coast and community models have been developed for fresh marsh, intermediate marsh, brackish marsh, saline marsh, swamp, barrier islands, and barrier headlands.  Habitat assessment models for bottomland hardwoods and coastal chenier/ridge habitat were developed outside of CWPPRA and are periodically used by the EnvWG.  The WVA models have been developed for determining the suitability of Louisiana coastal wetlands in providing resting, foraging, breeding, and nursery habitat to a diverse assemblage of fish and wildlife species.  The models have been designed to function at a community level and therefore attempt to define an optimum combination of habitat conditions for all fish and wildlife species utilizing a given habitat type.  Each model consists of 1) a list of variables that are considered important in characterizing fish and wildlife habitat, 2) a Suitability Index (SI) graph for each variable, which defines the assumed relationship between habitat quality (Suitability Index) and different variable values, and 3) a mathematical formula that combines the Suitability Index for each variable into a single value for habitat quality; that single value is referred to as the Habitat Suitability Index, or HSI.  The output of each model (the HSI) is assumed to have a linear relationship with the suitability of a coastal wetland system in providing fish and wildlife habitat.

Note: This document has been primarily developed to guide the application of the coastal marsh community models for CWPPRA.  However, the guidance it provides may be used by other restoration programs (e.g., Louisiana Coastal Area, U.S. Army Corps of Engineers Civil Works) recognizing the distinction between projects that result in net habitat gain (i.e., restoration), net loss (i.e., development), or no net loss (i.e., mitigation).  Furthermore, for development and mitigation projects, it should be recognized that the role and jurisdiction of specific groups may vary from program to program.  In addition, these models may be used to calculate the number of average annual habitat units lost to determine the potential impacts and adequately compensate (i.e., mitigation) for those impacts.

Geographic Scope

Hydrographic factors including tidal inundation frequency and duration are particularly important for nekton as it determines the accessibility of the marsh surface and thus the potential for habitat use.  These factors vary considerably geographically and as a result the supporting documentation within the model predominantly focuses on the northern Gulf of Mexico.  For example, in a literature review of salt marsh use by nekton, Minello et al. (2003) found greater use of salt marsh by nekton in the Gulf of Mexico than the Atlantic Coast.  Although some of the scientific literature included studies along the Atlantic coast, the relative weights of the variables and forms of the SI graphs are based upon habitat characteristics of coastal marshes in eastern Texas and coastal Louisiana.  Consequently, the model is applicable from Galveston Bay, TX through coastal Louisiana.  Use of the model outside of this area is not recommended as it may not adequately represent the community dynamics.

Minimum Area of Application

Numerous species of wildlife and transient and resident nekton species utilize the tidal marshes of Louisiana and eastern Texas making it extremely difficult to assign an appropriate minimum habitat size.  It is important to recognize that tidal marsh landscapes have two major components, the vegetated intertidal zone and the aquatic habitats of pools and channels (Kneib 1997b).  Any assessment of the value of a particular habitat should be large enough to include pools and channels if these were to develop in the area being examined.  Another important factor which influences the minimum scale, to which these models should be applied, is the scale of the input data being used.  If a project area is less than 25 acres, it is likely that this small area will not reflect the actual land loss in the vicinity.  The EnvWG should determine a larger project area that accurately depicts land loss.

[bookmark: _Toc255809259]Evaluation of Nominated Projects

Each year, projects are nominated at regional planning team meetings held at various locations along the coast.  Each nominated project is assigned to one of the five Federal agencies which administer the CWPPRA program.  Those agencies include the FWS, Environmental Protection Agency (EPA), National Marine Fisheries Service (NMFS), U.S. Army Corps of Engineers (USACE), and Natural Resources Conservation Service (NRCS).  The sponsoring agency is responsible for preparation of fact sheets which include a project description, preliminary costs, and an estimate of project benefits.  The features, estimated benefits, and estimated costs for all nominated projects are reviewed by the EnvWG and the Engineering Work Group (EngWG).  The benefits and cost estimates, and other pertinent information are provided to the Planning and Evaluation Subcommittee which prepares a matrix containing all project information.  The Technical Committee utilizes that information in selecting which projects to further evaluate as candidate Priority Project List (PPL) projects.  Candidate projects remain assigned to one of the five Federal agencies.  The Louisiana Office of Coastal Protection and Restoration (OCPR) usually serves in a supporting role to the Federal agencies although they may have the primary responsibility of preparing information for some candidate projects.  The sponsoring agency serves as the point of contact for the project and is responsible for development of project features, preparation of cost estimates, and preparation of the draft WVA.

[bookmark: _Toc255809260]Field Investigation of Candidate Projects

The first step in evaluating candidate projects is to conduct a field investigation of the project area.  This field investigation has several purposes: 1) familiarize the EnvWG and EngWG with the project area, 2) visit the locations of project features, 3) discuss a benefited area for the upcoming project boundary meeting, 4) determine habitat conditions in the project area, 5) compile a list of vegetative species and discuss habitat classification, and 6) collect data for the WVA (e.g., cover of submerged aquatics, water depths, salinities, etc.).

The sponsoring agency is responsible for field trip logistics and coordinating with landowners, local government, all CWPPRA agencies, the AAG, and other field trip attendees.  Field trip attendees typically consist of each agency’s EnvWG and EngWG representatives.   The sponsoring agency should be familiar with the project area so that field time is spent efficiently.

The primary purpose of the field investigation is to allow members of the EnvWG and EngWG to familiarize themselves with the project area and project features in order to make informed decisions in the evaluation of the WVA.  The sponsoring agency should not treat the interagency field investigation as the only opportunity to conduct surveys or take measurements to develop designs and/or cost estimates for the project.  The sponsoring agency should have obtained that information during previous field trips or should plan a follow-up field trip.  In cases where the project area is very large, it may be necessary to divide the group into small work parties to collect WVA information across the project area or to allow some areas to be investigated by at least a subset of the entire group.  However, an effort should be made to keep the group together to facilitate discussion about wetland conditions in the project area, the causes of habitat loss, the project features, and the effectiveness of the project features.
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The project boundary is the area where a measurable biological impact, in regard to the WVA variables, is expected to occur with project implementation.  Project boundary meetings are attended by the EnvWG, EngWG, and sometimes other agency representatives.  The U.S. Geological Survey (USGS)-Baton Rouge Field Station provides GIS support.  Proposed project boundaries (i.e., shape files) should be provided to USGS prior to the boundary meeting.  At the boundary meeting, the project sponsor presents the project features and rationale for the proposed benefited area.  The boundary is discussed by the entire group and revisions to the boundary are made by consensus or, if necessary, by vote.  In addition to the project boundary, an extended boundary may need to be delineated.  The extended boundary is used to derive the land change rate, when the project boundary is smaller than 1,500 acres.

The benefited area must be divided into subareas based on habitat/marsh type so that the correct model can be applied.  The most recent Vegetative Type Maps (Sasser et al. 2008) are typically used to divide the benefited marsh into subareas.  The 1993 GAP data (merged with the 2001 marsh types and either 1999 or 2001 land/water scenes) is also utilized particularly when forested wetlands are included.  However, if agreed to by the EnvWG, recent field investigations or other data (e.g., 1997 National Wetlands Inventory) may be utilized to delineate marsh types within the project area.  Any reclassification of the project area or subareas must be approved by the EnvWG.  Reclassifying habitat should not be viewed as a means of reducing the number of subareas to simplify the project evaluation.  Incorrect habitat classification can result in an inaccurate measure of project benefits, depending on project impacts.

In some instances, small areas of a particular marsh type may be combined with the more prevalent type within the project area.  For example, a 100-acre area of intermediate marsh may be combined with an adjacent 5,000-acre area of fresh marsh.  Determining the benefits for each individual small area could unnecessarily complicate the evaluation, be time-consuming, and may not significantly affect the overall project benefits.  Any decision to combine a small area of one habitat type with a larger area of a different habitat type must be approved by the EnvWG.

Conventions have been established for certain project types (i.e., marsh creation/nourishment and shoreline protection).  In most cases, the boundary for marsh creation projects is the project footprint or the area to be filled with dredged material.  However, benefits could extend beyond the project footprint if it is determined that other areas would be protected from marsh loss or enhanced by the adjacent marsh creation/nourishment.  

The boundary for shoreline protection projects is defined as the area that would erode at a given rate (ft/yr) over the project life (20 years) (Figure 1).  Shoreline erosion rates are determined by the USGS using aerial photography and GIS software and an average erosion rate (e.g., 1998 to 2010) is calculated along the shoreline reach to be protected.  That rate of loss (e.g., 10 ft/yr) is projected over the 20-yr project life and a 20-yr erosion “footprint” is determined.  The project area also includes any open water between the shoreline and the shoreline protection feature (e.g., foreshore rock dike).  In some cases, shoreline protection benefits may extend to an additional area beyond the 20-yr erosion footprint if areas of fragmented marsh and open water would deteriorate with a direct connection to the bay/lake.

Note: Outside of the CWPPRA process (e.g., USACE civil works project evaluations), restoration boundaries are determined through the use of aerial/satellite photographs, LIDAR information, USGS habitat and quadrangle maps and site visits.  The boundary and revisions to the boundary are made by interagency group consensus.  For non-restoration projects, boundaries are usually provided by the construction agency as areas designated for construction or clearing (typically to provide temporary or permanent rights-of-way) or areas that will experience changes in hydrology.
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Figure 1.  Project area determined for a shoreline protection project.
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All CWPPRA project WVAs are conducted for a period of 20 years which corresponds to the authorized life of a CWPPRA project.  (Note: Other programs (e.g., LCA) may require a longer period of analysis (e.g., 50 years or more to include the date of impact, construction duration, or date of mitigation)).  Each project evaluation must include target years (TY) 0, 1, and 20.  Target year 0 (TY0) represents baseline or exiting conditions in the project area and TY20 (or TY50 for LCA projects) represents the projected conditions at the end of the project life.  A linear fit (over the project life) is used to make the projection unless there are expected changes that may occur in the intervening years.  Examples of these changes include (but are not limited to): 

1.  Storm events:  Storm frequencies for the Louisiana coast vary depending on the period of record analyzed but are generally 8 to 10 years.  For sites located along the gulf shoreline, it may be necessary to select a target year which corresponds to a storm event which is likely to occur within the project life in order to capture the effects of the storm.  In the marsh, storm events can result in salinity increases as well as marsh loss.  Selection of a storm impact target year should be based on the storm return frequency that would result in substantial impact.  Storm impact and return frequency (Stone et al., 1997), by barrier system, should be used as justification when selecting target years.  If the future without-project (FWOP) loss rates are based on data which include the effects of storm events then care must be taken to ensure that effects of storm events are not double counted.

2.  Changes in frequency and duration of flooding:  As relative sea level (RSL) rise continues, flooding frequency and duration may increase which could result in marsh loss.  Project features could also decrease flooding frequency and duration or increase flooding duration if drainage is retarded by structures.

3.  Salinity changes:  Salinity may increase as a system continues to lose land or is impacted by a channel breach.  Project features may also lead to a decrease in salinity resulting in a shift to a new marsh type.

4.  Project implementation:  Additional CWPPRA (or non-CWPPRA) projects may be built which could influence the conditions in the current project area.

5.  Maintenance events:   These would include items such as phased planting, a second lift on rocks used for shoreline protection, additional pumping of material for marsh creation, replacement of structures, gapping containment dikes, construction of ponds or creeks, etc.

6.  Increase or decrease in vegetative cover:   These could be associated with project features (initial or phased) or environmental changes (see numbers 2, 3, and 5).

During the life span for which a project analysis is conducted, target years are selected which represent time intervals when changes are expected to occur.  When habitat or environmental conditions change sufficient to result in a change to a variable’s suitability index, additional target years may be added to the analysis.  The new conditions are then projected forward to obtain the expected conditions until the next target year, or the end of the project life if there are no more intervening target years.  In addition, target years should be selected for years in which any variable undergoes sufficient change to result in a large change in the overall HSI. 

The EnvWG has adopted certain target year conventions for certain project types.  Although these conventions are generally applied, exceptions are sometimes proposed and may be accepted by the group.  It should be noted that these conventions are based on assumptions developed by the group and have not been validated.  It is the responsibility of the project sponsor to provide justification for deviating from these conventions and this should be recorded in the Project Information Sheet.  These conventions are summarized in Table 1.  Listed are the target years for each of the WVA models as well as additional years needed for marsh creation and nourishment projects.  Storm event impacts on brackish and saline marshes may be included if appropriate.  Maintenance events shall be included as additional target years as needed; other target years may be added to include other expected events (vegetation or salinity shifts, or changes in RSL rise).   The number of target years may be extended for programs which require consideration of a longer project life.  Values for all variables must be determined for each target year selected.  The variable values represent conditions at the end of the target year.  For future with-project (FWP), TY1 represents the conditions in the project area one year after project construction.

