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COASTAL PROTECTION A ND
RESTORATION AUTHORIT Y

This document was developed in support of the 2023 Coastal Master Plan being prepared by the

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

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

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

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

coastal protection plan, consisting of a master plan
mandate is to develop, implement, and enforce a comnehensive coastal protection and restoration

master plan.
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EXECUTIVE SUMMARY

As partof the model improvement effort for the 2023 Coastal Master Plan, the wetland processes
captured by the morphology and vegetation models used during previous master plans were
reevaluated to assess how Integrated Compartment Model (ICM) subroutines cdagdmproved. This
process considered technical reviews, comments, and suggested improvements provided by model
developers, advisory groups, and other experts during previous master plan cycles. The availability of
new data and information that could be use to make model improvements was also considered. In
many cases, the team considered and tested multiple options or approaches. As a result of this effort,
recommended improvements are provided here.

The improvements recommended to be included in the 202Coastal Master Plan include: adjusting
marsh collapse thresholds, refining organic matter accretion calculations, developing an unstructured
grid for modeling vegetation, improving flotant marsh and forested wetlands algorithms, creating and
applying an uglated map of existing vegetation, adjusting model code, and updating the submerged
aquatic vegetation (SAV) module.

This report describes the teamds work through
options for model improvementdo ensure the updated ICM used for the 2023 Coastal Master Plan
appropriately capturesecological and morphologicgbrocessesobserved in Coastal Louisiana. As
appropriate, relevant literature and data are discussed. Test runs to evaluate how changes influence
model outputs are also documented. A final list of recommended updates, taking into account
consideration of all options and results from test runs, is summarized at the end of the report. A later
report will describe the final ICMLAVegMod and ICMorph sulroutines for the 2023 Coastal Master
Plan, detailing the updates that have been incorporated.
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1.0 INTRODUCTION

Master plan project selectn is driven, in part, by changes in coastal wetland area predicted by the
Integrated Compartment Model (ICM). These changes come in the form of an increase or decrease in
total wetland area and surface elevation due to environmental drivers and/or restai@n projects.
Changes in wetland area and elevation simulated by the ICM are influenced by existing wetland area;
processes that build new land; relative sea level rise (i.e., the combination of eustatic sea level rise
and subsidence); and for each habitatype, the stressors that lead to wetland loss. Positive changes

in wetland elevation are also simulated in the ICM by two process organic matter accumulatiorand
mineral sediment deposition(for all wetland habitat types except for flotant)

In the predictive models developed for the 2012 Coastal Master Plan and then improved for the 2017
ICM, fresh wetlands converted directly to open water (with an associated loss of elevation, i.e.,
wetland collapse) if salinities exceeded a twaeek threshold. NoAresh wetlands converted directly to
open water if they were subject to inundation thresholds (based on mean annual water depth) for two
successive years (Couvillion & Beck, 2013). Salinity patterns and water depths throughout the system
were driven by radtive sea level rise, which varied by environmental scenario, and by changing system
hydrology. An uncertainty analysis conducted for the 2017 Coastal Master Plan found that total
wetland area at year 50 was most sensitive to subsidence rate, organic matsecumulation rate
(OMAR), and collapse threshold values utilized in I€MVegMod and ICNorph as well as water level

in ICMHydro (Meselhe et al., 2017). The OMAR and marsh collapse threshold values that significantly
contributed to landscape change ithe 2017 analysis were largely derived from previous work
conducted for the 2012 Coastal Master Plan and were further adjusted during calibration and
validation of the 2017 ICM (Brown et al., 2017).

Representations of collapse thresholds and OMAdRe revisited to ensure the updated ICM used for

the 2023 Coastal Master Plan appropriately captures these natural processes and reflects the best
available observations and understanding. In addition, representation of flotant and forested wetland
extentare re-examined, and an existing condition vegetation map developed with the addition and
removal of some species. The submerged aquatic vegetation (SAV) output from the 2017 ICM is also
being validated with more recent field observations to inform possible imgvements for the 2023

ICM. Improvements recommended here seek to better represent the ecological and morphological
processes in ICMLAVegMod and ICNorph for the 2023 Coastal Master PlanKigure J).
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Figure 1. Outline of in formation flow within an annual cycle of the 2017 Coastal

Master Plan ICM subroutines: ICM -Hydro , ICM-Morph , and ICM-LAVegMod . Note
that subsidence and sea  level rise are also applied annually to adjust the digital
elevation model (DEM) and relative water levels.

Thedevelopment of recommended improvements was organized into a series of activities which
explored multiple approaches that included testingnodel assumptionswith CRMS datacalculating
organic and mineral matter accumulation rates, asseggj significant environmental drivers oOMAR
and developng mortality and establishment tables ofdditional wetland taxa not included in the 2017
Coastal Master Plan. Berreviewed literature was reviewedb inform inundation depth limitations for
wetland vegetation, and wetland vegetationresponsesidentified from mesocosm experimentslso
helped to inform potential response®f soil OMAR to changes in inundatiofRecent (2012-2018) field
observationsfor SAVwere also gathered by the team for model testing

Recommended model improvements include use of a new curve that represents water depth
limitation by salinity for wetland vegetation; updated loakp tables of soil OMAR and seffacking
densities, defined by the ideal mixing model (Adams, 1973) and derdvéom CRMS data;
improvements of flotant representation on the existing conditions map;ravised list of wetland
vegetation speciesand their corresponding mortality and establishment tablesnd a plan for
validation of SAVoutput from the 2017 ICM. Reommendations are summarized at the endf this
report, and a list of next stepss includedto help integrate the model improvements into the ICM
framework for the 2023 Coastal Master PlanTo help clarify commonly used termssed throughout
this report, aglossary is providedTable 1).

2023 COASTAL MASTER PLAN. ICM -Wetlands, Vegetation, and Soils Model
Improvement Report 15



Table 1. Glossary of c ommonly used terms

in this report.

Term

Definition

Bareground_flt

Areas covered by Panicum_flt in the previous year which

are not suitable, due to environmental condition sor
dispersal rules, for ~ Panicum to persist or for  Eleocharis to
establish. Recommended for the 2023 ICM.

Bareground_new

Areas above the water depth limit ation for vegetation
occurrence where environmental conditions/dispersal

rules are such that  existin g vegetation is unable to persist
and on which new vegetation does not establish.
Recommended for the 2023 ICM.

Bareground_old

Areas which were  bareground the previous year and
where environmental conditions/dispersal do not allow

new vegetation to establ  ish. Recommended for the 2023
ICM.

Box (or ICM -
LAVegMod box)

Grid unit for ICM-LAVegMod (500 m x 500 m) resolution
in the 2017 ICM, to be revised for the 2023 ICM

cell)

Cell (or ICM -Morph

Grid unit for ICM-Morph (30 m x 30 m pixel).

Collapse thresholds

A set of environmental conditions that, if exceeded in the
ICM, result in conversion of wetlands to open water and a
loss of elevation.  Applied for 2017 ICM, to be replaced by
a different approach for the 2023 ICM.

Compartment  (or
ICM-Hydro
compartment)

Grid unit for
2023 ICM) .

ICM - Hydro (irregular, to be refined for the

CRMS or Coastwide
Reference
Monitoring System

Monitoring program to assess changing conditions in
Louisiana coastal wetlands at over 390 sites (e.g.,
CRMSO0562), with each site having mu ltiple stations (e.g.,
FO1) for collecting land area, hydrologic, vegetation,

surface elevation, and soil data.

Dry bulk density

Property of soil calculated by dividing the dry mass of
solids by the total volume. Units of g cm -3. Values are
used to calcu late OMAR.
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Term

Definition

Elevation for
vegetation
establishment

Elevation relative to MWL which, if exceeded for two
consecutive years, makes areas available for vegetation
establishment . Recommended for the 2023 ICM.

FIBS or Fresh,
intermediate,
brackish, and saline

A classification of marsh
LAVegMod.

habitat types utilized by the ICM -

Flotant

Marsh es that are permanently underlain by an open water
layer that moves up and down as water levels change .
Also known as floating marshes or mats ; in LAVegMod,
consists of Panicum _flt or Eleocharis _flt

Habitat type

An assigned group of vegetation species in the ICM that
generally reflect s similar environmental conditions (e.qg.,
see FIBS); more generally, may be referred to as

vegetation type or community.

HSI or Habitat
Sui tability Index

Numerical index (between 0 and 1) that represents the
capacity of a given habitat to support a species.

ICM or Integrated
Compartment Model

Main model used to
landscape and ecosystem

predict future changes in the
for the master plan

IC M-Hydro

ICM subroutine that simulates changes in water depth,
flows, temperature, and salinity in response to boundary
conditions and scenarios. Grid is composed of irregular
compartments with links that reflect hydrologic exchanges
across the coastal zone

ICM-LAVegMod

ICM subroutine that represents species distribution of
wetland vegetation based on niche . I nitially developed by
Visser and Duke -Sylvester (2013) . Inthe 2017 ICM, the
grid was composed of regular 500 m x 500 m boxes

ICM-Morp h

ICM subrou tine that represents soil organic and mineral
matter accumulation, vertical accretion, and elevation of
the landscape. Grid is composed of 30 m x 30 m pixel s.

Ideal mixing model

Calculation that estimates the bulk density of soils based
on the organic ma tter content and the self  -packing
densities of organic matter and mineral sediment.
Recommended application for the 2023 ICM.
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Term

Definition

Mean Water Level
or MWL

Average height reached by water over a given time
period. Calculated by the ICM -Hydro.

MMAR or mineral
matter
accumulation rate
or Q sed

Process of sediment/soils storing mineral matter over
time . Units of g cm -2 yr-1. Calculated by ICM -Morph.

Net annual primary

product ivity (NAPP )

Measure of the production of plant biomass
equal s carbon up take for photosynthesis
lost to respiration.  Unitsofgm -2 yr-1.

in a year that
minus carbon

OMAR or organic

Process of sediment/soils storing organic matter over

aquatic vegetation

matter time . Units of gcm -2 yr-'. Calculated by ICM -Morph using
accumulation rate look -up table v alues based on habitat types.

or Qorg

SAV or submerged Rooted vascular plants that grow underwater. Modeled by

ICM-LAVegMod.

Salinity Measurement of dissolved salt content in surface waters
or soil porewater with commonly reported units of pp t,
psu, and others.

Self-packing Bulk densities of organic (k1) and mineral matter (k2)

density utilized in the ideal mixing model (Adams, 1973).

Recommended parameters for the 2023 ICM.

Unvegetated flats

Newly emerging substrates that are available fo r
vegetation establishment.

Vertical accretion
accretion, or

The process of sediment/soils gaining elevation over time
through surficial accumulation of mineral matter and soil

limit ation for
vegetation
occurrence

vertical accretion organic matter . Units ofcm yr -1. Calculated by ICM-
rate (VAR) Morph.
Water d epth A maximum water depth (m) for vegetation occurrence

which varies by salinity . Recommended for the 2023 ICM.
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2.0 MODEL IMPROVEMENT
ACTIVITIES

The ICMWetlands, Vegetation, and Soils Model Improvemt Team was tasked with the seven
activities described below. They include (1) Provide recommendation for adjusting marsh collapse
thresholds; (2) refine the organic matter accretion approach; (3) coordinate with 1@Negration and
Coding Team on develapent of an unstructured grid for ICMLAVegMod; (4) explore and recommend
options to improve flotant marsh and forested wetland algorithms; (5) coordinate with Model Input
Team as needed to create existing conditions vegetation map; (6) coordinate with H#odgration and
Coding team to adjust model code; and (7) update the submerged aquatic vegetation (SAV) module.

2.1 ACTIVITY 1: PROVIDE RECOMMENDATION FOR A DJUSTING
MARSH COLLAPSE THRESHOLDS

ISSUE

In the 2017 ICM, fresh wetland habitat types (bottomland hardweds, swamps, andattached fresh
marshes) converéd directly to open water with an associated loss of elevatidne., wetland soil
collapse) if saliniyy exceecded a two-week threshold Table2). Non-fresh wetland habitat types
(intermediate, brackish, and saline marsh) convest directly to open water if theywere subject to
inundation thresholds (based on mean annual depth) for two successive yedffotant conversion to
open water is discussed in Activity Research shows that fomany wetlandhabitat types, vegetation
can be influenced by the combined effects of salinity and inundation stress. Moreover, the assignment
of collapse mechanism and threshold tolerance Hyabitat types make wetland extent sensitive to the
classification of these habitat types. This activityexploredwhether collapse thresholds should be
maodified (for example, to reflect the combined influence of salinity and inundation stress) well as
how species are assigned to habitat types

BACKGROUND

Thecollapsethresholds used for the 2017 Coastal Master Pla(Brown et al., 2017) were based on

the analysis and advice that supported the 2012 Coastal Master Pla@ollapse thresholds were
defined based on water depth, determined by comparing wetland elevation to annual mean water
level (MWL), and the maximum twareek mean salinity during each yeafTable2). The collapse
thresholds for nonfresh wetland habitat typeswere chosen by locating the intercept of a polynomial
regression of Normalized Difference Vegetation Index (ND¥élues vs. elevation relative to mean
water level with two standard deviations below the mean NDVI value for each habitat tg@euvillion

& Beck, 2013). Salinity thresholds for fresh wetlands were based on guidance from the 2012 Coastal
Master Plan MarshCollapse Threshold Advisory Panel and suggestions from reviewers of the 2012
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ICMeffort. A thresholdfor converting water to land was also defined based on elevation relative to
MWL, and the conversiorto open waterwas associated with a loss of elevatiof 25 cm (Table 3).

Table 2. Collapse thresholds used in the 2017 ICM

-Morph (Brown et al., 2017)

for habitat types .
Habitat Collapse Threshold
Type
Fresh Land will convertto  open water if it is at, or below, t he annual
Forested MWL for the year and the maximum two -week mean salinity
Wetlands during the year is above: 7 ppt

Fresh Marsh

Intermediate

Land will convert to
MWL for the year and the maximum two
during the year is abov  e: 5.5 ppt

open water if it is at, or below, the annual
-week mean salinity

Land will convertto  open water if the annual mean water depth

Marsh over the marsh for two consecutive years is greater than: 0.36 m
Brackish Land will convertto  open water if the annual mean water depth
Marsh over the marsh for  two consecutive years is greater than: 0.26 m

Saline Marsh

Bareground

Land will convertto  open water if the annual mean water depth
over the marsh for two consecutive years is greater than: 0.24 m

Bareground converts to open water with a loss of elevat ion (of 25
cm) if MWL for two consecutive years is at least 0.2 m higher

than the elevation of the bareground

Table 3. Land gain threshold used in the 2017 ICM

-Morph (Brown et al., 2017)

for open water habitat type

Habitat Land Gain Threshold
Type
Open Water  Open w ater convert s toland if MWL for two consecutive years is at

least 0.2 m lower than the bed elevation of the

open water area

In the ICM predicted coastal wetlands extents sensitiveto collapse thresholds(Meselhe & al., 2017)
due tothe role of these thresholds in drivingnodeled landscape changeAs the collapse thresholds
are applied by habitatypes, the assignment of species tdhose habitat typesalso becomes
important. The habitat types shown ifable2 are those used for the 2017ICMMorph analysis. The
species assigned to each of these habitatfor the 2017 Coastal Master Plarare shown inTable4.
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Table 4. Vegetation specie s mixture for each habitat type in Table 1 and utilized
in the 2017 Coastal Master Plan.

Habitat Type Species
Fresh Forested Quercus lyrata, Quercus texana, Quercus laurifolia, Ulmus
Wetlands americana, Quercus nigra, Quercus virginiana, Salix nigra,

Tax odium distichum, Nyssa aquatica

Fresh Attached Morella cerifera, Panicum hemitomon, Sagittaria latifolia,
Marsh * Zizaniopsis miliacea, Cladium mariscus, Typha domingensis
Intermediate Sagittaria lancifolia, Phragmites australis, Schoenoplectus
Marsh californicus, Iva frutescens, Baccharis halimifolia

Brackish Marsh Spartina patens, Paspalum vaginatum

Saline Marsh Juncus roemerianus, Distichlis spicata, Spartina alterniflora,

Avicennia germinans

! The ICM also considered flotant but these were not subje ct to marsh collapse thresholds in the
2017 Coastal Master Plan and are not included in Table 2.

Each species in the ICMLAVegModvas uniquely associated with one habitalype (Table4). This
contrasts with the appoach used by Chabreck1970), which identified plant associations rather than
individual species for classification. Building on the categorization of species according to their salinity
tolerance devdoped by Penfound and Hathawafi938)a nd r e f i n €1849)bChab@&Ne i |
(1970) noted that typical plant associations within any wetland habitat type (fresh, intermediate,
brackish or salined known as FIBS) can include plants found in other types (e .§partina patensis
found in intermediate brackish, and saline marshes).The Coastwide Reference and Monitoring
System (CRMS) also uses the FIBS classification approa¢éisser et al.(1998, 2000) reanalyzed the
species data used by Chabreck (1970) with Two Way Indicator Spsciaalysis and identified seven
associationsof species,or vegetation typesin the Chenier Plain and nine in the Deltaic PlaiGeveral
species occurred in more than one vegetation type. Snedden and Ste{2013) analyzed species
information from CRMS sites in relation to key environmental variables (i.e., salinity and water level
variability) and identified nineassociations of species, ocommunities. Further analysis by Snedden
(2019) using selforganizing maps identified elevenegetationcommunities. In analysesof Snedden
and Steyer (2013) and Snedden (2019)there weresome species associated with more than one
vegetationcommunity.Given the various classification methodologies outlined in these studies,
Activity 1 also considezd the appropriate classifications, if any, to usa the model to transition
wetlands to open water.
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APPROACHES/METHODS

Several approaches were pursued to asss the need to modify collapse thresholds in the IChdr the
2023 CoastalMaster Planand to inform recommendations for updates:

Adjust the Couvillion and Beck2013) relationshipsto use inundation duration
Test collapse threshold assumptionsiith CRMB data

Literature review

Reconsider use of collapse thresholds ithe ICM

powbdpE

RESULTS

APPROACH 1. ADJUST THE COUVILLIO N AND BECK (2013) RE LATIONSHIPS TO
USE INUNDATION DURAT ION

The inundation thresholds used for intermediate, brackish, and saline marshestire 2017 ICMwere
based on depth of flooding over the marsh surfacénundation durationalso reflects the influence of
hydrology on vegetatiomccurrence, and thisapproachrevisitedthe Couvillionand Beck (2013)
analysisto explore if relationships linking rarsh collapse with duration could be identifiedA time
series of water surface elevation wathus needed to calculate inundation duration based on the
marsh elevations.

To createa spatially and temporally varying water surface elevatidayer, 2018 CRMSwater surface
elevation data were interpolatedspatially for each hour of the yearThis exercise was performed
separately for each basipand interpolationwas not allowed across major hydrologic barriers, such as
the levees of the Mississippi RiveTheresulting timevarying water surface elevation layer was
intersected with a digital elevation model (DEM) at each grid pouiassified as landfor each hout

The number of hours in the year each grid point was submerged (water surface elevation > DEM
elevation) was calculated and converted to percent time flooded for the year.

Effectiveness of this approach was assessed by first examining the distribution of percent time
flooded for each of the grid points$n the brackish zone of Barataria Basirf-or all tasins and marsh
types, the vast majority of sites were flooded over 90% of the time which does not align well with
observed valuesat CRMS stationswhich were mostly in the 40%70% range(Figure 2).
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Figure 2. Distribution o f modeled and observed values for % time flooded . Left:
distribution by  grid points (see text for details of approach) ; right : observed %

time flooded at brackish marsh CRMS stations Barataria Basin, 2018.

The spatial domain of the water surface elevatiomodel contained oversix million pixels, making

hourly interpolations in two dimensions computationally intensive. As a result, extensive effort was
required to examine the reasons for the mismatch, and as this was only one of the approaches being
pursuedfor this activity, it was not pursued furtherHowever,a similar approach may be useful in the
future for examination of theenvironmentalconditions under whichCRMS sitesare vegetated or not.
This approach would enable marsh collapse thresholds to baded on % time flooded rather than
depth of flooding. The % time flooded approach may be more appropriate, given that soil redox and
oxygen conditions that influence wetland collapse may be more responsive to flood duration than
depth (e.g., Visser and Petrson, 2015).

APPROACH 2: TEST MOD EL ASSUMPTIONS WITH CRMS DATA

ExistingCRMS data wre usedto test the 2017 ICM wetland collapse criterigTable2) and evaluate
wetland vegetation occurrence. This task included assessing a) ttlgange inmarsh vegetation cover
(% total cover) if environmental data (e.g., salinity, water level) showed that collapse thresholds were
exceeded b) theextent and frequency ofvetland collapse, c) occurrenceof forested wetlandsin

areas where environmetal data exceededthe collapsethreshold, and d)evidence of awater depth
limitation for vegetation occurrence. Those four assessments are listed below.

CHANGE IMARSHVEGETATION COVER

The change in vegetation cover (% total cover) was evaluated at CRii& and for multiple stations
within a CRMS site. For this analysis, it was assumed that if % total cover decredsg&0%within a
five-year period that the marsh could be experiencing collapdike conditions. The salinity and water
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level observationswere only available at the site level and were used to compare to the change in %
total cover. The results from thanalysis (Appendix A) suggestatiat most observationsof collapse
like loss of vegetation coveare temporary Thae was little evidence flom the existing CRMS data that
marsh collapse occurs commonly across the landscape. Appendipryvidesdetails about the data
analysis andexampks of stations from CRMS siteghat experienced fluctuations in % total cover and
salinity.