Table 1.  Summary of Target Years used for CWPPRA projects. 

	Project/Habitat Type
	Target Year
	

	
	0
	1
	3
	5
	10
	20
	>20

	Marsh Creation
	Measured baseline
	25% marsh credit (planted)
17.5% credit (50% initially planted)
10% marsh credit (not planted)
	100% marsh credit (planted)
50% credit (50% initially planted)
30% marsh credit (not planted)
	100% marsh credit (not planted or 50% initially planted)
	
	
	

	Marsh Nourishment
	Measured baseline
	50% marsh credit
	100% marsh credit
	
	
	
	

	Brackish Marsh
	Measured baseline
	
	
	
	Storm Event (?)
	
	Storm Event (?)

	Saline Marsh
	Measured baseline
	
	
	
	Storm Event (?)
	
	Storm Event (?)
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Use of the Community Habitat Models

Each community model contains a set of variables which is important in characterizing the habitat quality of several coastal wetland habitat types relative to the fish and wildlife communities dependent on those environments.  Baseline (TY0) values are determined for each of those variables to describe existing conditions in the project area.  Future values for those variables are projected to describe conditions in the area without the project and with the project.  Projecting future values is the most complicated, and sometimes controversial, part of this process.  It requires project sponsors to substantiate their claims with monitoring data, research findings, scientific literature, or examples of project success in other areas.  Not all future projections can be substantiated by the results of monitoring or research, and, as with all wetland assessment methodologies, some projections are based on best professional judgment and can be subjective.  It should be noted that future projections are not the sole responsibility of the project planner.  It is the responsibility of the evaluation team (i.e., agency representatives, academics, and others) to use the best information available in developing those projections.  Many times, the collective knowledge of the evaluation team is the only tool available to predict project benefits.  The various workgroups are comprised of many individuals with diverse backgrounds and all project scenarios are discussed by the group and a final outcome is usually reached by consensus.  Key assumptions made during the evaluation process, e.g., regarding the effects of climate change or storms, should be recorded on the Project Information Sheet.  There are occasionally off-site conditions and human disturbances adjacent to a project area.  These have an effect on the animals in the project area, however these disturbances are considered to be the same under FWOP and FWP conditions.

An important point to consider when projecting benefits is the effect of other constructed or authorized projects on the project area.  Benefits attributed to those projects should be taken into consideration when projecting benefits for any candidate project.  That procedure prevents a candidate project from being credited with benefits previously attributed to another project (i.e., double-counting).  CWPPRA projects are not taken into consideration unless authorized for construction.  Project planners should also consider the benefits of non-CWPPRA projects funded by other authorities (e.g., WRDA, State-only projects, and landowner-funded projects). An important aspect of the WVA, as it is used in restoration planning, is the comparison of the FWOP to the FWP condition.  If another project influences the project area of the evaluated project, the other project must be considered as baseline and put into both FWOP and FWP.  For instance, if a project being evaluated is in the area of a river diversion, the effect of the diversion must be considered in both the FWOP and FWP conditions.

[bookmark: _Toc255809269]Model Application 

The coastal marsh community models are applied to all marsh and associated open water habitats within the coastal zone.  Model application should correspond to the marsh type(s) found within the project area according to the habitat classification data obtained from USGS.  However, field investigations or other data may more accurately indicate the marsh type within the project area.

In some instances, a project area may shift from one marsh type to another under FWOP and/or FWP conditions.  Salinities may be expected to increase under without-project conditions and cause a shift from intermediate to brackish, or a freshwater diversion may cause a shift to fresher conditions.  In those cases, two models are required for the evaluation with a model switch at an intermediate target year.
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Baseline Habitat Classification and Land/Water Data

USGS provides baseline and historical land/water data for the project boundary over the time period from 1984 through 2010 (Table 2).  Dates and number of observations vary depending on location (Figure 2).  These data are used to determine land change over time in the project area and to calculate a land loss rate.  The data set also includes coastal water levels (if available), from the Grand Isle Station, for the date and time the image/photo was collected.  Although the water level is only from one coastal station, it does help in identifying data that may have been collected during extremely high or low water level conditions which may not be suitable in determining the loss rate.  All data and maps are provided (via the web) to the agencies by the USGS.  It is the responsibility of the project sponsor to review all maps and information provided by the USGS to ensure that the correct boundary was digitized and that the necessary information is provided. 


Table 2.  Data provided by USGS for use in CWPPRA WVA evaluations.
	Cloud Free Imagery

	Layer
	Path 21
	Path 22
	Path 23
	Path 24

	1
	3/25/1984
	4/6/1984
	1/13/1983
	11/30/1984

	2
	4/24/1987
	1/19/1985
	11/7/1984
	12/3/1985

	3
	10/17/1987
	3/27/1986
	1/26/1985
	1/20/1986

	4
	11/18/1987
	3/14/1987
	1/13/1986
	2/8/1987

	5
	12/4/1987
	10/8/1987
	8/25/1986
	3/12/1987

	6
	2/22/1988
	1/28/1988
	10/28/1986
	3/28/1987

	7
	2/24/1989
	2/13/1988
	10/15/1987
	9/4/1987

	8
	10/22/1989
	11/1/1990
	12/2/1987
	10/6/1987

	9
	12/25/1989
	11/17/1990
	4/24/1988
	1/26/1988

	10
	10/25/1990
	3/9/1991
	12/4/1988
	9/6/1988

	11
	9/26/1991
	2/8/1992
	3/10/1989
	10/11/1989

	12
	10/12/1991
	10/5/1992
	9/18/1989
	11/12/1989

	13
	2/1/1992
	3/14/1993
	10/20/1989
	12/14/1989

	14
	10/14/1992
	3/17/1994
	11/24/1990
	8/27/1990

	15
	3/7/1993
	4/2/1994
	4/1/1991
	10/14/1990

	16
	10/1/1993
	9/25/1994
	10/10/1991
	10/30/1990

	17
	1/21/1994
	9/28/1995
	1/14/1992
	10/17/1991

	18
	1/8/1995
	11/15/1995
	5/5/1992
	12/4/1991

	19
	1/24/1995
	4/7/1996
	10/12/1992
	2/6/1992

	20
	4/14/1995
	2/5/1997
	11/29/1992
	10/3/1992

	21
	12/10/1995
	10/3/1997
	3/5/1993
	10/19/1992

	22
	1/27/1996
	11/4/1997
	9/29/1993
	12/25/1993

	23
	2/12/1996
	12/6/1997
	10/31/1993
	3/31/1994

	24
	4/16/1996
	2/8/1998
	9/3/1995
	9/23/1994

	25
	5/5/1997
	2/24/1998
	10/5/1995
	3/18/1995

	26
	2/17/1998
	1/10/1999
	10/21/1995
	5/21/1995

	27
	1/19/1999
	1/26/1999
	11/22/1995
	2/17/1996

	28
	9/16/1999
	9/15/1999
	1/9/1996
	3/20/1996

	29
	11/3/1999
	9/23/1999
	1/25/1996
	3/7/1997

	30
	11/27/1999
	10/1/1999
	4/30/1996
	10/17/1997

	31
	12/29/1999
	10/25/1999
	7/3/1996
	11/2/1997

	32
	1/14/2000
	11/18/1999
	10/23/1996
	3/10/1998

	33
	10/28/2000
	11/26/1999
	11/8/1996
	1/24/1999

	34
	11/21/2000
	12/28/1999
	1/11/1997
	8/4/1999

	35
	3/5/2001
	1/5/2000
	5/3/1997
	10/23/1999

	36
	6/17/2001
	1/21/2000
	3/3/1998
	11/8/1999

	37
	10/15/2001
	2/6/2000
	4/4/1998
	11/16/1999

	38
	11/16/2001
	4/18/2000
	12/16/1998
	2/4/2000

	39
	12/26/2001
	9/17/2000
	3/22/1999
	2/20/2000

	40
	10/18/2002
	10/11/2000
	9/14/1999
	2/28/2000

	41
	12/21/2002
	11/20/2000
	9/22/1999
	11/26/2000

	42
	1/6/2003
	9/28/2001
	10/24/1999
	12/20/2000

	43
	1/14/2003
	10/30/2001
	1/20/2000
	1/5/2001

	44
	2/23/2003
	12/1/2001
	4/25/2000
	9/26/2001

	45
	3/19/2003
	2/27/2002
	11/27/2000
	10/20/2001

	46
	10/29/2003
	12/20/2002
	12/5/2000
	10/28/2001

	47
	11/14/2003
	12/28/2002
	9/27/2001
	1/8/2002

	48
	2/18/2004
	1/5/2003
	11/6/2001
	2/17/2002

	49
	10/15/2004
	10/4/2003
	2/2/2002
	1/19/2003

	50
	12/18/2004
	10/20/2003
	3/22/2002
	3/24/2003

	51
	9/16/2005
	2/11/2005
	10/16/2002
	9/16/2003

	52
	10/18/2005
	10/9/2005
	11/17/2002
	10/2/2003

	53
	11/22/2006
	10/28/2006
	1/4/2003
	10/18/2003

	54
	1/25/2007
	3/5/2007
	4/10/2003
	11/19/2003

	55
	3/16/2008
	4/6/2007
	9/25/2003
	2/7/2004

	56
	5/19/2008
	10/1/2008
	11/28/2003
	3/10/2004

	57
	10/26/2008
	11/2/2008
	12/30/2003
	8/17/2004

	58
	1/30/2009
	11/18/2008
	9/27/2004
	11/5/2004

	59
	2/2/2010
	1/21/2009
	10/13/2004
	10/7/2005

	60
	9/14/2010
	2/6/2009
	10/16/2005
	10/23/2005

	61
	9/30/2010
	9/2/2009
	11/17/2005
	2/12/2006

	62
	10/16/2010
	10/20/2009
	2/5/2006
	2/18/2008

	63
	11/17/2010
	11/5/2009
	4/10/2006
	3/5/2008

	64
	12/3/2010
	2/25/2010
	11/4/2006
	11/16/2008

	65
	12/19/2010
	10/7/2010
	11/20/2006
	12/2/2008

	66
	 
	11/8/2010
	9/20/2007
	1/19/2009

	67
	 
	2/12/2011
	2/27/2008
	2/4/2009

	68
	 
	3/16/2011
	4/15/2008
	2/20/2009

	69
	 
	 
	10/8/2008
	10/18/2009

	70
	 
	 
	11/9/2008
	11/3/2009

	71
	 
	 
	11/25/2008
	12/5/2009

	72
	 
	 
	3/1/2009
	1/22/2010

	73
	 
	 
	11/12/2009
	10/5/2010

	74
	 
	 
	2/16/2010
	11/6/2010

	75
	 
	 
	10/14/2010
	 

	76
	 
	 
	10/30/2010
	 

	77
	 
	 
	12/1/2010
	 

	78
	 
	 
	1/2/2011
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Figure 2.  Landsat Thematic Mapper Satellite paths.

Once the project boundary has been determined, the next step in preparation of a WVA is to determine the acreage of emergent and open water habitat within the project area.  Acreage figures are obtained from the most recent land/water data provided by USGS (Table 2), and are used to determine the acreage of marsh, open water, and the total acreage for the project area or subarea.  The marsh models calculate benefits to emergent and open water habitats separately and those benefits are combined to obtain the total project benefits.  Therefore, acreage figures for each habitat component and an explanation of the calculations are needed.  Uplands and other non-wetland habitats (e.g., spoil banks, developed areas, cropland) are usually removed from the project area.

Land loss rates for a project area are determined from the land/water data provided by the USGS as discussed in the Project Boundary Determination section (above).  If the data being used does not include current year data, then marsh loss should be applied to arrive at current year acreages.  For example, if the final year of data is 2009 and the current year is 2011, then 2 years of loss should be applied to the 2009 marsh acreage to arrive at the current-year acreage.  An Excel spreadsheet, which calculates the annual loss for each target year, is available to assist with marsh loss calculations and should be used for all such calculations in the WVA.  In addition, baseline acreages of each marsh type and associated open water must be determined for the project area.  The 2007 vegetative marsh types determined by Sasser et al. (2008) are merged with the most recent land/water data to provide that information.