EXTENT AND FREQUEY OF WETLAND COLLAPSE

An alternativetechnique to examining the change in % total cover was to assea$ien the collapse
thresholdswere exceeded at the CRMS sites and whether this resulted in loss of % total cover.
Examination of CRMS data showed that #4stations from 17 CRMS sites (4% afll CRMSsites)
exceeded the flooding threshold for their respective marsh tyff€able2). Thesesite observations
weredistributed across intermediate, brackish, and salinbabitat types Somestations have been
inundated to depths above the collapse threshold associated with their respectivegetation type
(Table2) for the entire monitoring period.Though both flooding and salinity of the collapse thresholds
were metrepeatedly at CRMS sites, very few sites experienced the predicted vegetation loss. Flood
stress rarely caused a change in vegetative cover, and salinity stress did impact cover in fresh
marshes but the vegetation almost always recovered. Observations efmanent vegetation loss
mostly occurred in coastal fringe sites experiencing erosion of otherwise healthy salt margis
evaluation supports the need to reonsiderthe use of collapse thresholds inthe ICM(see Approach 4
below).

OCCURRENCE OF FORESWHILANDS EXPERIENCING COLLAPSE THRESHOLD

In the 2017 ICM the collapse threshold for forested wetlands was triggered if a maximum tweek
mean salinity level of 7 ppt was achievedio assess if forested wetlands at CRMS sites experience
this collapse threshold, the @nopy cover of forested wetlandfrom 2007 to 2018 was utilized, which
is an equivalent measure td total cover in emergent marshesf CRMS sitesTherewere 57 CRMS
swampsites, each withthree stations that contain these datg for a total of171 stations. Of those, 68
stations from 29 swampsites have canopy cover below 50% at some poir@verall the salinity
threshold was exceeded af.5% of the swamp sites but a decline in % canopy cover was not
observed; therefore, this collapse thresholdhould be removed or modifiedSee Appendix A for more
details.

WATER DEPTH LIMITATION FOR VEGETATION OCCURRENCE

Water level variability rather than water level or water depib used inICMLAVegMod to determine
species mortality and establishment. Onceegetation establishes, mean annual depth could change
considerably within a simulation and mortality would not occur if water level variability remained within
the appropriate range for the speciesvith no changes in salinity. Ithe 2017 ICM-Morph subrottine,
wetlands converted to open water with a loss of elevation if the mean water level (MWL) for two
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consecutive years was at least 0.2 m higher than the elevation of the marsraple2). CRMS data
were examined to explore whethahere was a threshold depth above which vegetation does not
occurregardless of its habitat type andrariation of salinity. If there are no vegetation coverage
observations above an inundation and salinity limit, then the ICM should not assume that vegieta
can survive above that upper limit.

Mean annual water depth for herbaceous vegetatiotoverage at CRMS marsh sitesas plotted
against mean annual salinityfor each year of observationKigure 3).Because of extensive scatter in
the data, a curve deihing a relationship between the two variables was fitith a 2.5 and 97.5t
guantile of the data. See Appendix A for mordetails onthis analysisof CRMS data
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Figure 3. Salinity and water depth distribution of vegetation occurrence in
coastal Louisiana with blue line at 97.5 ™ quantile . Each point represent s mean
salinity and depth for a single CRMS station (2010 -2017) ,n=1944 . The grey

line represents the 2.5 ™ quantile from the quantile regression analysis

Theblue curve in Figure 3could be used to identify a maximum depth, varying by salinity, above which
established vegetation would not be considered to survive (i.e., a threshold for transition from
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vegetated land to open water in the ICM). Thmue curve inFigure3 fits the notion that as salinity

stress increases, plants become more vulnerable to flooding stress. Previous studies have shown that

plant biomass decreases and mortality increases as plants experience multiple stress(Btocum &
Mendelssohn, 2008; Visser et al., 2006)Yeaty water level and salinity data plotted bgtation in
Figure 4were classified accordingo vegetation communities(Snedden 2019) to determine if there
were anyclear patterns that wouldsuggestthe need to applya salinityvaried depth threshold by
vegetation type. No clear pattern or grouping by vegetation type was apparent, in contrast to the
threshold by habitat ype approach used in the 2017 ICM.
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Figure 4. Water depth and salinity distribution by vegetation community in

coastal Louisiana

depth for a single CRMS station for a si

by community type

. Each point represented mean salinity and
ngle year (2010 -2017), n=1944.

vegetation communities are dominated by the following indicator species:

Maidencane =

Roseau cane = Ph

Panicum hemitomon

ragmites australis

, Three square =

Eleven

Schoenoplectus americanus

Wir egrass =

Spartina patens

Juncus roemerianus

alterniflora , Saltgrass =

, Bulrush =

Communities here are defined fol

lowing Snedden (2019).

, Pasaplum = Paspalum vaginatum
, Bulltongue = Sagittaria lancifolia , Needlerush =
Bolboschoenus robustus , Oystergrass = Spartina
Distichilis spicata , and Brackish mix = none.
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APPROACH 3: LITERATU RE REVIEW

A literature review was conducted to identify current understanding of substrate elevation change and
vegetation response to inundation and other environmental conditions. These studies were examined
for evidence ofcollapse thresholdsand how to conceptualize the land loss and land gain the ICM

FORESTED WETLANDS

AppendixB summarizesrecent and relevant literature in relation to documented collapse thresholds
or criteria for forested wetlands. The was evidence from labexperiments(mostly with seedlings) and
field measurements fesponse ofadult treesto Hurricane Sandythat mortality occurs at high salinity.
For example, Connef1994) showed that bald cypress seedlings diedfter exposure tosalinities of 10
ppt for two weeks. However, plants survived a simulated storm surge with salinities of 21 ppt for 48
hours, followed by a slow decrease to 2.5 ppt (over ~1 weeltudies in the Maurepas swamp in
Louisiana(Hoeppner et al., 2008; Shaffer et al.2009) used annual soil salinity measurements which
limits a direct association with the collapse threshold approach that uses a tw@ek surface water
salinity (Table2). The highestannual soilsalinity noted was 45 ppt duringthe 1999-2000 drought
whentree mortalityoccurred

MARSHES® CAUSES AND CONSEQUENCES OF MORTALITY

Few papers directly address the collapse of marshes in terms of the conditions that kill vegetation or
the consequences of vegetation loss for the marsh sutsate. Chambers et al(2019) provide a useful
overview of peat collapse, whicks similar to wetland collapse as represented in the ICM. They define
peat collapse in a wetland as when highly organic so{ts 20% organic matter by mass) lose elevation
within the root zoneand create an open water/pond or a mudflat area. The chronic stressors that
cause peat collapse can be inundation, nutrient enrichment, and salinity intrusion. They note that
once vegetaton dies, peat collapse can occur between 5 months to 3 years latand elevation
decreases up to 15 cm. DeLaune et al(1994) measured a 15 cm peat collapse over a-§ear period

in a LouisianaS. patens marsh. While the authos suggeskd that the collapse was due to excessive
inundation, water levels were not monitored.

Exposed outdoomesocosms were used by Li and Penning2019) to experimentally subject fresh
marsh vegetationto three salinity levels (3, 5, and 1(ppt) crossed with five exposure durations (5, 10,
15, 20, and 30 days per month), plus a freshwater control treatment. Results supported the
hypothesis that the responses and recovery of tidal marsh vegetation were directly related to the
salinity and duration of saline pulses. Highezalinity, longerduration salire pulses caused community
composition shifts towards more saitolerant species, as well as towards lower species richness and
lower aboveground biomass. Communities experiencing ksalinity and shortduration saline pulses
recovered due to the regrowth fosalt-sensitive species. Community composition of heavily salinized
treatments did not recover, but aboveground biomass did indicate that species transition rather than
mortality can occur in response to salinity stress. Outdoor mesocosms were uggdChales et al.
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(2019) to examine the effect of elevated salinity (~@pt) on freshmarsh vegetation(Cladium
jamaicense) from the Florida Everglades. While there was some effect of the salinity treatment on
elevation @ decrease of~3 cm yr?), the plants survived.

Lane et al.(2016) simulated wetland loss by applying herbicide to vegetation in plots in fresh,
brackish, and saline Louigna marshes. Elevation surveys found decreases in elevation at all the
treatment plots compared to the surrounding wetland elevation. Over the 1.5 years of the study, the

fresh site had an average decrease i nurrauhdiey ati on of
wetland. This rate of elevation lossvas significantly greater tharexperienced atthe brackish and
salinesi t es, which had relative elevation | osses of I

respectively. However, other studies which experimeriiakilled vegetation saw no change in
elevation. McKee and Vervaek018) used wrack to killSpartina alternifloraand freeze treatments

to kill Avicenniain a study in south Louisiana. No effects on surface elevation change were found
associated with the experimental mortality. Reed et al. (200 incorporated a lethal treatment into
their field experiment in a brackish marsh community dominated I8/ patens and Schoenoplectus
americanus(Northshore of Lake Pontchartrain in Louisiana). The lethal treatment was found to have
no significant effecton surface elevation change. Elevation change in bare plots, wh&elterniflora
had previously been killed due to brown marsh dieback, was tracked o¥iee years (startingsix years
after the dieback) by Baustian et al(2012). They measured 9.4 mnyrlof surface lowering over the 5
year study in dieback areas (i.e.,-20 years following the initial vegetation loss).

Several studies have examined elevation change following burning of marshes. Cahoon €an4)
noted elevation loss of 23 cm in sixmonths following burning ofS. patens. However, their study in
coastal Texas showedhat unburned marsh declined faster than burned marsh (67.9 mmr! vs. 36.9
mm yrl of elevation loss). The elevation decline not associated with burning was attributed to death
and breakup of theS. patensmat following prolonged flooding. McKee and Gra¢2012), also
working in coastal Texas i®. patens marshes, found that experimentally burned plots gained
elevation faster than plots which were not burned.

VEGETATION ESTABLISHMENT ON NEWLY BUILDING LAND

Several studies of seed germination and flooding were identified. Keddy and Hli985) show that
there was at least 25% sed germination at 5 cm of flooding fol1 different freshwater wetland
species includingPolygonum punctatumS. americanus and Sagittaria latifolia Baldwin et al. (2001)
conducted a seedbank study and show that many species from a freshwater wetlandrgimated in
water 34 cm deep.

In addition, observational and remote sensing studies of newly establishing areas of vegetation in the
Bird® Foot Delta and the Wax Lake Delta were reviewed. Relevant information regarding the elevation,
depth, or flooding @nditions for vegetation typess summarized inTabk 5. Olliver and Edmonds

(2017) did not examine specific species but examined the transitions from either open water or bare
sediment to vegetation, based on remote sensing data.
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Table 5. Summary of observed elevation, relative elevation, depth , and flooding values
associated with  vegetated deltaic areas in Louisiana.

Carle et Olliver & Shaffe r White Cahoon et al. Johnson et
_ al. Edmonds |etal. (1993) * |(2011) al. (1985 )*
Vegetation or (2013)7 (2017) # [(1992 )&
land cover . . . . _ -
classification Elevation Elevation Elevation Relatl\(e Time Flood | Height above
(cm, (cm, (cm, Elevation flooded* |depth | MWL (cm)
NAVD88) |[NAVD88) NAVD88) |(cm) (%) (cm)
Potamogeton 1
nodosus
Nelumbo lutea 11
Polygonum spp. 37
Colocasia
47 <-11
esculanta
Salix nigra 53 0 6 3.67 21(2) - 9(8)
Sagittaria
o -37.8 94 16.53 9(2) - 6(3
latifolia 2) (3)
Typha latifolia 17(4) - 4(3)
Schoenoplectus
P -11 50 6.31
spp.
Colonizing
99 28.24
mudflat
Water to
. -12
sediment *
Water to
. 4 -9
vegetation
Sediment to
. 4 12
vegetation
" Mean substrate elevations by vegetation class from 2009 LIDAR data ( low tide); vegetation
measurements  from 2010-2011
# media n surface substrate elevations by land -cover class from LIDAR data; land -cover classes defined by
the difference in maximum and minimum biomass during 2014; mean lower low water and mean sea level
approximately -0.215m NAVD88 and 0.116 m NAVD88 at the del ta apex
* percent time flooded calculated over a 340 -day period
& substrate elevation =5 cm ( NAVD 29) was converted to -37.8cm ( NAVD88) using NOAAOS &/Datum tool
online
% relative elevation determined during 2 days of extreme flooding; on average, Scirpus (i.e.,
Scheoneoplectus ) sites were 11 cm lower than Salix sites. Colacasia sites were assumed to be even lower
$ mean with standard error
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APPROACH 4: RECONSID ER USE OF COLLAPSE THRESHOLDS IN THE ICM

The identification of new threshold values to repladhose in Table2 may not be needed if aspects of
how wetland extent are simulated in th€017 ICM are modified. This approach builds on the
information developed through examination of CRMS data (Approach 2) and literature studies
(Approach 3) to leverage other aspects of the existing ICM subroutines to model transitions from
vegetated wetlands to open water and vice versa.

The mortality and establishment tables ilCMLAVegModalready account for the transition of
vegetation specis under varying hydrological conditions, including transition to baregrourithese
tables consider both salinity and hydrology (specifically, water level variability). In the 2017 ICM,
bareground converts to open water with a loss of elevation if thdWLfor two consecutive yearss at
least 0.2 m higher than the elevation of the baregrounflable?2). Bareground occurs inCM
LAVegModvhen environmental conditions (salinity and water level variability) result in mortality of the
existing species but conditions are not suitable to establishment of any species within a proximity
defined by the dispersal algorithnfVisser & DukeSylvester, 2017) The2017 ICM application of the
collapse thresholds to vegetated areas makes the transition directly from vegetated to deeper open
water without a bareground phase

Few direct studies ofivetland collapse are available (see Approach 3). Chambers et @019) note
that the loss of elevation due to collapse can occur betwedive months andthree years following
vegetation death. Lane et al(2016) showed a loss of elevation of less than 5 cm in 1.5 years
following treatment of marshes with herbicide. Given this, the collaptfereshold approach applied for
vegetated areas in the2017 ICM may be too aggressive.

POTENTIAL OPTIONS TO TEST

Based on the previous analysis, adjusting the way in which vegetated land converts to open water, and
vice versa, may address the issues with sensitivity to the collapse thresholds and allow the combined
effect of salinity and inundation to influence land losdActivity 4discusses adjustments to transitions
within flotant and fresh forested wetlands that align with the approach presented here for attached
marshes

Three sets of processes need to be coitered in revision to the2023 ICM:

9 Gradual TransitionsRather than specific collapsehresholds tha immediately
convert vegetated areas to open water, transitions should be more gradual and for
most vegetation types could include a bareground phase whegagetation could be
re-established depending on environmental conditions

1 Water Depth Limitation for VegetationThere should be a depth limithat varies by
salinity for vegetationoccurrence
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1 Elevations Enabling Establishmentin elevation relative taMWL is neededto identify
substrate which is eligible for vegetation establishmerfhote that a threshold was
used in the 2017 ICM, but the teansuggestsre-visiting the value)

The ICM operates on an annual time step with decisions made each year on wheteareais land

or water and whether lands vegetated and how its elevation changes. The cover typesolved in the
processes described above arproposedin Table 6 The distinction between new and old bareground
and the addition of unvegetated flats rquire changes to the 2017 ICM.

Table 6. Proposed 2023 ICM | and cover types considered as part of the
transitions between vegetated areas and water.

Cover Type Description

Vegetated Areas covered with emergent vegetation. Vegetatio n type
determined by ICM -LAVegMod

Bareground_new Unvegetated areas where the bed elevation relative to MWL
is above the elevation for vegetation establishment AND
were vegetated in the previous year

Bareground_old Unvegetated areas where the bed elevati on relative to MWL
is above the elevation for vegetation establishment AND
were bareground (old or new) in the previous year

Unvegetated Unvegetated areas where the bed elevation relative to MWL
flats is above the elevation for vegetation establishment A ND
were not vegetated or bareground (old or new) in the

previous year

Open water Areas where the bed elevation relative to MWL is below the
elevation for vegetation establishment

Theproposedpathways of transition among cover types are shown kigure5 which also indicates
how the three processes outlined above control the transitions. Each set of procesgedescribed
here, followed by a table that shows how they are applied together.
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Figure 5. Transitions among cover types with the three sets of processes
proposed to transition between vegetated land and open water for the 2023 ICM

GRADUAL TRANSITIONS

ICMLAVegModletermines whether an area thatvas vegetated remains vegetated (ad, if so, the %
cover by species). The result can heegetatedland or baregroundwith no vegetation cover.

Bareground occurs when no species within the dispersal range were able to establish based on the
previous year 06s s al ity iBarggromdiscvailalzet far vegetatom te éstabishr i ab i | i
based on rules of establishment and dispersal in the following year. In the first yefar,

bareground_new no changes in elevation are made (except those associatedth mineral sediment
deposition and subsidence). However, after the first yeaior bareground_newthat has not become
either vegetatedor transitioned toopen water(see Water Depth Limitation below)will become
bareground_old The elevation obareground_oldwill be progressively reducs, in addition to changes

in elevation associated with mineral sediment deposition and subsidence. Based on the literature and
limited available studies and databareground_oldelevation changewill initially be tested using a
decrease of 5 cmyrl. Thesechanges in elevation may be offset to some extent by sediment
deposition, but there will be no organic accumulation in the soil for bareground. 8tate of elevation
decrease forbareground_oldfor test runs was defined based on data from existing litenate

discussed above (e.g., Lane et al., 2016; Cahoon et al., 2004; Baustian et al., 20H2)d best
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professional judgement. Bottbareground _newand bareground_oldremain eligible for vegetation
establishment until water depth exceeds th&Vater Depth Limitaion criteria.

Two additional changego the 2023 ICMare associatedwith these transitions:

1 ICMLAVegModeeds to be updated to allow for acute stress to impact vegetation
(see Approach 4 above). The chandgeneeded to allow for a tweweek increase in
salinity to impact fresh marshes (floating and nofloating). Thevalues for collapse
thresholdsin the 2017 ICM(Table2) can be used but the resultshould be
bareground_newrather than open water.

1 Changes are to be made to the dpersal rates so that they vary by speciesitially
with three dispersal classedo be testedfor the wetlandvegetationspecies(see

 Table7). Note that in the 2017 ICM, all species were only allowed to moveda
adjacent box.

Table 7. Dispersal class characteristics to be tested for potential use for the 2023

ICM. Note that wetland vegetation species can only establish if the

environmental conditions are met in ICM-LAVegMod boxes and ar e established
proportional on how well they adapt.

Dispersal Species Annual

Class Dispersal Rate

Low Quercus lyrata, Quercus texana, Quercus Can only move
laurifolia, Ulmus americana, Quercus nigra, to an adjacent
Quercus virginiana, Taxodium distichum, Nyssa box

aquatica, Panicum hemit  omon ( attached and
flotant ), Spartina alterniflora

Medium Eleocharis baldwinii, Morella cerifera, Cladium Can move two
mariscus, Sagittaria lancifolia, Eleocharis boxes
cellulosa, lva frutescens, Paspalum vaginatum,
Schoenoplectus californic  us, Spartina patens,
Schoenoplectus americanus, Spartina
cynusuroides, Juncus roemerianus, Distichlis

spicata

High Salix nigra, Sagittaria latifolia, Zizaniopsis Can move to
miliacea, Colocasia esculenta, Polygonum any box
punctatum, Phragmites australis, Typha

domingensis, Avicennia germinans
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WATER DEPTH LIMITATI ON

While water depth was used in the 2017 ICM collapse thresholds (in I@Abrph), ICMLAVegModises
water level variability, rather than water depth, to determine speciesmposition of the available area
determined by ICMMorph. A model test was designed usirthpe curve inFigure 3(built from CRMS
data) to determine a maximum water depth for vegetatiomccurrencewhich varies by salinity. This
curve allows for a direct trangion from vegetation to open water and thus replaces the collapse
thresholds used in the 2017 ICM and eliminates the dependence of the loss of marshes in the
classification m habitat type. If theannual mean inundation depth and annual mean salinityut
vegetated land below this limit, then the area will remain vegetated. If the lingtexceeded, then the
area will convert to open water. Note that there should not be a change in elevation associated with
the conversion to open water. If the marstvas subject to this amount of floodingit should alreadybe
low in the tidal frame. Also, the change to open water meatfse substratewill no longer receive
organic matter accumulation as a contribution to vertical accretion. Thusshould continue tobe
lower relative to surviving marshes. Thigater depth limitation will also be applied to bareground as
shown inFigure5 but does not apply to flotant or associated flotant bareground (see Activity 4).

ELEVATION FOR VEG ETATION ESTABLISHMEN T

Within the ICM framework, pen watersubstrate can only convert back to vegetated area if mineral
sediment deposition increases elevation above a threshold for vegetation establishméot water
levels are persistently lowered)Openwater does not transition to bareground because this rarely
observed in coastal Louisiana wetlands. Vegetation tends to establish quickly once elevation
increases to the point where plants can grow. The informationTiabke 5 from Carle et al.(2013) and
Olliver and Edmondg2017) can be used to determineslevation positions relative toMWLfor
vegetation cdonization and transition from open water to vegetated land. Due to the limited data
available two elevationsrelative to MWLshould be initially tested to assess the effects on land gain
within the ICM framework:

1 Bedelevationrelative to MWL= MWL Thiswas approximately the point where Olliver
and Edmonds (2017) identify the sedimentegetation transition.

1 Bed elevationrelative toMWL= 10 cm aboveMWL Thiswas within the range of
elevations identified by Carle et al. (2013) for the lower limit ofiarsh elevation (5.5
cm accuracy on LIDAR survey).