A project area land loss rate, expressed as percent loss per year, is calculated by USGS using a linear regression of percent land values during a given time period (e.g., 1985 to 2009).  Recent studies (Barras et al., 2008) suggest that a linear regression analysis can provide a more robust estimate of recent trends by comparing land area over time.  Such regression analyses should exclude data which is heavily influenced by short-term storm effects, such as surge-induced flooding, marsh scouring, and/or wrack deposition.  It is also important to exclude data sets which anomalously increase water areas due to marsh flooding, visible on the source Landsat TM imagery.  Some studies (e.g., Barras et al., 2008) have excluded some data sets because of extensive, unclassified aquatic vegetation which exaggerates land area measurements.  An alternative method may be adopted if demonstrated and widely accepted to be more accurate.

The slope of the regression line indicates the trend of annual land area change.  A negative slope equates to land loss, whereas a positive slope equates to land gain.  The scatter of the land area data points around the slope illustrate measurement variance that may be associated with water area fluctuations caused by environmental effects or by classification error.  Prior studies have linked variations in water area measurements based on classified TM imagery to changes in water levels (Morton et al., 2005; Bernier et al., 2006).  The regression lines can be extended into the future to produce short-term projections based on the prior years of data. However, analyses of shorter time frames are more likely to show transitory environmental effects than permanent changes.  For example, when Morton and others examined 23 annual data sets of Landsat TM imagery (classified by land and water) acquired from 1983 through 2004, they found that water area varied by as much as 5 percent over short periods.

Project planners should be aware of the limitations and various anomalies associated with habitat classification and land/water data derived from aerial photography and satellite imagery and with the consequences of choosing either of these approaches.  Any given form of data can contain misclassifications because of unusual water levels or other conditions.  Users of such data should realize that they only provide a snapshot of the project area and that those conditions may or may not be representative of normal conditions in the project area.  An effort should be made to review other data, examine aerial photography or satellite imagery from multiple years, and conduct field investigations or ground-truthing to obtain an accurate understanding of conditions in the project area.  Documentation of the procedures used in the land loss projection should be included in the Project Information Sheet.

Note:  For non-CWPPRA projects, it should be noted that the method for calculating a loss rate should be consistent for the impact analysis and the mitigation analysis.

Variable Selection 

The foundation of each coastal marsh community model is a suite of habitat variables deemed important to coastal fish and wildlife species.  Variables were selected through a two-part procedure.  The first involved a listing of environmental variables thought to be important in characterizing fish and wildlife habitat in coastal marsh ecosystems (See Appendix A on pages 60-70 for a review of the variables’ role in providing fish and wildlife habitat).  The second part involved reviewing variables used in species-specific HSI models published by the U.S. Fish and Wildlife Service.  Review was limited to HSI models for those fish and wildlife species known to inhabit Louisiana coastal wetlands, and included models for 10 estuarine fish and shellfish, 4 freshwater fish, 12 birds, 3 reptiles and amphibians, and 3 mammals (Table 3).  The number of models included from each species group was dictated by model availability and those selected are intended to represent a composite of the overall fish and wildlife community.  Exclusion of certain species groups is not intended.

Selected HSI models were then grouped according to the marsh type(s) used by each species.  Because most species are not restricted to one marsh type, most models were included in more than one marsh type group.  Within each wetland type group, variables from all models were then grouped according to similarity (e.g., water quality, vegetation, etc.).  Each variable was evaluated based on 1) whether it met the variable selection criteria; 2) whether another, more easily measured/predicted variable in the same or a different similarity group functioned as a surrogate; and 3) whether it was deemed suitable for the WVA application (e.g., some freshwater fish model variables dealt with riverine or lacustrine environments).  Variables that did not satisfy those conditions were eliminated from further consideration.  The remaining variables, still in their similarity groups, were then further eliminated or refined by combining similar variables and/or culling those that were functionally duplicated by variables from other models (i.e., some variables were used frequently in different models in only slightly different format).  

Table 3.  HSI Models Consulted for Variables for Possible Use in the Coastal Marsh Models
	Estuarine Fish and Shellfish
	
Birds
	
Mammals
	
Freshwater Fish
	Reptiles and Amphibians

	Pink Shrimp
	White-fronted Goose
	Mink
	Channel Catfish
	Slider Turtle

	White Shrimp
	Clapper Rail
	Muskrat
	Largemouth Bass
	American Alligator

	Brown Shrimp
	Great Egret
	Swamp Rabbit
	Redear Sunfish
	Bullfrog

	Spotted Seatrout
	Northern Pintail
	
	Bluegill
	

	Gulf Flounder
	Mottled Duck
	
	
	

	Southern Flounder
	American Coot
	
	
	

	Gulf Menhaden
	Marsh Wren
	
	
	

	Juvenile Spot
	Snow Goose
	
	
	

	Juvenile Atlantic Croaker
	Great Blue Heron
	
	
	

	Red Drum
	Laughing Gull
	
	
	

	
	Red-winged Blackbird
	
	
	

	
	Roseate Spoonbill
	
	
	



Variables selected from the HSI models were then compared to those identified in the first part of the selection procedure to arrive at a final list of variables to describe wetland habitat quality.  That list includes six variables for each marsh type; 1) percent of the wetland area covered by emergent vegetation, 2) percent open water covered by submerged aquatic vegetation, 3) marsh edge and interspersion, 4) percent of the open water area < 1.5 feet deep, 5) salinity, and 6) aquatic organism access.

Suitability Index Graph Development

Each model contains Suitability Index graphs for each variable.  SI graphs are unique to each variable and define the relationship between that variable and habitat quality.  A variety of resources was utilized to construct each SI graph, including the HSI models from which the final list of variables was partially derived, consultation with other professionals and researchers outside the EnvWG, published and unpublished data and studies, and personal knowledge of EnvWG members.  A review of contemporary, peer-reviewed scientific literature was also conducted for each of the variables, providing ecological support for the form of the SI graph for each of the variables (Appendix A).  The process of SI graph development was one of constant evolution, feedback, and refinement; the form of each SI graph was decided upon through consensus among EnvWG members.
Nearly all of the SI graphs have a minimal SI of 0.1.  This is because any area that falls into the cover types addressed by the WVA models provides some habitat value.  For example, areas consisting of 100% open water have habitat value to many species of fish and wildlife.  Likewise, if an area has no submerged aquatic vegetation, it still has habitat value.  Even open water areas with no shallow water (<=1.5 feet) still have habitat value as deep open water can serve as drought refugia for fish and alligators.

The Suitability Index graphs were developed according to the following assumptions.

[bookmark: _Toc255809271]Variable 1 - Percent of Wetland Area Covered by Emergent Vegetation

Persistent emergent vegetation (i.e., emergent marsh) plays an important role in coastal wetlands by providing foraging, resting, and breeding habitat for a variety of fish and wildlife species; and by providing a source of detritus and energy for lower trophic organisms that form the basis of the food chain.  An area with no emergent vegetation (i.e., shallow open water) is assumed to have minimal habitat suitability in terms of this variable, and is assigned an SI of 0.1.  Optimal vegetative coverage (i.e., percent marsh) is assumed to occur at 100 percent (SI=1.0).  That assumption is dictated primarily by the constraint of not having graph relationships conflict with CWPPRA's purpose of long-term restoration and protection of vegetated wetlands.  The EnvWG originally developed a strictly biologically-based graph defining optimal habitat conditions at marsh cover values between 50 and 70 percent, and sub-optimal habitat conditions outside that range.  However, application of that graph, in combination with the time analysis used  in the evaluation process (i.e., 20-year project life), often reduced project benefits or generated a net loss of habitat quality through time with the project.  Those situations arose primarily when: existing (baseline) emergent vegetation cover exceeded the optimum (>70 percent); the project was predicted to maintain baseline cover values; and without the project the marsh was predicted to degrade, with a concurrent decline in percent emergent vegetation into the optimal range (50-70 percent).  The time factor worsened the situation when the without-project degradation was not rapid enough to reduce marsh cover values significantly below the optimal range, or below the baseline SI, within the 20-year evaluation period.  In those cases, the analysis would show net negative benefits for the project, and positive benefits for allowing the marsh to degrade rather than maintaining the existing marsh.  Coupling that situation with the presumption that marsh conditions are not static; Louisiana is losing marsh faster than any other place in the U.S. – one football field of marsh becomes water about every 30 minutes (Final Programmatic EIS for the LCA Ecosystem Restoration Study, 2004); and taking into account the purpose of CWPPRA, the EnvWG decided that, all other factors being equal, the models should favor projects that maximize marsh creation, maintenance, and protection.  Therefore, the EnvWG agreed to deviate from a strictly biologically-based habitat suitability index graph for V1 and established optimal habitat conditions at 100 percent marsh cover.

In each coastal marsh model, this variable is weighted the highest and thus influences project benefits the most.  Of the six variables, future projections for V1 require the most thought and are usually discussed at length during the WVA process.

FWOP projections for V1 typically involve applying the baseline land loss rate to the existing marsh acreage for the project lifespan.  Whichever method is selected, a spreadsheet which calculates land loss annually should be used.  Under some FWOP scenarios, that loss rate may be increased or decreased depending on expected changes in the project area.  The effects of salinity, subsidence, erosion, breaching of a shoreline/bank, constructed projects in the area, future projects in the area, and any other factor which may alter the loss rate should be considered.  The evaluation should include a TY when those changes are expected to occur.
FWP projections should address the changes expected to occur as a result of project implementation.  The effects of the project on salinity, subsidence, nutrient availability, sediment availability, and any other factor affecting marsh loss should be considered.  The planner should carefully consider the causes of loss in the area and the effects of the project on those causes.  Future projections should be supported by monitoring data, scientific literature, examples of project success in other areas, previous WVAs, or personal knowledge of the project area.  In some instances, best professional judgment provides the only basis for future projections.  However, supporting data and other information should be thoroughly reviewed before relying solely on best professional judgment.

The EnvWG has adopted V1 conventions for certain project types.  Although these conventions are generally applied, exceptions are sometimes proposed and may be accepted by the group.  It is the responsibility of the project planner to provide justification in the Project Information Sheet for deviating from these conventions.  Conventions include:

Marsh Creation – Marsh creation involves filling open water areas with dredged sediment to create marsh.  Therefore, only the open water acres filled with sediment within the project area are considered as marsh creation.  Emergent marsh which is covered with dredged material is considered as marsh nourishment and treated separately.  Elevation (as surrogate for hydroperiod) and plant colonization are guiding factors for assignment of marsh functionality.  At TY1, marsh creation projects typically receive credit for 25% of the created area if vegetative plantings are included as a project component and implemented in TY1.  It is assumed that a standard vegetative planting design (10'X5' spacing), will yield 25% coverage at the end of TY1 (i.e., after one growing season).  Even with vegetative plantings, coverage is not sufficient at TY1 for the entire marsh platform to be given credit as fully functional marsh.  At TY3, it is assumed that containment dikes have degraded (i.e., naturally or by mechanical means) and that the marsh platform has vegetated and consolidated to the point where it can achieve minimum wetland functions as necessary for the overall fish and wildlife community.  The entire marsh platform receives full credit at that time.  If vegetative plantings are not included as a project component, then 10% credit is applied at TY1, 30% at TY3, and 100% credit at TY5.  If design information (e.g., settlement curves) indicates higher elevations will prevail, full functionality will be delayed.

Exceptions to these conventions are sometimes applied such as when the project area is located within a fresh system such as the Atchafalaya or Mississippi River deltas.  Fresh environments can often naturally vegetate much more rapidly than brackish or saline areas, especially within river deltas.

The inclusion of tidal creeks (dredged prior to or after construction) also increases functional marsh credit.  Tidal creeks provide greater connectivity, increased edge, and overall greater habitat diversity.  If the acreage of tidal creeks is at least 2% of the marsh platform, then functional marsh credit is increased from 30% to 35% at TY3 for unplanted sites.  To avoid penalizing a project for the addition of this beneficial feature, the tidal creek acreage is not subtracted from the acreage of marsh when calculating the percent marsh value for V1.  Doing so would negate the benefits received from the increase in functional marsh credit at TY3.

Typically, a 50% reduction in the FWOP marsh loss rate is applied to marsh creation projects under FWP.  It is assumed that the higher elevation and better soil conditions of the created marsh provide for a more resilient marsh which will be lost at a reduced rate.  To date, CWPPRA marsh creation projects have performed well in terms of marsh loss.  However, most CWPPRA marsh creation projects are early in their project life and little can be said regarding long-term performance.  To assess performance over time, a frequency of inundation analysis may be conducted if sufficient data are available.

Note:  The above assumptions may not suffice for non-CWPPRA projects evaluated over a 50-year project life when sea level rise and subsidence have a greater impact on project performance or when the project premise is compensatory mitigation to ensure no net loss of habitat.

Marsh Nourishment - Marsh nourishment involves placing sediment over vegetated marsh.  It is therefore assumed that areas receiving nourishment will vegetate adequately without plantings and are also able to fully function as marsh by TY3.  At TY1, 50% of the nourished area is given credit as marsh and 100% marsh credit at TY3.  As with marsh creation projects, marsh nourishment projects are credited with a 50% reduction in the FWOP loss rate.

Shoreline Protection - For non-gulf shoreline protection projects, hard structures (e.g., rock dikes, rock revetments, breakwaters) are given credit for preventing 100% of the loss from shoreline erosion.  Vegetative plantings, with maintenance plantings to ensure adequate survival/cover, are typically given credit for reducing shoreline erosion by 50%.  Gulf shoreline protection projects do not receive credit for preventing 100% of the loss from shoreline erosion because of their increased susceptibility to storms as compared to interior shoreline protection projects.  Modeling or engineering analyses should be conducted to determine the level of protection.

Diversions – Diversions deliver nutrients and sediments into a designated area to nourish existing marsh or create new land.  The amount of nutrients and sediments delivered to a receiving area can be estimated to determine the effect on marsh loss and marsh accretion.  Such estimates consider the sediment concentration in the fresh water source, discharge rates for the diversion, duration of operation, depth of the receiving area, and a sediment capture rate.  The NSED Model (Boustany 2007 and 2010) is one method that can be used to estimate the benefits of nutrients and sediments introduced into coastal marshes.  The model uses soil condition (i.e., bulk density) and vegetation (i.e., plant productivity) to establish the minimum requirements to sustain a wetland and incorporates the effect of the additional material introduced by the source into the system. The estimated gains from the source material are then weighted against a land change rate to determine the net benefit which can then be compared under FWOP and FWP conditions.  The current version of the NSED model, NSED2, runs in an Excel format and is used by the EnvWG to project V1 for diversion projects.

Crevasses – Construction of small crevasses on the Mississippi and Atchafalaya River Deltas is sometimes utilized as a restoration technique.  Estimating the amount of land created by a crevasse is made easier by the use of a multiple linear regression model developed to evaluate such projects on the Mississippi River Delta.  The model was developed to estimate marsh growth for crevasse projects and considers parameters such as size of receiving area, parent channel order, and crevasse size.  The model can be obtained from members of the EnvWG and runs on an Excel spreadsheet.

Variable 2 - Percent Open Water Covered by Submerged Aquatic Vegetation (SAV)

The baseline (TY0) value for this variable often cannot be estimated in coastal Louisiana via visual estimates of cover because turbidity generally is great enough to obscure SAV even when SAV almost covers pond bottoms (e.g. Merino et al. 2005).  SAV abundance varies so much that neither estimates of biomass (via cores) nor objective measures of percent cover (estimated from presence/absence on a garden rake touched at numerous points across a pond) are effective alone.  Biomass estimates are preferred but estimating biomass is inefficient when SAV beds are small and few.  At the other end of the spectrum, estimating the percent of pond bottom covered by SAV fails to provide meaningful information when SAV beds cover virtually the entire pond bottom but plant stature varies spatially.  Furthermore, SAV is temporally dynamic in coastal Louisiana with great differences among years (Nyman and Chabreck 1996) and within years but lacks seasonal patterns within years (Merino et al. 2005).  For these reasons, the WVA often utilizes best professional judgment along with whatever data is available to generate input data for SAV.  Greater emphasis is placed on salinity and marsh type, as indicated by the observations of Chabreck (1971), with secondary emphasis placed on turbidity as indicated by the observations that terraces improve water clarity and increase SAV abundance (Bush Thom et al. 2004, O’Connel and Nyman in press).  

Fresh and intermediate marshes often support diverse communities of floating-leaved and submerged aquatic plants that provide important food and cover to a wide variety of fish and wildlife species.  A fresh/intermediate open water area with no aquatics is assumed to have low suitability (SI=0.1).  Optimal conditions (SI=1.0) are assumed to occur when 100 percent of the open water is dominated by aquatic vegetation.  Habitat suitability may be assumed to decrease with aquatic plant coverage approaching 100 percent due to the potential for mats of aquatic vegetation to hinder fish and wildlife utilization; to adversely affect water quality by reducing photosynthesis by phytoplankton and other plant forms due to shading; and contribute to oxygen depletion spurred by warm-season decay of large quantities of aquatic vegetation.  The EnvWG recognized, however, that those effects were highly dependent on the dominant aquatic plant species, their growth forms, and their arrangement in the water column; thus, it is possible to have 100 percent cover of a variety of floating and submerged aquatic plants without the above-mentioned problems due to differences in plant growth form and stratification of plants through the water column.  Because predictions of which species may dominate at any time in the future would be tenuous, at best, the EnvWG decided to simplify the graph and define optimal conditions at 100 percent SAV cover.

Brackish marshes also have the potential to support aquatic plants that serve as important sources of food and cover for several species of fish and wildlife.  Although brackish marshes generally do not support the amounts and kinds of aquatic plants that occur in fresh/intermediate marshes, certain species, such as widgeon-grass, and coontail and milfoil in lower salinity brackish marshes, can occur abundantly under certain conditions.  Those species, particularly widgeon-grass, provide important food and cover for many species of fish and wildlife.  Therefore, the V2 Suitability Index graph in the brackish marsh model is identical to that in the fresh/intermediate model.

Some low-salinity saline marshes may contain beds of widgeon-grass and open water areas behind some barrier islands may contain dense stands of seagrasses (e.g., Halodule wrightii and Thalassia testudinum).  However, saline marshes typically do not contain an abundance of aquatic vegetation as often found in fresh/intermediate and brackish marshes.  Open water areas in saline marshes typically contain sparse aquatic vegetation and are primarily important as nursery areas for marine organisms.   Therefore, in order to reflect the importance of those open water areas to marine organisms, a saline marsh lacking aquatic vegetation is assigned a SI=0.3.  It is assumed that optimal coverage of aquatic plants occurs at 100 percent.

Future projections for V2 should consider changes in salinity, freshwater introduction, nutrient input, turbidity, water depth, fetch, and other factors which affect SAV growth.  Perhaps the two most important factors to consider under FWOP and FWP conditions are salinity and nutrient input as SAV growth is highly dependent on each of those factors.  Few standard conventions have been adopted for projecting V2.  Future projections should be supported by monitoring data, scientific literature, examples of project success in other areas, previous WVAs, or personal knowledge of the project area.

[bookmark: _Toc255809273]Variable 3 - Marsh Edge and Interspersion

This variable takes into account the relative juxtaposition of marsh and open water for a given marsh:water ratio.  The baseline (TY0) value for this variable is determined by examining recent aerial photography of the project area and comparing it to the interspersion classes illustrated on pages 52-59.  The project area may be divided into different interspersion classes as many areas contain more than one class.  As with all variables, the baseline interspersion classes are discussed by the group and there is usually a group examination of the aerial photos.

Interspersion is especially important when considering the value of an area as foraging and nursery habitat for freshwater and estuarine fish and shellfish and associated predators (e.g., wading birds); the marsh/open water interface represents an ecotone where prey species often concentrate, and where post-larval and juvenile organisms can find cover.  Isolated marsh ponds are often more productive in terms of aquatic vegetation than are larger ponds due to decreased turbidity, and, thus, may provide more suitable waterfowl habitat.  However, certain interspersion classes can be indicative of marsh degradation, a factor taken into consideration in assigning suitability indices to the various interspersion classes.
A relatively high degree of interspersion in the form of tidal channels and small ponds (Class 1) is assumed to be optimal (SI=1.0); tidal channels and small ponds offer interspersion, yet are not indicative of active marsh deterioration.  Numerous small marsh ponds (Class 2) offer a high degree of interspersion, but can be indicative of the onset of marsh break-up and deterioration, and are therefore assigned a lower SI of 0.6.  

Large ponds (Class 3) and open water areas with little surrounding marsh (Class 4) offer lower interspersion values and usually indicate advanced stages of marsh loss.  Therefore, Classes 3 and 4 are assigned SIs of 0.4 and 0.2, respectively.  Also grouped within Class 3 are areas of “carpet” marsh which contain no or relatively insignificant tidal channels, creeks, trenasses, ponds, or other features of interspersion but may still provide habitat for aquatic organisms during tidal flooding.  

Terrace fields are typically constructed in areas generally classified as Class 4 or Class 5.  The addition of terraces can significantly increase the amount of marsh edge and interspersion.  Depending on the distance between terrace rows, the addition of terraces can result in areas classified as Class 4/5 improving to Class 3.  If the distance between terrace rows is 300 feet or less, the EnvWG assigns a Class 3 designation.  Terrace rows spaced greater than 300 feet apart do not receive a Class 3 designation and will likely be classified as Class 4.

Class 5 is characterized as a very advanced stage of marsh deterioration consisting of small marsh islands (i.e., a range of 0% to 10% marsh) or areas made up entirely of open water.  Habitat of this type provides little to no marsh edge and its function as nursery habitat for marine organisms or foraging habitat for avian predators has been significantly reduced.  Although habitats represented by this classification are predominantly unvegetated open water areas, they still provide habitat for many fish and shellfish species and provide loafing areas for waterfowl and other waterbirds.  Class 5 is assigned an SI of 0.1.  Also grouped within Class 5 are areas characterized as solid land with no interspersion features and little to no vegetation.  Newly created marsh with no ponds, creeks, or other tidal features would fall within this class.

Future projections for this variable can be difficult.  It requires the project planner to develop a mental picture of what the project area will look like after 20 years (and for intermediate years) of marsh loss under FWOP and also under improved conditions for FWP.  One technique which may assist with that process is reviewing aerial photos of other areas with similar conditions to those projected.

There are a few standard conventions which have been adopted for this variable.  The percentages of marsh and open water can sometimes be used to determine the amount of the project area to assign to each interspersion class.  For example, if an area is 50% marsh and 50% open water and the water area is large and contiguous, then the area could be classified as 40% Class 1 and 60% Class 4.  A small amount of marsh is included within or around the large open water area associated with Class 4; thus, 60% of the area is characterized as Class 4.  Assignment of interspersion Class 5 should be reserved for those areas which are entirely open water or contain a very small percentage of marsh (< 5%).

Marsh creation/nourishment projects are assigned Class 5 (i.e., no interspersion) at TY1, Class 3 (i.e., marsh platform with little interspersion features) at TY3, and Class 1 at TY5.  Incorporation of tidal creeks and ponds may expedite the level of interspersion assigned after TY1.
[bookmark: _Toc255809274]Variable 4- Percent of the Open Water Area <= 1.5 Feet Deep

This variable is the water depth based on the average water elevation in the project area.  The baseline (TY0) value for this variable is usually determined based on data from field investigations, from elevation surveys, or from the personal knowledge of project planners, landowners, or land managers in the area.  Water level data from staff gages or continuous recorders should be used whenever possible to determine the average water elevation, in the project area.  Water depths should be recorded during the site visit at multiple locations throughout the project area.  In many cases, the water depths recorded during the site visit can then be used with the water elevation data from the closest recording station for the same date and time as the site visit to determine the approximate bottom elevation.  This will allow for an estimate of the depths in the project area with an average water elevation.

A time series (~3 years) of water level data from a recording station (in the project area or close by) can be used to produce a cumulative distribution curve of the observed water levels.  The water depths observed during the project site visit can then be placed in the overall water level frame.  For example, if the measured depths were 2.5 feet and the site visit occurred during a time when the water levels were 1.0 foot higher than average, then the water depths under average conditions would be 1.5 feet.  Previous WVAs for other projects in the area can also be helpful.

Future projections for V4 should consider marsh loss trends, the historic formation of open water habitat in the project area, subsidence, tidal exchange, sedimentation, and other factors which affect water depths.  Few standard conventions have been adopted for projecting V4.  One convention that has been adopted is the addition of a subsidence rate to the water depth measurements to determine a value for TY20 under FWOP.  Subsidence rates can be obtained from the Coast 2050 Supplemental Appendices (Louisiana Coastal Wetlands Conservation and Restoration Task Force 1999).  Essentially, subsidence (e.g., 0.5 in/yr) will result in increased water depths, and thus less shallow open water, over the project life.

For shoreline protection projects, the existing slope along the shoreline is usually held constant during future years, making the calculation of this variable somewhat easier.  Open water habitat < 1.5 feet created by terraces or unconfined dredged material disposal should also be considered. Future projections should be supported by monitoring data, scientific literature, examples of project success in other areas, previous WVAs, or personal knowledge of the project area.