In addition, the modifications to the dispersal ratesT@ble 7) that vary by species should enable
certain deltaic species to establish from propagules in river water. These are also subject to testing to
assess the resulting vegetation distribution and the effect on land gain in the ICM.
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MODEL IMPROVEMENT TE STING

Suggested improvements were assessed with test runs that werempared to G400, the future with
action run from the 2017 ICM(i.e., with master phn projects in place)yun with the medium
environmental scenario (S04jrom the 2017 Coastal Master PlanThese test runs (G020, G021, and
G022) are summarized inTable 8along with some additional testgshat may be needed as
improvements are integrated with other updates for the 2023ICM

Table 8. Model runs suggested to test the Activity 1 recommendations . Runs
marked G### are suggested for future testing.

Name Issue to be Description of Test

Tested
Water depth Maximum depth Remove collapse thresholds and add a
limitation for vegetation and depth limitation by salinity for all
(G02 0) bareground vegetation (except forested wetlands) and

bareground.

New land 1 New land Replace 2017 ICM land gain threshold
(G021) establishment with bed elevation = MWL as the

threshold for allowing vegetation
establishment.

New land 2 New land Replace 2017 ICM land gain threshold
(G022) establishment with bed elevation = 10 cm above MWL as
the threshold for allowing vegetation
establishment.

Bar eground Gradual transition Remove collapse thresholds for forested

lowering 1 of land -water via wetlands and FIBS. Retain collapse

(G#H##) bareground threshold for bareground and land gain
lowering threshold. Add distinction between

bareground_new and bareg round_old and
lower elevation of  bareground_old by 5

cmyr L
Bareground Gradual transition As for Bareground lowering 1 but do not
lowering 2 of land -water via lower elevation of bareground, i.e., test of
(G###) bareground lowering=0cmyr !
lowering
New dispersal Change in Replace existing dispersal distance (1
(G###) dispersal rates by box) with three dispersal classes (by
species species). See
Table 7.

WATER DEPTH LIMITATION (G020)

A model test(G020) was undertaken to assess replacing the collapse thresholds used in previous
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master plans with awater depth limitation for vegetationoccurrencewhich varies by salinityln the
model test, the collapse thresholds were only removed for FIBS. No change was mémeswamp and
bareground and all other aspects of 2017 ICM remain the same. Theater depth limitation shown in
Figure 3was applied based on a single year of hydrologhhe test run was compared to a future with
master plan projects run using the 2017CM (G400).

There are key differencedetween this proposed approach anthe collapseapproach usedin 2017

ICM While the curve applied imposes limiting depths similar to those previously used for intermediate,
brackish, and saline marshes(Table?2), the previouscollapsethresholds required exceedance for two
consecutive years. In addition, previously fresh marshes were not subject to arater depth limitation
and were subject to a maximum twaveek salinity in any year.

Prior to the test, run effects were hypothesized, and the results were examined for such effects
AppendixCincludes discussion of the results of tis test. The resultsare summarizedhere:

9 Loss patterns for ®20 were similar to G40Q but the large loss areas assciated
with sudden collapsewere eliminated(e.g., Year 33 in Mermentadrom G400). The
sudden collapse of fresh marshes due to singlgear salinity effects seerad to be
eliminated.

1 There are still periods of rapidiand loss, but initial inspection indicaes theselosses
may be associated with progressive increase in water levelsat crossed the depth
limit. Notably, theseland losses were observedh fresh marshes which was not
observedwith the previous approach.

9 Restoration projects that are designedataddress salinity effectsvere notspecifically
investigated.Future model runs shoulddentify an area that experiences salinity
declinein the future without action using the 2017 ICMG&300), whichtests
restoration projectinfluencesin G400. Thewater depth limitation could then be
imposed in the2017 ICM G300 run so that project effects could be more specifically
identified.

This test has shown that the approacthat uses the waterdepth limitation, which varies by salinityfor
vegetationoccurrence shows intuitive results. By replacing the previous threshold for fresh marshes
this approach addresses the issue of sudden loss due to singlearevents. Despite being applied to
singleyear exceedance, as opposed to the two consecutive years previgugquired, the loss

patterns do not appear to be responding to extreme years. However, subjecting a marsh to high water
levels for two years in a row prior to lossas likely more consistent with field experience.

This approach increass land loss in manyareas of the coast, perhaps more than anticipated. The

Predictive Modeling Technical Advisory CommittdeM-TAG noted that developing the relationship for

water depth I imitation by salinity based hen CRMS sit e
data was from marshes that survive, not those that are lost). However, CRMS data indicate that using

a 97.5t quantile to account for this may cause land to be lost under conditions where they currently
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occur. For example, if fresh marsh CRMS sites wdleoded on a mean annual basis with 35 cm of
water (a general estimate based ofigure 3 for two years in a rowthen only vegetatd stations at 10
CRMS sitesvould have experienced these conditionsAccording to observations, my six of those
sites had stations that lost more than 50% coverRigure6).

F125

100

N Observations

[T ]

T T ! 1 ! I
-100 -80 -60 -40 -20 i} 20 40 ] 80 100
Total Cover Change (%)

Figure 6. CRMS vegetation stations that experienced > 35 cm of flooding for two
consecutive years by % cover change.

Several of these dies were observed to support fresh marsh vegetation which does not appear to
show stress The curve applied in the G20 test was based on97.5" quantile of the data, and for
fresh marshes may impose too low a depth limit on vegetatiatcurrence Percentiles that include
higher depth limits for fresh marshes and onlgninor changes for noAresh marshes(e.g.,the 99.5t
quantile in Figure 7) could be tested.

An additional refinement would be to assess theater depth at the scale of the landwater mapping in
ICMMorph with30 m x 30 m pixels, rather than the 500m x 500 m vegetation boxesn ICM
LAVegModAs the application of thevater depth limitation does not require information regrding
habitat type, it can be gplied at the scaleat which elevation usedor waterdepth calculatiors is
tracked. If this approach is taken, it will be necessary to ensure teater depth limitation is not
applied toflotant or forested wetland areador reasons discussed above
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Figure 7. Salinity and water depth distribution of vegetation occurrence in

coastal Louisiana with blue line at 99.5 ™ quantile . Each point represent s mean
salinity and depth for a single CRMS station (2010 -2017) , n =1944 (Figure 3 ).
The grey line represents the 0.5 th quantile from the quantile regression analysis

ELEVATION FOR VEGETATION ESTABLISHMENT (G021 AND G022)

Two model tests (821 and G022) were undertaken to explore the appropriate elevation relative to
annual MWL at with vegetation can establish. Three runs are compared with different elevation
thresholds

 G021: Establishment elevation = MWL

G022: Establishment elevation = MWL+1@m

1 G400: Establishment elevation = MWL+2@m (Base run reflecting the 2017 ICM
approach)

==

In each run the elevation relative to MWL has to be met or exceeded for two consecutive years before
the area becomes eligible for vegetation establishment. All other conditions in the 2017 ICM remain
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so any new land resulting from the change in establistant elevationrepresents land that was lost
due tothe collapse thresholds used inhe 2017 ICM.

Prior to the test run effects were hypothesized, and the results were examined for such effects
AppendixD includes discussion of the results of ts test. The resultsare summarizedhere;

9 Consistently across the coastand areawas greatest with @21, followed by ®22
and G400. Thisis shown clearly in time series plots (AppendiX). Areas of active
sediment deposition show that this effect increases oveinte, suggesting that delta
building was more effective when the elevation for vegetation establishmentas
lowest in relation to MWL. For nodeltaic areas G021 still shows greater land area
as aresult of early year spirup issues there was not an increase in land area over
time (AppendixD).

1 While there may be some isolated small areas of land gain, likely associated with
slight irregularities in the DEM (AppendR), for the most part additional new land
gained in delta building areas in G21 and G022 was contiguous with existing land
masses.

9 In areas without active subaqueous depositigrthere was some difference in land
area between ®21, G022, and G400. However, these are not progressive increases
in land area and resultfrom differences inrealignment of initial conditionsduring the
first few years of the simulatios (Appendix D)

In addition, inspection of land change maps showed that some shallow channels and small ponds
infilled in G021, relative to their condition in G400. The effect was less &lent in Q22. Thiswas also
to be expected when the elevation for vegetation establishmewas increased. Any areas above that
elevation for two consecutive years would become eligible for vegetation establishment angsth
convert from open water to landModel simulations based on any type of threshold condition are
always subject to minor perturbations above and below the threshold.dher modification being
considered, the imposition of avater depth limitation for vegetationoccurrence would ensure that
areas of vegetation established do not unduly persist as water depths increase.

The changes to the elevation for vegetation establishment tested hemoduld also interact with
potential adjustment to vegetationdispersal rates.Change in land area focurrent testsrequires not
only that substrate elevation has exceeded to the level appropriate for establishmgbtit also that
wetland vegetationis available to establish. Thus, a fuller test wouldlso include recommended
changes in wetland vegetatiomlispersal rates (three proposed classesyvhich would allow some
species to establish in any aredTable8).

RECOMMENDATIONS AND NEXT STEPS

The team puts forth the following recommendations:
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1. Remove the tweweek salinity collapse theshold for swamps as there was no
evidence of such sudden loss occurring in fresh forested wetlands in Louisiana.
2. Land change aspects of the ICM should be modified to reflect:
a. Gradual Transitions

i. Consider the approach to bareground lowering described img
report and determine the rate of lowering based on model tests
(proposed tests at 0 cm and 5 cm per year)

ii. ModifyICMLAVegModo convert fresh marsh that meets two-
week salinity mortalitythreshold to baregroundo reflect acute
effects of salinityon vegetation.Assuming no other species
establish, bareground wouldthen be available for vegetation
establishment the following year.

b. Water Depth Limitation

i. Replace collapse thresholds for FIBS habitat types withe
water depth limitation by salinityfor vegetationoccurrence.

ii. Apply thewater depth limitation based on two consecutive
years.

iii. Calculate depth at the scale of the 30 m x 30 m pixel

iv. Explore the effecs of water depth limitation using a curve
based on the 995t quantile of the CRMS data

c. Elevation for Vegetation Establishment

i. Use an elevation for vegetation establishment of MWL+Xn

(G022) and retest with the updated dispersal rates.

2.2 ACTIVITY 2: REFINE T HE ORGANIC MATTER ACCRETI ON
APPROACH

ISSUE

Wetland surface elevations in the natural ensdnment change over time due to a suite of physical and
biological factors with complicated interactions that are not yet well understood. Wetland elevation
canincrease due to accumulation of organic and/or mineral sediment, while decreases in elevation
can occuras a result of surface erosion, soil compaction, soil organic matter decompositiona
combination of these processesDrivers of these processes include frequency and duration of
inundation and changes to salinity, temperature, soil propertiegegetation type and cover, etc. The
ICM attempts to capture the net results of elevation change and resulting land loss over time without
accounting for all contributing processes and driver3he flow ofrelated information in the 2017 ICM
(Couvillion etal., 2013; Meselhe et al., 2013; Steyer et al., 2012)s shown inFigure 1 Organic matter
accumulation iscombined with mineral sediment accumulation (provided by |IGi¥/dro)to estimate
total annual vertical accretion rate YAR. Capturing organic matteaccumulation is particularly
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important for coastal Louisiana, wherevetland soils often have a limited supply of mineral sediment,
and organic mattercan contribute > 80% to vertical accretiorfMorris et al., 2016; Nyman et al., 1993,
2006). Additionally, &nd loss results from the2017 ICMwere shown to besensitive to organic matter
accretionas wel as mineral sedimentation (Meselhe et al., 2017)In the ICM,wetland elevation
increases result from a combination ofsoil mineral matter accumulationrate (MMAR or Qd) and
organic matter accumulatiorrate (OMAR or ), but OMAR doesot respond dynanically and
explicitlyto hydrological processesFor the 2017 ICM,organic matter accumulationvas defined by
wetland habitattype andhydrologicbasin using lookup tables with annual equivalents for mass/area
(and for bulk density) derived from CRMS s$qiroperties data following from the approach outlined in
Steyer et al., 2012) This activityis focused onrefining the approach to model organic matter
accumulation, includingidentification and assessment ofa relatively simple but ecosystem process
drivenoption to predict OMARbased on changing environmental conditionge.g., inundation, water
level variation, etc).