Shallow water areas are assumed to be more biologically productive than deeper water due to a general reduction in sunlight, oxygen, and temperature as water depth increases.  Also, shallower water provides greater bottom accessibility for certain species of waterfowl, better foraging habitat for wading birds, and more favorable conditions for aquatic plant growth.  Optimal open water conditions in a fresh/intermediate marsh are assumed to occur when 80 to 90 percent of the open water area is less than or equal to 1.5 feet deep.  The value of deeper areas in providing drought refugia for fish, alligators and other marsh life is recognized by assigning an SI=0.6 (i.e., sub-optimal) if all of the open water is less than or equal to 1.5 feet deep.

Shallow water areas in brackish marsh habitat are also important.  However, brackish marsh generally exhibits deeper open water areas than fresh marsh due to tidal scouring.  Therefore, the SI graph is constructed so that lower percentages of shallow water receive higher SI values relative to fresh/intermediate marsh.  Optimal open water conditions in a brackish marsh are assumed to occur when 70 to 80 percent of the open water area is less than or equal to 1.5 feet deep.

The SI graph for the saline marsh model is similar to that for brackish marsh, where optimal conditions are assumed to occur when 70 to 80 percent of the open water area is less than or equal to 1.5 feet deep.  However, at 100 percent shallow water, the saline graph yields an SI= 0.5 rather than 0.6 as for the brackish model.  That change reflects the increased abundance of tidal channels and generally deeper water conditions prevailing in a saline marsh due to increased tidal influences and the importance of those tidal channels to estuarine organisms.

[bookmark: _Toc255809275]Variable 5- Salinity

The baseline (TY0) value for this variable is usually obtained from salinity data collected along the coast.  Salinity data can be obtained from published research (e.g., Swenson and Turner 1998, Steyer, et al. 2008) and from a number of sources online:

NOS:	http://co-ops.nos.noaa.gov
USGS:	http://la.water.usgs.gov/
USACE:	http://www.mvn.usace.army.mil/eng/edhd/watercon.htm
	http://www2.mvr.usace.army.mil/WaterControl/new/layout.cfm
	http://www.mvn.usace.army.mil/ops/locks/OTHER_lock_stat.htm
CWPPRA:	http://sonris-www.dnr.state.la.us
CRMS:	http://sonris-www.dnr.state.la.us

It is preferable to use time series data for a station within or close to the project area as opposed to data from a field investigation which provides a one-time observation.  The chief concern is locating an appropriate station for use in the analysis.  Analysis of open water salinity data from the Barataria system by Swenson and Turner (1998) indicated R-squared values of ~0.7 for stations 20 kilometers apart and ~0.95 for stations 5 kilometers apart.  Assuming that a correlation of 0.7 is acceptable then stations should be within 20 kilometers of the site.  This approach is based on the assumption that the salinity in the freely connected open water at the site is indicative of the salinity in the marsh.  Wiseman and Swenson (1988) investigated the relationship between salinity and water levels in the marsh (using continuous recording instruments along a 75 meter edge-inland transect) to salinity and water levels in the adjacent channel.  The marsh water levels were highly coherent (coherence squared values of 0.8 to 0.98) with the channel water levels across time scales from hours to days.  The marsh salinities exhibited much lower coherences (coherence squared values were all less than 0.8 with many below 0.5).  They concluded that although overbank flooding is the dominant mechanism for salt to enter the marshes (on time scales of days to weeks) this input is not a simple linear relationship.  Based on this, it is preferable to use salinity records from the marsh system as opposed to adjacent open water sites whenever possible.  Internal marsh water level and salinity data are available (online) from CWPPRA monitoring records and through the Coastwide Reference Monitoring system (CRMS).

The salinity data is usually available at several sampling scales ranging from continuous hourly to discrete monthly.  The preferred data is the continuous hourly or daily (daily 8 am or daily summary) both of which are also useful for identifying shorter term salinity spikes that may be affecting the system.  Regression analysis of daily and monthly mean salinity estimates calculated from daily 8 am readings to means calculated from hourly data resulted in R-square values greater than 0.9 for ten locations in the Barataria-Terrebonne system (Swenson and Swarzenski, 1995).  They concluded that daily readings are adequate to characterize the system.  The salinity data is then used to calculate the annual mean or growing season mean using as long a record as possible (a minimum of three years is desirable).

It is assumed that periods of high salinity are most detrimental in a fresh/intermediate marsh when they occur during the growing season (defined as March through November, based on dates of first and last frost contained in Natural Resources Conservation Service soil surveys for coastal Louisiana).  Therefore, mean salinity during the growing season is used as the salinity parameter for the fresh/intermediate marsh model.  Optimal conditions in fresh marsh are assumed to occur when mean salinity during the growing season is 0.5 parts per thousand (ppt) or less.  Optimal conditions in intermediate marsh are assumed to occur when mean salinity during the growing season is 2.5 ppt or less.

For the brackish and saline marsh models, average annual salinity is used as the salinity parameter.  The SI graph for brackish marsh is constructed to represent optimal conditions when salinities are between 0 ppt and 10 ppt.  The EnvWG acknowledges that average annual salinities below 5 ppt will effectively define a marsh as fresh or intermediate, not brackish.  However, the SI graph makes allowances for lower salinities to account for occasions when there is a trend of decreasing salinities through time toward a more intermediate condition.  Implicit in keeping the graph at optimum for salinities less than 5 ppt is the assumption that lower salinities are not detrimental to a brackish marsh.  However, average annual salinities greater than 10 ppt are assumed to be progressively more harmful to brackish marsh vegetation.  Average annual salinities greater than 16 ppt are assumed to be representative of those found in a saline marsh, and thus are not considered in the brackish marsh model.

The SI graph for the saline marsh model is constructed to represent optimal salinity conditions at between 0 ppt and 21 ppt.  The EnvWG acknowledges that average annual salinities below 10 ppt will effectively define a marsh as brackish, not saline.  However, the suitability index graph makes allowances for lower salinities to account for occasions when there is a trend of decreasing salinities through time toward a more brackish condition.  Implicit in keeping the graph at optimum for salinities less than 10 ppt is the assumption that lower salinities are not detrimental to a saline marsh.  Average annual salinities greater than 21 ppt are assumed to be slightly stressful to saline marsh vegetation.

Future projections for this variable are very important in determining the benefits for wetland restoration projects.  Salinity is one of the most important factors affecting coastal land loss and decreasing salinities is the goal of many restoration projects.  Salinity projections often directly affect projections for percent emergent marsh and percent SAV coverage and indirectly affect projections for marsh edge/interspersion and percent shallow open water.  Future projections should consider changes in freshwater introduction and distribution, changes in the hydrology of the project area, and any other factors which may affect salinities.  Historical data from the project area and recent trends can assist with future projections, especially under FWOP conditions.  Monitoring data from freshwater diversion projects (e.g., Caernarvon Freshwater Diversion or West Point a la Hache Siphons) can also be helpful in determining FWP conditions for diversion projects.  Modeling conducted for various projects (e.g., Brown Lake Hydrologic Restoration, Black Bayou Hydrologic Restoration, Hydrologic Investigation of the Chenier Plain, Hopedale Hydrologic Restoration) and COE feasibility studies (e.g., Lower Atchafalaya River Re-Evaluation Study, Morganza to the Gulf) can also be helpful.

Projects which reduce salinities under FWP are typically given credit for doing so at TY1.  Those projects typically include features to either reduce saltwater intrusion or introduce fresh water to the system, both of which would have an immediate effect.  Few standard conventions have been adopted for projecting V5.  Future projections should be supported by monitoring data, scientific literature, examples of project success in other areas, previous WVAs, or personal knowledge of the project area.
[bookmark: _Toc255809276]
Variable 6 - Aquatic Organism Access

Access by estuarine aquatic organisms (i.e., transient and resident species), is considered to be a critical component in assessing the quality of a given marsh system.  Additionally, a marsh with a relatively high degree of access by default also exhibits a relatively high degree of hydrologic connectivity with adjacent systems, and therefore may be considered to contribute more to nutrient exchange than would a marsh exhibiting a lesser degree of access.  The SI for V6 is determined by calculating an "access value" based on the interaction between the percentage of the project area wetlands considered accessible by aquatic organisms during normal tidal fluctuations, and the type of man-made structures (if any) across identified points of ingress/egress (bayous, canals, etc.).  Standardized procedures for calculating V6 have been established (refer to pages 60-63).  It should be noted that access ratings for man-made structures were determined by consensus among EnvWG members and that scientific research has not been conducted to determine the actual access value for each of those structures.  Optimal conditions are assumed to exist when all of the study area is accessible and the access points are entirely open and unobstructed.

A fresh marsh with no access is assigned an SI=0.3, reflecting the assumption that, while fresh marshes are important to some species of estuarine fishes and shellfish, such a marsh lacking access continues to provide benefits to a wide variety of other wildlife and fish species, and is not without habitat value.  An intermediate marsh with no access is assigned an SI=0.2, reflecting that intermediate marshes are somewhat more important to estuarine organisms than fresh marshes.  The general rationale and procedure behind the V6 Suitability Index graph for the brackish marsh model is identical to that established for the fresh/intermediate model.  However, brackish marshes are assumed to be more important as habitat for estuarine species than fresh/intermediate marshes.  Therefore, a brackish marsh providing no access is assigned an SI of 0.1.  The Suitability Index graph for aquatic organism access in the saline marsh model is the same as that in the brackish marsh model.

The baseline (TY0) value for this variable is determined by the methodology described on pages 60-63.  A field investigation of the project area and examination of aerial photos is usually necessary to determine the baseline access value.  Previous WVAs for other projects can also be helpful.

Future projections for V6 should consider changes in access routes under FWOP and FWP conditions.  In most FWOP scenarios, the access value does not change from the baseline value.  Access may change under FWP depending on what types of structures are built as part of project implementation.  Some standard conventions have been adopted for determining V6:

Hydrologic Restoration/Marsh Management - For this project type, the V6 value should be determined using the structure rating method as per the methodology described on pages 60-63 which lists the most common structures which impact fisheries access.  However, some proposed structures (e.g., structure with a barge bay) may not exactly correspond to one of the structure types listed.  Therefore, a structure rating based on the rating for a comparable structure should be used.

Marsh Creation - Marsh creation projects consist of an elevated marsh platform and typically utilize containment dikes to contain dredged material, thus impacting fisheries access.  Marsh creation projects are typically designed to settle to an intertidal elevation by TY3 or TY5 and containment dikes are breached upon project completion or by TY3.  Therefore, marsh creation projects are typically assigned an access value of 0.0001 (i.e., no access) at TY1 as the elevation of the marsh platform and/or presence of containment dikes do not allow fisheries access.  The access value would increase to 1.0 when (typically TY3) it is estimated that the platform will settle (i.e., based on project design settlement curves, if available) to an intertidal elevation and the containment dikes are breached.

Shoreline Protection - Some shoreline protection projects include continuous dikes along the shoreline which restrict fisheries access.  If no other access route is available, those projects should receive an access value comparable to a solid plug (0.0001), as access to the shoreline is completely restricted.  However, most shoreline protection projects include gaps or “fish-dips” which allow access to the shoreline and the marsh surface.  The elevation of the crest of the fish-dip is an important consideration in determining the access value.  If the crest of the fish-dip is no higher than the pre-project bottom elevation, then access is equivalent to an open system (1.0).  If the crest elevation is above the bottom elevation, then the access value may correspond to a rock weir set at > 1 foot below marsh level (0.6) or another comparable structure.  The spacing of fish-dips should also be considered.  Typically, fish-dips placed every 1,000 feet with a crest set at bottom elevation are assumed to provide adequate access although that spacing may be reduced to every 500 feet (i.e., access rating of 1.0).  Also, in such instances where aquatic organism access to the marsh being protected is provided via channels through the marsh behind the structure, then access is equivalent to an open system (1.0).
Habitat Suitability Index Formulas

For all marsh models, V1 receives the strongest weighting (Table 4).  The relative weights of V1, V2, and V6 differ by marsh model to reflect differing levels of importance for those variables between the marsh types.  For example, the amount of aquatic vegetation was deemed more important in a fresh/intermediate marsh than in a saline marsh, due to the relative contributions of aquatic vegetation between the two marsh types in terms of providing food and cover.  Therefore, V2 receives more weight in the fresh/intermediate HSI formula than in the saline HSI formula.  Similarly, the degree of aquatic organism access was considered more important in a saline marsh than a fresh/intermediate marsh, and V6 receives more weight in the saline HSI formula than in the fresh/intermediate formula.  As with the SI graphs, the HSI formulas were developed by consensus among the EnvWG members.

Table 4.  The relative contribution (%) of each variable to the Marsh and Water HSI equations and the overall (total) HSI equation.

	
	Fresh/Intermediate
	Brackish
	Saline

	Variable
	Marsh
	Water
	Total
	Marsh
	Water
	Total
	Marsh
	Water
	Total

	V1
	64.8%
	0.0%
	43.9%
	59.8%
	0.0%
	43.2%
	58.3%
	0.0%
	45.4%

	V2
	0.0%
	58.3%
	18.8%
	0.0%
	46.7%
	13.0%
	0.0%
	22.2%
	4.9%

	V3
	11.1%
	7.4%
	9.9%
	11.1%
	7.4%
	10.1%
	11.1%
	7.4%
	10.3%

	V4
	0.0%
	7.4%
	2.4%
	0.0%
	7.4%
	2.1%
	0.0%
	7.4%
	1.6%

	V5
	11.1%
	7.4%
	9.9%
	11.1%
	7.4%
	10.1%
	11.1%
	7.4%
	10.3%

	V6
	13.0%
	19.4%
	15.1%
	17.9%
	31.1%
	21.6%
	19.4%
	55.6%
	27.5%



In order to ensure that the value of open water components of the marsh environments to fish and wildlife communities is appropriately represented in the model, a spilt model approach is utilized.  The split model utilizes two HSI formulas for each marsh type; one HSI formula characterizes the emergent habitat within the project area and another HSI formula characterizes the open water habitat.  The HSI formula for the emergent habitat contains only those variables important in assessing habitat quality for marsh (i.e., V1, V3, V5, and V6).  Likewise, the open water HSI formula contains only those variables important in characterizing the open water habitat (i.e., V2, V3, V4, V5, and V6).  Individual HSI formulas were developed for marsh and open water habitats for each marsh type.

As with the development of a single HSI model for each marsh type, the split models follow the same conventions for weighting and grouping of variables as previously discussed. 

Benefit Assessment

As previously discussed, the coastal marsh models are split into marsh and open water components and an HSI is determined for both.  Subsequently, net AAHUs are also determined for the marsh and open water habitats within the project area.  Net AAHUs for the marsh and open water habitat components must be combined to determine total net benefits for the project.

The weighting of the open water and marsh components reflects the relative value of these environments for fish and wildlife in each marsh type.  A weighted average of the net benefits (net AAHUs) for marsh and open water is calculated with the marsh AAHUs weighted proportionately higher than the open water AAHUs.  The weighted formulas to determine net AAHUs for each marsh type are shown below.  Table 4 shows the overall value of each of the variables after weighting.

	Fresh Marsh:    2.1(Marsh AAHUs) + Open Water AAHUs
                                                              3.1

	Brackish Marsh:    2.6(Marsh AAHUs) + Open Water AAHUs
                                                                  3.6

	Saline Marsh:    3.5(Marsh AAHUs) + Open Water AAHUs
                                                              4.5

[bookmark: _Toc255809312]Subsidence and Sea Level Rise

[bookmark: OLE_LINK7][bookmark: OLE_LINK6]Subsidence and sea level rise (SLR) are assumed to affect FWOP and FWP scenarios.  For most CWPPRA project evaluations (e.g., those within interior coastal areas), it is assumed that historical wetland loss rates calculated from a recent time period (e.g., 1985 to 2010) adequately capture the effects of subsidence and SLR for the relatively short analysis period of 20 years.  However, for barrier island project evaluations, measures of subsidence and SLR are incorporated into many of the analytical modeling tools (e.g., SBEACH) used to determine project performance.

Model Revisions

As our knowledge of coastal ecology and coastal restoration benefits improves, the need may arise for model revision.  Model revisions are documented in Appendix B to allow tracking between versions.  In addition, the “Revisions” tab of the Excel model spreadsheet should also reflect any revisions and the revision date.

[bookmark: _Toc255809313]Additional Notes

All project WVAs should be prepared in the Project Information Sheet (PIS) format (Appendix C) which was adopted by the EnvWG.  At a minimum, the PIS should provide; 1) baseline habitat analysis, 2) marsh/wetland loss analysis, 3) the calculations for each variable, 4) documentation of data sources and key assumptions and 5) a list of literature cited and/or reference material.  Project evaluations are conducted much more efficiently when the project planner is well-prepared and all necessary information is presented in the PIS.  The PIS should be revised after the WVA meeting to reflect all decisions made by the EnvWG.  A copy of the final PIS should be provided to each member of the EnvWG.

The official calculation of project benefits is the responsibility of the EnvWG Chairman.  However, project planners are encouraged to also calculate project benefits to serve as a check on the information provided to the CWPPRA Planning and Evaluation Subcommittee.  Project benefits are calculated using Excel spreadsheets which have been developed specifically for each habitat model.
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WETLAND VALUE ASSESSMENT COMMUNITY MODEL

Fresh/Intermediate Marsh



Variable V1	Percent of wetland area covered by emergent vegetation.

Variable V2	Percent open water covered by submerged aquatic vegetation.

Variable V3	Marsh edge and interspersion.

Variable V4	Percent of the open water area < 1.5 feet deep.

Variable V5	Mean high salinity during the growing season (March through November).

Variable V6	Aquatic organism access. 


HSI Calculations:


Marsh HSI = [{3.5 x (SIV15 x SIV6)(1/6)} + (SIV3 + SIV5)/2] 4.5


Open Water HSI = [{3.5 x (SIV23 x SIV6)(1/4)} + (SIV3 + SIV4 + SIV5)/3] 4.5




FRESH/INTERMEDIATE MARSH


Variable V1	Percent of wetland area covered by emergent vegetation.




Line Formula

SI = (0.009 * %) + 0.1




FRESH/INTERMEDIATE MARSH


Variable V2 	Percent open water covered by submerged aquatic vegetation.




Line Formula

SI = (0.009 * %) + 0.1

FRESH/INTERMEDIATE MARSH


Variable V3	Marsh edge and interspersion.





Instructions for Calculating Variable V3:

1.	Refer to pages 52-59 for examples of the different interspersion classes.

2.	Estimate percent of project area in each class.

FRESH/INTERMEDIATE MARSH


Variable V4	Percent of the open water area <1.5 feet deep.




Line Formulas

	If 0 < % < 80, then SI = (0.01125 * %) + 0.1

	If 80 < % < 90, then SI = 1.0

	If % > 90, then SI = (-0.04 * %) + 4.6




FRESH/INTERMEDIATE MARSH


Variable V5	Mean salinity during the growing season (March to November). 



Line Formulas

	Fresh Marsh
If 0 < ppt <= 0.5, then SI = 1.0
If ppt > 0.5, and ppt < 5.0, then SI = (-0.20 * ppt) + 1.10
If ppt >= 5.0 then SI = 0.1

	Intermediate Marsh
If 0 < ppt <= 2.5, then SI = 1.0
If ppt > 2.5, and ppt <7.0, then SI = (-0.20 * ppt) + 1.50
If ppt >= 7.0 then SI = 0.1
FRESH/INTERMEDIATE MARSH


Variable V6	Aquatic organism access. 




Line Formulas

	Fresh Marsh			SI = (0.7 * Access Value) + 0.3

	Intermediate Marsh	SI = (0.8 * Access Value) + 0.2

NOTE:	Access Value = P * R, where "P" = percentage of wetland area considered accessible by estuarine organisms during normal tidal fluctuations, and "R" = Structure Rating.

Refer to pages 60-63 for complete information on calculating the Access Value.

WETLAND VALUE ASSESSMENT COMMUNITY MODEL

Brackish Marsh


Variable V1	Percent of wetland area covered by emergent vegetation.

Variable V2	Percent open water covered by submerged aquatic vegetation.

Variable V3	Marsh edge and interspersion. 

Variable V4	Percent of open water area < 1.5 feet deep.

Variable V5	Average annual salinity.

Variable V6	Aquatic organism access. 


HSI Calculations:


Marsh HSI = [{3.5 x (SIV15 x SIV61.5)(1/6.5)} + (SIV3 + SIV5)/2] 4.5


Open Water HSI = [{3.5 x (SIV23 x SIV62)(1/5)} + (SIV3 + SIV4 + SIV5)/3]4.5



BRACKISH MARSH


Variable V1	Percent of wetland area covered by emergent vegetation.


Line Formula

	SI = (0.009 * %) + 0.1

BRACKISH MARSH


Variable V2	Percent open water covered by submerged aquatic vegetation.





Line Formula

	SI = (0.009 * %) + 0.1

BRACKISH MARSH


Variable V3	Marsh edge and interspersion.




Instructions for Calculating SI for Variable V3:

1.	Refer to pages 52-59 for examples of the different interspersion classes.

2.	Estimate the percent of project area in each class.



BRACKISH MARSH


Variable V4	Percent of the open water area < 1.5 feet deep.





Line Formulas

	If 0 < % < 70, then SI = (0.01286 * %) + 0.1

	If 70 < % < 80, then SI = 1.0

	If % > 80, then SI = (-0.02 * %) + 2.6

BRACKISH MARSH


Variable V5	Average annual salinity.






Line Formulas

	If 0 < ppt < 10, then SI = 1.0

	If ppt > 10, then SI = (-0.15 * ppt) + 2.5

BRACKISH MARSH


Variable V6	Aquatic organism access.

Line Formula

SI = (0.9 * Access Value) + 0.1


Note:	Access Value = P * R, where "P" = percentage of wetland area considered accessible by estuarine organisms during normal tidal fluctuations, and "R" = Structure Rating.
		
		Refer to pages 60-63 for complete information on calculating the Access Value.

WETLAND VALUE ASSESSMENT COMMUNITY MODEL

Saline Marsh

Variable V1	Percent of wetland area covered by emergent vegetation.

Variable V2	Percent open water covered by submerged aquatic vegetation.

Variable V3	Marsh edge and interspersion. 

Variable V4	Percent of the open water area < 1.5 feet deep.

Variable V5	Average annual salinity.

Variable V6	Aquatic organism access. 


HSI Calculation:


Marsh HSI = [{3.5 x (SIV13 x SIV6)(1/4)} + (SIV3 + SIV5)/2]4.5


Open Water HSI = [{3.5 x (SIV2 x SIV62.5)(1/3.5)} + (SIV3 + SIV4 + SIV5)/3]4.5



SALINE MARSH


Variable V1	Percent of wetland area covered by emergent vegetation.



Line Formula

SI = (0.009 * %) + 0.1

SALINE MARSH


Variable V2	Percent open water area covered by submerged aquatic vegetation.



Line Formula

	SI = (0.007 * %) + 0.3

SALINE MARSH


Variable V3	Marsh edge and interspersion.






Instructions for Calculating SI for Variable V3:

1.	Refer to pages 52-59 for examples of the different interspersion classes.

2.	Estimate percent of project area in each class.

SALINE MARSH


Variable V4	Percent of open water area < 1.5 feet deep, in relation to marsh surface.



Line Formulas

	If 0 < % < 70, then SI = (0.01286 * %) + 0.1

	If 70 < % < 80, then SI = 1.0

	If % > 80, then SI = (-0.025 * %) + 3.0

SALINE MARSH


Variable V5	Average annual salinity.




Line Formulas

	If 9 < ppt < 21, then SI = 1.0
	
If ppt > 21, then SI = (-0.067 * ppt) + 2.4
SALINE MARSH


Variable V6	Aquatic organism access.


Line Formula

	SI = (0.9 * Access Value) + 0.1


Note:	Access Value = P * R, where "P" = percentage of wetland area considered accessible by estuarine organisms during normal tidal fluctuations, and "R" = Structure Rating.

		Refer to pages 60-63 for complete information on calculating the Access Value.
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Examples of Marsh Edge and Interspersion Classes
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Procedure for Calculating V6 – Aquatic Organism Access

1.	Determine the percent (P) of the project area accessible by each opening for baseline (TY0), FWOP, and FWP conditions.  P may be determined by examination of aerial photography, knowledge of field conditions, or other appropriate methods.