BACKGROUND

This activityinvolved an extensive review of existing literature and data related to OMAR to determine,
for example,whether OMAR within a wetland habitaype (Activity } varies with environmental
conditionsand how OMARvaries spatiallyacross coastal Louisiana. The activity also required
consideration of how observations and data could feasibly be incorporated into the ICM framework, for
example,howto utilize OMAR and mineral sediment deposition to calcula¥ARin a manner that
accounts for the highly disparate densities at which organic and mineral matter accumulate itusi

For use in the ICM, procedures for modeling soil organic matter accumulatiweed to be a) responsive

to inputs provided by other ICM subroutines; b) tractable within the ICM simulation framework, which
by design simplifies many complex ecological interactions; and c) grounded in an understanding of
coastal Louisiana wetland soiland processes.While the main focus of this activity was on organic
matter accumulation, adjustments to other related model assumptions were also considered. New
approaches to egetation classification methodolog were evaluated, both fodevelopment oflook-up
tables and for postprocessing of model outputin addition, an assumption from the 2017 ICM that
vertical accretionwould not occurin areaswith no mineral sediment deposition determinedbased on
the extent of flooding of the wetland surfacewasre-visited. It is possible hat a marsh may not flood

in any specific year, but wetlandregetation maystill contribute to net vertical accretionthrough

primary production.

Extensive data are now available through CRMS to provide context for this act{@ty., soil properties

data, including a second CRMS soil properties survey fr&@14 and 2018 ; VARestimated with 10+-

yearold marker horizonsand 10+ years of water level, salinity, and vegetation species composition

data). For the2023 Coastal MasterPlan analysis subsidence, includingg s hal | ow subsi denced (
et al., 1995), will be consideredseparatelyand will vary by environmental scenarid’hus, in analyzing

the CRMS data, itvasimportant to separate processes that inform organic matter acowlation as

described inFigure 1, from those considered elsewhere in the ICNFigure8 parses out potential steps
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in calculating vertical accretion and surface elevation change relative to existing ICM calculatiand
CRMS data.

ICM Hydro Salinity
7 |:| Accounted for in ICM
— Vegetation
type/species |:| Potential scenario values
| T~ [ CRMsdata

!
Sediment deposition
mass/area/time

.

Particulate
= | accumulation
mass/area/time

+ Dry Bulk Density

Accretion
1 mass/volume

’ depth/time

Soil organic matter Accounts for pore space
accumulation
mass/volume/time | New soil material
per time period Total subsidence (depth/time):
- Shallow Surface elevation
subsidence/expansion N change
Accounts for soil compaction de pth/time
- Deep subsidence

A4

ICM Hydiro, etc.

Figure 8. Potential flow of information in relation to organic matter accumulation

illustrating role of CRMS data and subsidence scenarios . Red box outlines
indicate CRMS data, and green boxes indicate informati on associated with
scenarios.

Additional data to inform refinement of the approach to model OMAR are available from other studies,
but the observations are not always easily applicable within the ICM framewdvlany of these studies
utilize measurements ofbulk soil accumulation over timeapplying avariety of techniques from

marker horizons to radiometric dating (e.g!3’Cs and?10Pb) to estimate overall rates of accumulatign
and estimating soil bulk density and organic matter content to calcula@MVAR(Baustianet al., 2017;
Cahoon & Reed, 1995; Callaway et al., 1997; Couvillion & Beck, 2013; Neubauer, 2008; Nyman et al.,
1990). Most of these studies report organic matter accumulation in gravimetric terpaften with

some conversion to volume contributions baseon assumptions regarding specific gravity of organic
matter. More recently, studies have measured soil carbon directly to assess soil carbon accumulation
rates (Ouyang& Lee, 2014).

For this activity, the team identified methods teeduce uncertainty in estimating OMAR using existing
bulk density/organic matter lookup tables, whichprovide single values by basin ando notallow
consideration ofvariability in bulk éensity/organic matterwithin vegetation typesor over time The
team also explored potential methods tincrease the responsiveness of sil OMAR to changing soil
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conditions within the ICM framework, which would represent a move toward more mechanistic
representation of organic accretionWhile a fully mechanistic approaclo modeling processes related
to OMARSs not consistent at this time with the goal ofoastwide longterm predictionsfor the 2023
Coastal Master Planmore mechanisticmodelingapproaches may be further explored for future
master plan efforts. More mechanistic modeling approaches could, for exampietermine OMAR
values based on biological processes such as belowground productivity, root/shoot allocatiand
decompositionof various pods of soil organic matter(e.g., labile and refractory)These biological
processes are closely related to physical conditions includisgbsidence,salinity, inundation(depth,
duration, frequency, etc.,)nutrient availability, suspended sediment concentation, light, and
temperature; thus, OMAR can be directly linked and modeled to these physical procesé@austian et
al., 2018b; Snedden et al., 2015) For example, the soil cohort based relative elevation mod#airis
& Rybczyk, 2010)stimated organic matter accumulation via root biomass distribution and
decomposition of organic matte(labile and refractory fractionsjor seagrass habitats in Padilla Bay,
WAIn combination with mineral input, sediment compaction, eustatic sea level risend subsidenceto
determine elevation dynamics.

APPROACHES/METHODS

Several approaches werassessedto attempt to increase the responsiveness cOMARto inundation
in the ICM and to inform recommendations for update§hese approaches included revising how
vertical accretion was calculated in the 2012 and 2017 predictive models and how OMAR might be
more responsive to inundation.

Approaches:

1. Update the existing coastal master plan loekp tables

Develop OMAR loclp table to apply with the ideal mixing model

3. Utilize regression analyses from CRMS data to quantify OMARhdation
response functions

4. Derive OMARNundation response functions from previously published in situ or
laboratory mesocosm studies.

n

APPROACH 1: UPDATE T HE EXISTING COASTAL MASTER PLAN LOOK-UP TABLES

The soil organic matter and bulk density values utilized in tl2912 and 2017 predictive modelswere
derived from the 2007-2008 soil core collection campaign at the initiation of the CRMS sité$able 9).
A second soil core collection effort occurred 2014 and 2018, and those data are available to
update lookup table values (Table 10). This approach was not pursued further because other
approaches the team explored that do not rely on a loalp table of bulk density and organic matter
values to calculate VAR are preferred.
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Table 9. Final calibrated values of bu

Ik density and organic matter

various habitats and basins utilized in the 2012 Coastal Master Plan

types: F - Fresh Marsh, | 7

Marsh. Bulk Density is in g cm

Intermediate Marsh, B
-3 This table

-Brackish Marsh, S

(%) content of
. Habitat
- Saline

is copied from Table 8 in Steyer et al.

(2012) and was adjusted for the 2017 Coastal Master Plan during calibrat ion ( see
Appendix E).
Basin Delt a F I B S Swamp Other
Bulk Density (gcm -3)

Calcasieu/Sabine 0.08¢ 0.13°¢ 0.2832 0.4¢ 0.24 4
Mermentau 0.042 0.19° 0.382 0.41°b 0.244d
Teche/Vermilion 0.259 0.16° 0.21°b 0.53¢ 0.36°" 0.244d
Atchafalaya 0.65° 0.25P 042" o0.21¢ 0.21°b 0.24d
Terrebonne 0.11° 0.182 0.322 0.32¢ 0.33°¢ 0.10°
Barataria 0.052 0.08° 0.15°b 0.282& 041° 0.10¢d
Mississippi River

Delta 0.46 ° 0.05 ¢ 0.234d 0.75¢ 0.10 ¢
Breton Sound 0.0549 0.119 0.232 0.53 2 0.10¢d
Pontchartrain 0.059 0.11° 0.23¢ 0.44°¢ 0.30° 0.10 ¢

Organic Matter (%)

Calcasieu/Sabine 61¢ 58¢ 33@ 19¢ 324
Mermentau 822 40° 162 140 32d
Teche/Vermilion 304 47" 37° 14¢ 18P 324
Atchafalaya 7b 30° 13°b 374 37° 32b
Terrebonne 59°b 422 223 25¢ 48¢ 62°
Barataria 792 68° 492 262 38¢ 62¢
Mississippi River

Delta 11° 794 33d gc 624
Breton Sound 79¢ 594 332 8a 62¢
Pontchartrain 794 59°P 35¢ 19¢ 41¢ 62¢

acalibrated from LCA S& T data;

bcalibrated from CRMS data;

dassumed the same as the type in the nearby basin

cassumed equal to CRMS 0

-24 cm average;
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Table 10. An updated look -up table developed from the second CRMS saoil
properties survey . Habitat type s:F- Fresh Marsh, | 1 Intermediate Marsh, B -
Brackish Marsh, S - Saline Marsh. The table was builtto  resemble the look -up
table used forthe 2012 ICM (Table 9) , but using newer data collected in 2014
and 2018 . Due to limited data availability, the fiDeltaic 0 and fOther 6 habitat
types were not included in this table

Basin F I B S Swamp

Bulk Density (g cm -3)

Calcasieu/Sabine 0.09 0.20 0.23 0.54

Mermentau 0.17 0.17 0.25 0.34
Teche/Vermilion 0.20 0.24 0.29 0.07
Atchafalaya 0.25 0.32
Terrebonne 0.09 0.16 0.21 0.31 0.28
Barataria 0.09 0.12 0.21 0.29 0.56
Mississippi River

Delta 0.59 0.49

Breton Sound 0.30 0.27 0.31 0.34
Pontchartrain 0.18 0.16 0.34 0.41 0.35

Organic Matter (%)

Calcasieu/Sabine 62.08 45.67 39.02 16.93

Mermentau 61.04 49 .62 30.64 24.10
Teche/Vermilion 47.22 35.24 30.00 83.13
Atchafalaya 25.99 27.55
Terrebonne 66.09 40.00 39.92 21.22 47.51
Barataria 74.03 57.39 33.88 27.69 21.90
Mississippi River

Delta 10.71 11.68

Breton Sound 33.85 33.51 24.25 20.98

Pontch artrain 32.63 46.64 25.63 19.09 41.35

APPROACH 2: DEVELOP OMAR LOOK-UP TABLE TO APPLY WITH THE IDEAL
MIXING MODEL

Approach 2 calculated OMARsing OM (%), bulk density (BD; g cff), and VARcm yr?). OM and BD
were averagedrom soil cores collected folCRMS in2018 (cores were 24 cm deep, sectioned into six
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4-cm depth increments). Vertical accretion rates were calculated using regression analyses (using
slope of the line and not forced through a zero interceor observed datafrom feldspar marker
horizon plots establishedfrom years2007 through2010 for most sites) at the initiation of the CRMS
sites. OMAR was estimatedccording ta

0006YOD 60 wd'Y Eqg. 1

Some variation inmean OMAR was noted amonbabitat types (Table 11), suggestingthat these
pooled groupings could provide baseline OMARIuesthat could be used as a basis for further
analysis of environmentatonditions as indicatorsof systemstress (see Approach 3, below, for more
discussion on drivers of variation). Accretion data are not collected at flotant sites, therefore those
habitats are not included in this analysis.