2.	Determine the Structure Rating (R) for each proposed project structure as follows:

	Structure Type 
	Structure Rating

	Open system
	1.0

	Rock weir set at 1ft below marsh level (BML), w/ boat bay
	
0.8

	Rock weir with boat bay
	0.6

	Rock weir set at > 1 ft BML
	0.6

	Slotted weir with boat bay
	0.6

	Open culverts
	0.5

	Weir with boat bay
	0.5

	Weir set at > 1 ft BML
	0.5

	Slotted weir
	0.4

	Flap-gated culvert with slotted weir
	0.35

	Variable crest weir
	0.3

	Flap-gated variable crest weir
	0.25

	Flap-gated culvert
	0.2

	Rock weir
	0.15

	Fixed crest weir
	0.1

	Solid plug/No access
	0.0001



For each structure type, the rating listed above pertains only to the standard structure configuration and assumes that the structure is operated according to common operating schedules consistent with the purpose for which that structure is designed.  In the case of a "hybrid" structure or a unique application of one of the above-listed types (including unique or "non-standard" operational schemes), the EnvWG may assign an appropriate Structure Rating between 0.0001 and 1.0 that most closely approximates the relative degree to which the structure in question would allow ingress/egress of estuarine organisms.  In those cases, the rationale used in developing the new Structure Rating shall be documented.

Natural marsh, where aquatic organism access is not restricted by any of the above structures or surrounded by spoil banks, is considered an open system and assigned a Structure Rating of 1.0.

3.	The Access Value is calculated as P * R.  Where multiple openings provide access into an area, the EnvWG shall determine the percentage (P) of the area accessed by each opening.  The Structure Rating (R) of the structure proposed for each opening is then used to calculate a weighted Access Value for the entire area.

In some instances of multiple openings, a "major" access point for the area may be designated by the EnvWG.  A major access point is defined as an opening capable of providing a sufficient level of access such that the restriction/closure of all other openings would be inconsequential, in terms of estuarine organism access.

Examples:  The following examples provide guidance for calculating the Aquatic Organism Access value.  They are not intended to represent an all-inclusive group of scenarios.  Many deviations of the following examples will be encountered.

		a.	One opening into the project area; no structure.

				Access Value 	= P * R  
					= 1.0 * 1.0
					= 1.0

	b.	One opening into the project area.  A flap-gated culvert with slotted weir is placed in the opening.

				Access Value 	= P * R
					= 1.0 * 0.35
					= 0.35

		c.	Two openings into the project area, each capable by itself of providing sufficient access to the entire project area.  Either opening could be designated as a major access point.  A flap-gated culvert with slotted weir is placed in opening #1.  Opening #2 is left unaltered. 

				Access Value 	= P * R  
					= 1.0 * 1.0
					= 1.0

			Note:  In this case, either opening could be designated as a major access point.  Structure #1 had no bearing on the Access Value because its presence did not reduce access (opening #2 was determined to be capable of providing sufficient access to the entire project area and access through that route was not altered).

		
d.	Two openings into the project area.  No major access point is designated.  Opening #1 provides access to approximately 30% of the project area.  Opening #2 provides access to the remaining 70% of the project area.  A flap-gated culvert with slotted weir is placed in opening #1.  Opening #2 is left open.

				Access Value 	= weighted average of the two Structure Ratings
					= (P1*R1) + (P2*R2)
					= (0.3*0.35) + (0.7*1.0)
					= 0.11 + 0.7
					= 0.81

			Note:  Neither opening was designated as a major access point.  Therefore, the percentage of the area accessed by each opening was determined and a weighted average calculated for the Access Value.

		e.	Three openings into the project area.  Opening #1 is blocked with a solid plug.  Opening #2 is fitted with a flap-gated culvert with a slotted weir. Opening #3 is fitted with a fixed crest weir.  However, it was determined that opening #2 serves as a major access point due to its size, connectivity to interior tidal creeks and other channels, and direct connection to the adjacent bay.

				Access Value 	= P * R2
					= 1.0 * 0.35
					= 0.35

Note:  Structures #1 and #3 had no bearing on the Access Value calculation because their presence did not reduce access.  Opening #2 was determined beforehand to be the major access point; thus, it was the flap-gated culvert with a slotted weir that actually served to limit access. 

		f.	Three openings into the project area.  Opening #1 provides access to an isolated subarea (i.e., surrounded by spoil banks) comprising 20% of the project area.  Openings #2 and #3 provide access to the remaining 80% of the project area.  However, opening #3 is determined to be the major access point relative to opening #2.  Opening #1 is fitted with an open culvert, #2 with a flapgated culvert with a slotted weir, and #3 with a fixed crest weir.

					Access Value 	= (P1*R1) + (P2*R3)

					= (0.2*0.5) + (0.8*0.35)
					= 0.1 + 0.28
					= 0.38

g.	Three openings into the project area.  Opening #1 provides access to 25% of the area; opening #2 provides access to 50% of the area, and opening #3 provides access to 25% of the area.  None of the openings are determined to be the major access point.  Opening #1 is fitted with an open culvert, #2 with a flapgated culvert with a slotted weir, and #3 with a fixed crest weir.
			Access Value	= (P1*R1) + (P2*R2) + (P3*R3)
					
					= (0.25*0.5) + (0.50*0.35) + (0.25*0.0001)
					= 0.125 + 0.175 + 0.000025
				= 0.3









Appendix A

A description of the relative role of the model variables in providing habitat to the modeled community based on available, contemporary peer-reviewed scientific literature is provided below.

Variable V1 - Percent of wetland area covered by emergent vegetation

Numerous studies have suggested that salt marsh habitat plays a critical role in providing foraging, cover, and breeding habitat for nekton (Baltz et al., 1993; Boesch and Turner 1984; Chesney et al., 2000; Rozas and Reed 1993; Zimmerman et al., 2000) as well as providing environmental refuge and optimum conditions for enhancement of physiological processes (Deegan et al., 2000; Rountree and Able 2007).  Within the United States, the largest percentage of salt marsh occurs along the Gulf of Mexico coast and is dominated by Spartina alterniflora, S. patens, Juncus roemerianus, and Distichilis spicata (Mitsch and Gosselink 2000).  The emergent marsh vegetation of these systems, specifically Spartina spp. has been shown as a source of detritus for marsh resident species and provides important trophic support in salt marsh estuaries (Deegan et al., 2000; Dittel et al., 2006; Fry et al., 2008; Peterson et al., 1986).  More importantly, invertebrates such as polychaetes and oligochaetes, snails, insects, and a multitude of crustaceans are considered the primary consumers of these systems, contributing trophic support by providing marsh-derived organic matter to support both transient and resident nekton species (Deegan et al. 2000; Kneib 1997a).  The high primary productivity of these systems support a variety of pelagic and to a larger degree, benthic-feeding nekton such as killifish, blue crab, penaeid shrimp, and juvenile Gulf menhaden (Deegan et al. 2000).  Resident species dominate the nekton assemblages of the vegetated marsh surface and are predominately from the families Cyprinodontidae and Palaemonidae (Kneib 1997b).  For instance, Hettler (1989) found 54% more resident fish than transient fish on a flooded Spartina alterniflora marsh.  Along the Gulf of Mexico coast, field experiments have shown high densities of nekton on a flooded marsh surface including Gulf and diamond killifish, brown, white and daggerblade grass shrimp, sheepshead minnows, striped mullet, and blue crabs (Peterson and Turner 1994; Rozas and Reed 1993).  

In addition to utilizing these areas for foraging, these species may also be using the emergent vegetation as cover. Although it has been difficult to determine whether or not the emergent vegetation offers lower mortality rates for nekton compared to other habitats they utilize (Sheaves 2001), some studies have suggested that the marsh surface can serve as refuge from predators (Baltz et al., 1993; Kneib 1987; Paterson and Whitfield 2000).  Most nekton do not live continuously among emergent vegetation; however, so it has been suggested that marsh structure along the edge and shallow depth play a greater role in providing protection from predatory species (Deegan et al., 2000).  

Reproduction in salt marshes occurs in less than ten families of fishes and only a few crustacean families; however, their large populations contribute considerably to estuarine and marine systems (Rountree and Able 2007).  In a coastal salt marsh near Sapelo Island, Georgia, Kneib (1997b) collected only eight nekton taxa in their early life stages on the marsh surface, with the most common species being mummichog, daggerblade grass shrimp, and spotfin killifish.  Similarly, Hettler (1989) only collected 8 species of resident fish versus 26 estuarine-dependent transients.  However, more resident individuals were collected than the transients.  Fluctuating tides, temperatures and salinity may explain why reproduction is extremely difficult in these systems (Rountree and Able 2007).  

Few studies exist on the value of the vegetated tidal freshwater or intermediate habitat for nekton of the northern Gulf of Mexico coast (Castellanos and Rozas 2001; Heck et al., 2003; Rozas and Minello 2006).  Castellanos and Rozas (2001) found vegetated areas support higher densities of most nekton during high tide events than unvegetated sites.  Rozas and Minello (2006) documented rainwater killifish, Harris mud crab, speckled worm eel and saltmarsh topminnow in their marsh sites and these were more abundant than in the nearby SAV beds or non-vegetated areas.  In the Chickahominy River drainage, Virginia, McIvor and Odum (1988) found that large number of fish and grass shrimp utilized densely vegetated marsh surfaces adjacent to depositional creek banks rather than deeper, erosional banks.  This in part was due to higher food availability and fewer piscivorous predators.  Piscivorous fishes were rarely captured on the marsh surface, and if so, were small and considered secondary piscivores (McIvor and Odum 1988).

The success of marshes in providing nekton habitat may influence the distribution of other fauna that inhabit these areas.  Freshwater marsh provides some of the most important habitat for waterfowl in coastal Louisiana (Chabreck et al., 1989).  Migratory waterfowl including mallards, American wigeons, gadwalls, redheads and teals use coastal marshes as wintering grounds as well as stopover areas during fall and spring migrations.  Salt marshes also support wading birds such as egrets, herons, woodstorks and roseate spoonbills.  Freshwater marshes; however, may support the largest and most diverse populations of birds.  Waterfowl, shorebirds, wading birds, shrub birds, and others extensively utilize marshes as nesting and foraging grounds (Mitsch and Gosselink 2000).

Variable V2 - Percent open water covered by submerged aquatic vegetation

Submerged aquatic vegetation can serve as additional habitat for nekton to forage or provide cover from predation.  In Louisiana, several studies point to the important role SAV plays in coastal marsh habitats for nekton species (Castellanos and Rozas 2001; Duffy and Baltz 1998; Kanouse 2003; Kanouse et al., 2006; Rozas et al., 2005; Rozas and Minello 2006), and elsewhere large densities of nekton have been associated with SAV beds in salt marshes (Glancy et al., 2003; Irlandi and Crawford 1997; Minello et al., 2003; Raposa and Oviatt 2000; Thomas et al., 1990).  In a Spartina alterniflora marsh in North Carolina, Irlandi and Crawford (1997) found that twice as many pinfish were taken from the marsh edge when there was an adjacent seagrass bed.  A similar trend was reported by Raposa and Oviatt (2000) who found higher abundances of Gobiosoma ginsburgi, Apeltes quadracus, and Opsanus tau in eelgrass beds that were adjacent to salt marshes.  The nursery values of these habitats; however, is dependent upon the geographic location, tidal range, salinity, and the landscape features (Minello et al., 2003).  Further, in a literature review of the relative role of seagrass meadows as nurseries, Heck et al., (2003) found significantly greater survival of nekton in seagrasses than in unvegetated substrates; however, no significant difference was detected between seagrasses and other structures (e.g., oyster reefs, emergent vegetation).  
In a brackish marsh, Kanouse (2003) observed higher densities of nekton in SAV habitats with the greatest densities and biomass coinciding with a peak in SAV biomass.  Similarly, Kanouse et al. (2006) found significantly higher uses of Ruppia maritima by nekton versus non-vegetated brackish habitats in south central Louisiana.  Ruppia maritima biomass and nekton biomass were also strongly positively correlated.  An increase in SAV biomass was used as proxy for vegetative structural complexity which may provide increased refuge and food.  In the Chesapeake Bay, an increase in grass shrimp, mummichogs, and banded killifish was also seen in SAV compared to non-vegetated habitat (Ruiz et al., 1993).

As in saline and brackish marsh systems, submerged aquatic vegetation is often used by some species as a refuge from predators or as a feeding ground when the marsh surface is inaccessible (McIvor and Odum 1988; Rozas and Minello 2006; Rozas and Odum 1987a; Rozas and Odum 1987b; Rozas and Odum 1988).  Few studies exist on the relative roles of SAV as nekton habitat in the freshwater and intermediate marshes of Louisiana, but these studies indicate that the presence of SAV can extend the overall habitat available when found adjacent to emergent vegetation (Castellanos and Rozas 2001; Rozas et al., 2005; Rozas and Minello 2006).  Rozas and Minello (2006) found up to 10 times more brown shrimp and 30 times more of white shrimp in Vallisneria than non-vegetated sites.  Harris mud crab, Ohio shrimp, daggerblade grass shrimp, rainwater killifish, naked goby and gulf pipefish were also found in Vallisneria with densities at least as high as in emergent vegetation (Rozas and Minello 2006).  These results are consistent with Castellanos and Rozas (2001) who found that densities of most species were similar in flooded marsh and SAV.  

Variable V3 - Marsh edge and interspersion.  

In microtidal systems such as those along the northern Gulf of Mexico, the marsh edge and adjacent shallow water has often been characterized as serving as important habitat for fish and crustaceans as well as providing access to the intertidal marsh, which in itself is considered essential habitat (Baltz et al., 1993; Chesney 2000).  Large densities of nekton have been associated with edge habitat (Baltz et al., 1993; Minello 1999; Peterson and Turner 1994; Rakocinski et al., 1992, Rozas and Reed 1993, Rozas and Zimmerman 2000).  Marsh vegetation along the edge may provide protection from piscivorous fishes but the relative importance of this edge habitat for refuge will vary with the amount of edge, rates of subsidence, and tidal amplitude (Deegan 2000).  For instance, along the Gulf coast, penaeid shrimp were most abundance in a fragmented Spartina marsh with high rates of subsidence possibly as a result of greater marsh edge or increased flooding allowing for more time to forage (Rozas and Reed 1993, Zimmerman et al. 2000).   Rozas and Zimmerman (2000) also observed significantly more species and total number of crustaceans along the marsh edge than in adjacent non-vegetated areas, although this was not always the case for fish species.  Differences in habitat use (e.g., marsh edge, inner marsh, non-vegetated areas) by nekton was species specific as well as seasonally dependent.   Marsh grass shrimp was nearly exclusive to the marsh edge during the fall whereas gulf killifish, sheepshead minnow, and heavy crab were restricted to the marsh surface.  Further, nekton assemblages on the marsh surface occurred in low marsh located at the marsh-water interface.

Studies of the effects of restoration efforts on nekton have produced similar results in terms of nekton inhabitance of inner and edge marsh as well as non-vegetated areas.  In a study evaluating nekton use of terraced areas and coconut mats, Thom et al., (2004) observed nekton densities two and four times greater in terraced and coconut matted areas, respectively, than those found in open water sites.  These areas increased edge habitat and produced submerged aquatic vegetation, thereby providing habitat for nekton use.  Similarly, Rozas and Minello (2001) found greater densities of white shrimp, brown shrimp, and blue crab in terrace marsh vegetation than in ponds.  The marsh terraces constructed in non-vegetated areas provide emergent marsh along the edge and may provide protection from large predators.

Few studies exist on the value of the vegetated tidal freshwater habitat for nekton of the northern Gulf of Mexico coast (Castellanos and Rozas 2001; Heck et al., 2001; Rozas and Minello 2006).  Castellanos and Rozas 2001 found vegetated areas support higher densities of most nekton during high tide events than unvegetated sites.  Rozas and Minello (2006) documented rainwater killifish, Harris mud crab, speckled worm eel and saltmarsh topminnow in their marsh sites and these were more abundant than in the nearby SAV beds or non-vegetated areas.  
In the Chickahominy River drainage, Virginia, McIvor and Odum (1988) found that large number of fish and grass shrimp utilized densely vegetated marsh surfaces adjacent to depositional creek banks rather than deeper, erosional banks.  This in part was due to higher food availability and fewer piscivorous predators.  

Interspersion characteristics are also critical for larger fauna. Alligators require open water areas for nesting females and breeding adults (Newsom et al., 1987).  Waterbirds prefer shallow areas along the marsh edge.  Waterbird densities were monitored in terraced and unterraced ponds in coastal Louisiana where terrace ponds created 3.5 times more marsh edge. Higher densities of waterbirds were found in terraced ponds, possibly because of the abundance of food near the edge (O’Connell and Nyman 2009).

Variable V4 - Percent of open water area <= 1.5 feet deep. 

The shallow, turbid waters of coastal Louisiana are partially responsible for the high productivity of the system.  The shallow waters, especially those close to the marsh edge allow for easy access to the marsh surface during tidal flooding during low tide events (Chesney et al., 2000). Large densities of Gulf menhaden have been associated with shallow, open water, but other nekton such as Callinectes spp., brown shrimp, white shrimp, bay anchovy, and naked goby (and others) have been collected in shallow, open water as well (Minello 1999).  These areas may provide better protection, especially if turbid than in nearby deep open water.  Ruiz et al. (1993) in a brackish marsh in the Chesapeake Bay found a greater mortality of grass shrimp, mummichogs, and small blue crabs in the deepest areas (60-80cm) than in the shallow areas (15-20 cm) possibly due to a lack of predators in the shallow zone.  Rozas and Minello (2006) observed greater densities of bay anchovies and Gulf menhanden in shallow, non-vegetated areas (depths <1m) than in nearby vegetated areas. Similarly, Castellanos and Rozas (2001) observed great abundance of bay anchovies in non-vegetated bottoms than in emergent vegetation.  
Shallow areas are also frequently used by young alligators, although adults require areas of deeper open water for breeding (Newsom et al., 1987).  In fresh, intermediate, and brackish marshes, these shallow areas provide an abundance of prey including mammals, arthropods, fish, birds and reptiles (McNease and Joanen 1977).  Water depth is also an important characteristic influencing waterbird communities. Not only do these birds have specific morphological characteristics that allow them to feed in shallow areas, the food resources that are produced in shallow depths are critical for waterbird communities (Bolduc and Afton 2004).

Variable V5 – Salinity

The differences from tidal freshwater to salt marsh communities are strongly related to the salinity gradient (Odum 1988).  Change in salinity can have substantial effects on the system’s productivity; however, the degree and direction of response is difficult to predict because of interspecific competition (Naidoo et al., 1992; Vasquez et al., 2006) as well as the role of other abiotic factors (Gough and Grace 1998; Hester et al., 2001).   For instance, Baldwin and Mendelssohn (1998) observed a synergistic effect of salinity and flooding stresses following an experimental disturbance for Spartina patens and Sagittaria lancifolia.  When exposed to increased salinity levels and prolonged flooding, Sagittaria lancifolia biomass declined compared to increased salinity under non-flooding conditions.  However, Spartina patens was affected by a combination of flooding and disturbance but not by salinity.  Hester et al., (1996; 1998) also showed intraspecific variation in the salt tolerance of S. alterniflora, Panicum hemitomon, and Spartina patens.  

Salinity is also a primary abiotic factor influencing fish community structure (Rakocinski et al., 1992).  In Matagorda Bay, Gulf of Mexico, Gelwick et al., (2001) found a strong association between fish assemblages and salinity. Three salinity zones were identified by patterns of maximal occurrence of fish species, <5ppt, 10-20ppt, and >20ppt, and a considerable shift from freshwater to marine nekton was observed across these zones.  However, a few species did occur across both ends of the gradient: gizzard shad, sheepshead minnow, bayou killifish, and striped mullet.  Species diversity and community structure was also strongly affected by the connectivity between freshwater wetland and brackish zones (Gelwick et al., 2001).  Peterson and Ross (1991) observed declines in centrarchids, cyprinodontids and freshwater fundulids in Old Fort Bayou, MS with salinity increases in freshwater sites.

Variable V6  - Aquatic organism access

Water control structures have been used for decades in Louisiana for waterfowl management and to provide human access by maintaining water levels (Rogers et al., 1992a).  The level at which water control structures limit marine transient organisms is dependent upon not only the structure itself but tidal amplitude, water depth, marsh area affected, and the species involved (Rogers et al., 1992b).

Across a fresh and brackish marsh in south central Louisiana, Rogers et al., (1992a) found nearly 90% fewer marine-transient organisms in an area managed with a variable-crest double flap-gated structure and fixed-crest weirs versus an unmanaged area.  Species showing significant declines in the managed area were blue crab, gulf menhaden, and striped mullet. Conversely, nearly 2.5 times more resident organisms were collected in the managed area than in the unmanaged areas, including grass shrimp, least killifish, western mosquitofish, and golden topminnow.  This in part may have been attributed to an increase in submerged aquatic vegetation and overall lower water depths in the managed area.

In a brackish marsh in southwest Louisiana, Rogers et al., (1992b) examined the effects of a low elevation fixed weir (installed 30 cm below average marsh soil level), a slotted weir, and a fixed-crest weir on resident and transient nekton abundance.  They concluded that an increase in water control corresponded to an increase on the impact of transient marine organisms.  For instance, catches were smaller overall in the fixed-crest weir sampling area versus the slotted-weir, as well as in the low-weir area versus the no-weir area.  The results of the study also suggested that increased water control may prevent immigration and emigration of brown shrimp (and possibly other migratory species) dependent upon the timing of openings/closings of the water control structures.
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Appendix B
Document Revisions

Version 1.0 – March 2010 document developed via the Corps’ WVA certification process

Version 1.1 – January 2012
1) Pertinent sections from Procedural Manual incorporated
2) Tidal creek convention adopted during PPL21 incorporated 
3) Interspersion Class 3 with terraces incorporated
4) Revision to description of interspersion Class 5


Appendix C
Project Information Sheet Format
Project Name: 

Sponsoring Agency:  List Environmental and Engineering Work Group Contacts 

Project Location and Description:  Describe project location (Coast 2050 region, basin, parish, nearby cities, important bodies of water, total acres, wetland type, etc.).  Include a project map.

Problem:  Discuss the major causes (historical and current) of marsh loss in the project area.

Objectives:  How will the project address the major causes of land loss in the project area?  What are the specific objectives of the project?

Project Features:  List all project features including their locations, dimensions, etc.  The project map should include the locations of all project features.

Monitoring and Modeling Results for Similar Projects:  Relevant monitoring reports and modeling studies should be discussed.

Miscellaneous:  As necessary, discuss the following subjects as they relate to the project.
Climate change
Off site disturbances – these are generally the same FWOP and FWP.
Any project risks or uncertainties

V1 – Percent of wetland area covered by emergent vegetation
1) Historical and current vegetative communities
2) Marsh type classification for the project area and subareas
3) Trends in marsh type classification
4) Land Loss Data – include USGS habitat and land/water data; linear regression graph
5) Discuss relevance of subsidence and vertical accretion.  Discuss how storms, floods, and droughts will be considered in land loss projections.

TY 0 – acres of marsh (% of project area); acres of water; total project area acres

FWOP – include assumptions for FWOP condition.  Use as many TYs as necessary and justify.
TY 1 – acres of marsh (% of project area); acres of water
TY X – acres of marsh (% of project area); acres of water 
TY Y – acres of marsh (% of project area); acres of water
TY 20 – acres of marsh (% of project area); acres of water

FWP – include assumptions for FWP condition.  Use as many TYs as necessary and justify.
TY 1 – acres of marsh (% of project area); acres of water
TY X – acres of marsh (% of project area); acres of water 
TY 20 – acres of marsh (% of project area); acres of water

V2 – Percent open water covered by submerged aquatic vegetation
Discuss aquatic vegetative communities in the project area.

TY 0 – % cover value

FWOP – assumptions for FWOP condition.  Use as many TYs as necessary and justify.
TY 1 – % cover
TY X – % cover
TY 20 – % cover

FWP – assumptions for FWP condition.  Use as many TYs as necessary and justify.
TY 1 – % cover
TY X – % cover
TY 20 – % cover

V3 – Marsh edge and interspersion
TY 0 – % within each class

FWOP – include rationale for percent in each class
TY 1 – % in each class 
TY X – % in each class
TY20 – % in each class

FWP – include rationale for percent in each class
TY 1 – % in each class
TY X – % in each class
TY20 - % in each class

V4 – Percent of the open water area <= 1.5 feet deep
Provide data that was used to derive the baseline value and the subsidence rate (and source) used to project future values.

TY0 – baseline value; % of open water <=1.5 ft deep

FWOP – include rationale for values
TY 1 - % value
TY X - % value
TY 20 - % value

FWP - include rationale for values
TY 1 - % value
TY X - % value
TY 20 - % value

V5 - Salinity  
Provide data and station numbers (e.g., CRMS 0334) used to derive baseline value.  Provide analyses, modeling, etc. utilized to determine future conditions.

TY 0 – ppt

FWOP – provide rationale for values
TY 1 – ppt
TY X – ppt 
TY 20 – ppt

FWP – provide rationale for values
TY 1 – ppt
TY X – ppt
TY 20 – ppt

V6 – Aquatic organism access 
Show all calculations to determine baseline value.

TY 0 – access value

FWOP – provide assumptions and access values
TY 1 – access value
TY X – access value
TY 20 – access value

FWP 
TY 1 – access value
TY X – access value
TY 20 – access value

Literature Cited

Land Loss Spreadsheet (s)

Other Supporting Information
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