Table 11. Organic ma tter (OM), bulk density (BD), vertical accretion (VAR), and

organic matter accumulation rates (OMAR) by habitat type using data from the
second CRMS soil properties survey . Data were collected in 2014 and 2018 . This
information could be applied for a refin ed look -up table approach .

Fresh Intermediate Brackish Saline Swamp

(n=44) (n=95) (n=78) (n=54) (n=40)

Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
oM 0.527 0.264 0.426 0.182 0.338 0.145 0.226 0.102 0.384 0.231
BD 0.186 0.181 0.209 0.136 0.247 0.141 0.336 0.160 0.357 0.238
VAR 1.350 0.750 0.940 0.576 0.970 0.566 1.440 1.172 1.150 0.567
OMAR 0.089 0.051 0.062 0.033 0.063 0.035 0.093 0.086 0.107 0.066

As described in the conceptual moddbr the 2017 ICM Figure 1), the mineral and aganic
contributions to surface elevation change we additiveand used single estimates of OM and BD for
each basin Thisapproach does not account for the highly disparate sg¥facking densities of organic
and mineral matter (the densities at which mined and organic matter tend to accumulate in situ)
Values for BDwere establisheda priori bybasin in the lookup table.

APPLICATION OF THE IDEAL MIXING MODEL

An alternative approach would be to applyé ideal mixing mode(Morris et al., 2016), descrbed
below,that accounts for disparate selfpacking densities of organic and mineral mattewithout
explicitly needing total soil dry BD. Thiould reduce the uncertainty in estimated vertical accretion
due to the large variation in BD among and within b#at types (Table 11). Using this approach, OMAR
calculations (Equation 1) based on CRMS data, |&#dro derived MMAR, and seffacking densities
could be utilized to estimate VAR.
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Stewart et al. (1970) postulated that in soils containing a mixture ofineral and organic matter, a
relationship exists between soil bulk density and organic matter content, essentially that the bulk
volume of such a soil mixtureapproximates to the summed selpacking volumes of the organic and
mineral components. As suchi follows that the bulk densities of pure organic matter (i.e., soilgith
OM = 1) and pure mineral matter (i.e., soilwith OM = 0) are fixedvalues, and the organic and mineral
volumetric components of a mixed soil are additive (Federer et al., 1993aKIhg a mixed soil with dry
weights W and W of organic and inorganic matter with correspondingelf-packing densities of k and
k2, and volumes ¥=Wu/k 1 and M=W/k 2, when the two components are mixed, the resulting bulk
densitywas given by:

60 Eq. 2
The mixture has an OM content of:
00 — Eq. 3
Rearranging and substituting provides estimates of Budensity:
60 — Eq. 4

Equation 2 is knownas the ideal mixing model by Adams (1973) and was applied to wetland soils by
Morris et al (2016). When OM = 0 (pure mineral), Etion 4 reduces to BD = k, and it reduces to BD
= ki when OM =1 (pure organic). As such, coefficients &nd k. are the bulk, selfpacking densities of
pure organic and mineral matter, respectively. These ddtiss, and their corresponding volumes,
include pore space, which is whyikand k. are typically less (much less foriy than the true particle
densities of organic and mineral matter (commonly taken as 1.#420 g cm?3; 2.60-2.65 g cm?3,
respectively; seeNyman et al, 1990) used when calculating % soil volume occupied by mineral
matter, organic matter, and pore spacekitting the ideal mixing model through soil properties data
from soil surveys conducted at CRMS site establishment (2006 to 2008) giveswad for ke and k2 of
0.076 + 0.0009 and 2.106 + 0.06 g cm3, respectively(Figure 9. The k and k2 values obtained from
the CRMSsite establishment surveys were similar to values reported in the literatuobtained from
fitting the model through nationadatasets (k1 = 0.085 to 0.098 g cm3; ko= 1.67 to 1.99 g cm?®
(Holmquist et al., 2018; Morris et al., 2016) These values could be modified by using BD and OM
values from additional soil samples to ensure the seffacking densities used reflect coastal Louisiana
environments not well sampledy CRMS including newly forming deltas. This may be especially
important for the coastal master plan as new sediment diversion projects are expected to increase the
extent of newly emerging deltaic environments.
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Figure 9. Idea | mixing model fit  and self-packing densities from the second CRMS

soil properties survey data. Left: fit of | deal Mixing Model (red line ,r? =0.84 )to
CRMS bulk density and organic matter (OM) data (blue dots) from CRMS soils

survey (n=6412 soil samples collected from 375 CRMS sites) . Right : mean (dots)
and standard errors (horizontal bars) of organic (left) and inorganic (right) self -
packing densities as a function of depth . Dashed vertical lines indicate values
averaged over the entire 24 cm soil core (ki =0.076; k 2 =2.106 ).

Estimates of the selfpacking densities (K and k2) are useful because they allow for baegalculation

of accretion from MMARand OMAR, accounting for density differences between accumulated mineral
and organic matter mass and theorresponding volumetric (and thusertical accretion disparities
between the two. Thus, accretion can be calculated based on MMAR (from d&@ydrg and OMAR (the
subject of this Activity) for wetlandhabitat types (herbaceous and forested) as shown Figure10

without the need toutilize BD values from lookip tables (Tables 9 & 10). Further details and

examples of this approach applied tsample data from coastal Louisiana are provided in Appendix
which also stows that mixing model approach can reliably predict total accretion based on CRMS data
(Figure F2).

Mineral Accumulation Rate » + by Self-Packing Density k, » Mineral Accretion Rate
(g em?yr) (g cm?) (cmyr?)

Vertical
Accretion
(cm yr?)

Organic Accumulation Rate » + by Self-Packing Density k, » Organic Accretion Rate .
(gcm?yr?) (gcm?) {cmyr?)

Figure 10. Proposed calculation of total vertical accretion rate for the Integrated
Compartment Model used for the 2023 Coastal Master Plan.

2023 COASTAL MASTER PLAN. ICM -Wetlands, Vegetation, and Soils Model
Improvement Report 48



The issue in the 2017 ICM that vertical accretion was zero when no mineral sediment deposition
occurredcan also be addressed with this approach. Asineral accretion and organic accretion are
additive (Figure 10),vertical accretionshould still occur even when MMAR is zeas calculated by the
ICM The 2023 ICM should remove the inundation requirement for OMAR. Note, however, that the
ideal mixing model only applies for areas covered by emergent vegetatsrd bareground and
changes in eleyation due to mineral sediment deposition in opewater areasshould be handled
separately.

APPROACH 3: UTILIZE R EGRESSION ANALYSES FROM CRMS DATA TO QUANTIFY
OMAR-INUNDATION RESPONSE FUNCTIONS

An exploratory analysis of CRMS data was suggested to testrédationships between OMAR and %
time floodedat various CRMS sitesAlthough most communities demonstrated a negative
relationship, nitial results did not show a strong governing effect of inundatiaturation on OMAR
(Figurel1). This finding was somewhat unexpectediven thata number of studies have quantified
strong inverse relationships between inundatioduration and belowground biomass/production with
field studies (Kirwan & Guntenspergn, 2015; Schile et al., 2017; Snedden et al., 2015; Voss et al.,
2013; Watson et al., 2017)and laboratoryand mesocosm approachegNaidoo et al., 199; Pezeshki
& DelLaune, 1996; Spalding & Hester, 2007; Visser & Sandy, 2009)
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Figure 11. Organic matter accumulation rates (OMAR) for eleven vegetation
communities in relationto mean annual time flooded . Inundation /time f looded is
calculated as a percentage based on years 2010 through 2017 ; red dots indicate
CRMS sites in the Deltaic Plain, and blue dots indicate CRMS sites in the Chenier

Plain; dashed lines indicate 95% confidence intervals . All available data was
used. Eleven vegetation communities are dominated by the following indicator

species: Maidencane =  Panicum hemitomon , Three square = Schoenoplectus
americanus , Roseau cane = Phragmites australis , Pasaplum = Paspalum
vaginatum , Wiregrass = Spartina patens , Bullton gue = Sagittaria lancifolia ,
Needlerush = Juncus roemerianus , Bulrush = Bolboschoenus robustus
Oystergrass = Spartina alterniflora , Saltgrass = Distichilis spicata , and Brackish
mix = none . Communities are defined following Snedden ( 2019) .

It is possiblethat there exists no strong effect of inundatiowluration on OMAR in Louisiana coastal
marshes This lack of correspondence could occur if, for example, even though belowground
production was inhibited by inundation stress, the effect was offset due to aamrent inhibition of
decomposition. Currently this issue is largely unresolved, with some studies showing such inhibitory
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impacts of inundation to decompositiofAcharya, 1935; Day & Megonigal,993; Tate, 1979; Tenney
& Waksman, 1930)and others showing no clear effecBlum, 1993; Hackney, 1987; Hackery & De
La Cruz, 1980; Janousek et al., 2017; Stagg et al., 2017Kirwan et al.(2013) put forth that organic
matter decomposition in semsaturated wetland soils is not strongly regulated by elevated
hydroperiods.

Another possible explanation for the lack of correspondence between inundation duration and OMAR
is that there may be other controlling variables that regulate OMAR that are either unmeasured or not
included in the regression model. This nath is supported by conflicting results between
mesocosm/marsh organ studies versus field (in situ) studies examining inundatibiomass relations.
Mesocosm and marsh organ studieée.g., Kirwan & Guntenspergen, 2015; Snedden et al., 2015;
Visser & Sandy, 2009; Watson et al., 2017an isolate the inundation effect while haling other
variables constant and have consistently identified high inundation duration driving reduced
belowground production. In contrast, an in situ field study designed to quantify inundation effects at
CRMS sites spanning tens to hundreds of k(stagg et al., 2016)found no inundation effect, possibly
due to the presence of other, unmeasured variables driving production (e.g., nutrienttgt varied

across the landscapeYet another possible explanation for the high degree of residual OMAR variation
may be that substantial amounts of organic matter in the soil profile are the result of allochthonous
import from other locations during eitkr routine (e.g., cold front passage) or punctuated (e.qg.,
hurricane storm surge) transport eventgMariotti et al., 2020).

Finally, it is also possible that no significant trends were identified due to the high degree of variability
in the OMAR data. Gen that OMAR = BD x OM x VAR, the variability of each of the terms can be
examined in attempt to identify the source of the OMAR variation. As BD and OM are inversely related
(see discussion of the ideal mixing model above), one would expect that theirdarot, organic matter
density, would exhibit relatively similar values across the suite of CRMS sites used in the analysis.
Indeed, nearly 70% of the311 sites where organic mattedensitywas quantified exhibit values

between 0.05 and 0.07 g cn® (Figure12, left). This finding suggests that the variation in OMAR arises
from the remaining term, VAR, which was supported by the fact that 25% of the sites exhibit rates
below 0.6 cm yit, while 25% of the sites exhibitates that are twice as high (>1.31 cm vk, Figure12,
right).
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Figure 12. Distribution of organic matter density (left) and vertical accretion
rates (right) for the 311 CRMS sites examine d in preliminary analysis.

It is possible that the variation in VAR is real (i.e., the spatial decorrelation length in the field is small)
or that it arises from measurement error associated with the method itself. Given that VAR is
calculated as the slopeof the regression line that fits depth to marker horizon to time elapsed since
marker horizon deployment, the?rvalues of those regressions were examined to determine if there
were sites with anomalously low?rvalues that could indicate that the accretin rates derived from

them may be unreliable. The histogram of th&l1 r2 values indicates a bimodal distribution exists

with a break around = 0.5, with approximately 20% of the stations exhibiting walues below 0.5

(Figure13).
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Figure 13. Distribution of the coefficient of determination (r 2) from 311 CRMS

sites examined for a preliminary analysis.
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Another contributing factor to the variability in the OMARundation response functims by vegetation
community Figure1ll) may be the manner in which sites were classified to community type in the
preliminary analysis shown above. For that analysis, sites were assigned a community type based on
howthey were classified in the most recent year of the dataset, 2018. However, many of these sites
are not static through time with respect to community typ&able 12indicates how many sites were
classified to the same community type for varying number péars in the nineyear dataset.

Table 12. The number of CRMS sites that were consistently classified in each
community type. See Figure 4 for indicator species of these community types.

Communities here are defined following Snedden (2019).

Community Number of years in 9 -year dataset (2010 -2018) site
Type was consistently classified

9 8 7 6 5 4
Maiden Cane 14 19 20 22 25 26
Three -square 2 4 6 9 15 18
Roseau Cane 0 1 1 2 5 7
Paspalum 3 4 5 5 8 9
Wiregrass 65 83 97 109 119 125
Bulltongue 33 46 50 58 62 63
Needlerush 2 5 6 6 7 7
Bulrush 0 0 1 3 4 4
Brackish Mix 4 6 11 14 19 20
Oyster Grass 26 31 35 35 40 40
Saltgrass 0 1 2 2 6 6
Total 149 200 234 265 310 325

The team explored whetheOMARInundation response functionsy vegetationcommunitytype could
be improvedby including only sites that were consistently classified to the same community type in
the majority of years observed (e.g., sevar more of thenine years in the datase}. Forested wetlands
also neeced to be added to this data set. Thusthe data set was refinedo include (1) only sites where
r2 values for vertical accretion regressions exceed 0.5 and (2) only sites that were consistently
classified to the same community type at leastevenof the nine years n the dataset, with the
understanding that these two measures, while modestly decreasing sample size, may reduce some of
the variation in the dataset and provide clearer OMARundation response functionsResults indicate
that the refined data set(n = 125 CRMS sitesiid not have less variation and that the environmental
drivers still did not significantly account for the OMAR variatigfigure 14). Thus,given the finding that
neither of these criteria appreciably increased the fit of the OMAR/inundatiogegressions by
community type, theanalysisof the original dataset with311 CRMSsites (Table11) is recommended
for estimates of OMAR per habitat type.
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Figure 14. Organic matter accumulation rates (OMAR) for eleven vegetation

types in relation to mean annual time flooded . Inundation is calculated as a
percentage, based on data from 2010 through 2017 ; dashed lines indicate 95%

confidence intervals ;s amples restricted to reduced dataset. Eleven vegeta tion
communities are dominated by the following indicator species: Maidencane =

Panicum hemitomon , Three square = Schoenoplectus americanus , Roseau cane =
Phragmites australis , Pasaplum = Paspalum vaginatum , Wiregrass = Spartina
patens , Bulltongue =  Sagitt aria lancifolia , Needlerush = Juncus roemerianus
Bulrush = Bolboschoenus robustus , Oystergrass =  Spartina alterniflora , Saltgrass
= Distichilis spicata , and Brackish mix = none . Communities are defined

following Snedden (2019).
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APPROACH 4: DERIVE OMAR -INUNDATION RESPONSE FUNCTIONS FROM
PREVIOUSLY PUBLISHED IN SITU OR LABORATORY MESOCOSM STUDIES

In situ mesocosms ér marsh organ experiments) have been used to explore the effect of varying
hydroperiod or salinity on vegetation and soildanousek et al., 2016; Kirwar& Guntenspergen,

2015; Langley et al., 2013; Morris et al., 2013; Mozdzer et al., 2016; Peng et al., 2018; Snedden et
al., 2015; Watson et al., 2015, 2017; Wigand et al., 2016)While these studies typically id not
examine OMAR directly, variatian belowground biomass across elevation and inundation gradients
was commonly measured. Examining these studies and making assumpticaisout the relationship
betweenbelowground productiorand OMAR could provida foundation for assessing relationships
with OMARand environmental stressors like inundation. Information and functions were synthesized
from in situ mesocosm studies to examine trends in vegetation and soils ress@to salinity and
inundation. For example, findingdrom Visser and Sandy (2009) are cooborated by findings of
Snedden et al. (2015) forS. patensand S. alterniflora(Figure 15 top panels), and findings from other
mesocosm studies(Watson et al., 2017; Kirwan & Guntensperger2015) are also consistent for
those species Figure 15 bottom panels).
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Figure 15. Comparison of mesocosm findings  for biomass relative to inundation.
Results from Snedden et al. (2015) are shown in orange; results from previous
mesocosm experiments for S. alterniflora  (left) and S. patens (right), fit with
exponential regressions  (belowground biomass = Ae 2 *where A is the intercept

term, a is the decay coefficient in the regression
flooded ) are shown in blue . Note that belowground biomass was reported in units
of g m -2 for Snedden, Watson, and Kirwan and Guntenspergen and in units ofg

for Visser and Sandy
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After accounting for intercept differences, which may be attributable to differences in initial planting
protocols or geographic differences in climate (e.g., temperature), biomasgndation response
functions for S. alternilora and S. patensobserved in Snedden et al. (2015) are remarkably similar to
those put forth by Watson et al. (2017) and Kirwan and Guntenspergen (2015), respectivédtyollows
that fitting exponential regressions through the belowground biomass respganfor Sagittaria

lancifolia and P. hemitomonobserved in Visser and Sandy (2009) may, with reasonable accuracy,
describe the belowground inundation biomass response for those taxa as ww¥lisser and Sandy
(2009) observedmodest decreases in belowgroundibmass with increasing inundation fos.
lancifolia, and no significant relationship was found between the two variables fér hemitomonin
potted containers(Figure 16). The lack of significant relationship between inundation and biomass for
P. hemitomonwas interpreted as that taxon being unaffected by inundatiothis lack of flooding effect
on production has been observed in other investigatior{s.g., Visser & Petersorf015; Willis &

Hester, 2004).

S. lancifolia P. hemitomon
10 25 ,

£5=0.010 r-=0.12; p >> 0.0§
— r2 _ — 20 L
o =0.96 ) .
3 2 15-\
[4v] 5 o °
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Figure 16. Exponential regressions fit through belowground biomass response of
Sagittaria lancifolia  and Panicum hemitomon  observed by Visser and Sandy
(2009).

It was further assumed that the meanbelowgroundnet annual primary productivityNAPP g nm? yr?)

by marsh type (intermediate = 679; brackish = 5,609; saline = 4,593) (Stagg et al., 2016,Figure

17) are reflective of the average inundation conditiaobserved at thoseCRMSsites and that they

will be observed when the % time flooded corresponds to those average inundation conditions
(intermediate = 66%; brackish = 51%; saline = 54%lt is important to note that these average
inundation conditions ae derived from field data and that the average inundation produced for
current conditions by the ICM may differ.yBmarsh type baseline NAPP ratesvere setto the
corresponding mean % time flooded valuds solve for the intercept termAin the exponentid
equation NAPP = Agxwherea wasthe decay coefficient observed in Snedden et al. (2015) f&.
patens (-0.045 g m? yrl) and S. alterniflora(-0.025 g m? yrl) or obtained in an exponential regression
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from Visser and Sandy (2009jor S. lancifolia (-0.01 g m? yr1). In short, this procedure produces
belowground NAPP responses @btime flooded that are informed by experimentation, under the
assumption that biomass and NAPP are linearly relatefigure 18). Because Visser and Sandy (2009)
found no relaton between belowground biomass anéo time floodedfor P. hemitomon it was

assumed NAPP was constant across the inundation gradient and OMAR for fresh marshes was taken
as the mean OMAR observed acro$eesh marsh sites Becausethere were noconclusive stidies

linking OMAR to inundation variability in swamp settings, OMAR for swamjas also taken as the

mean OMAR observed across swamp sites.

Using these assumptions and regressions, the approach of Morris et al. (201€s followed where

only the refractay component, taken as 10% of NAPRias assumed to contribute to vertical accretion
over the long term Thus, all NAPP values are multiplied by 0.1 to obtain the annual refractory organic
matter input to the soil profile This 10% assumption could be furtér tested and adjusted during ICM
calibration. The resulting refractory OMARalues can then be divided by the selpacking density of
organic matter (0.076 g cn®) to estimate the organicallyderived VAR (Figure 9 anéigurel0).
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Figure 17. Mean belowground Net Annual Primary Production for fresh ( Panicum
hemitomon ), intermediate (  Sagittaria lancifolia ), brackish ( Spartina patens ), and
saline ( Spartina alterniflora ) marshes in coastal Loui  siana, taken from Stagg et

al. (2016).
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Figure 18. Belowground Net Annual Primary Production (NAPP) rates as a
function of inundation duration . Rates were obtained by applying exponential
regression decay parameters observed unde r Visser and Sandy (2009; Sagittaria
lancifolia ) and Snedden et al. (2015; Spartina patens , Spartina alterniflora ).
Note that Panicum hemitomon is not shown as that regression was not

significant . The red dot in each regression represents the average below ground
NAPP rate observed by Stagg et al. (2016), set at corresponding mean

inundation rates for each marsh type

Themean belowground NAPP value f&. patensobserved by Stagg et al. (2016)f around 5,000 g
m-2 yrl can be translated into an organic accetion rate (Table 13) and comparel with typical observed
values in coastal LouisianaConverting 5,000 g n? yr! to cm? gives 0.5 g cn® yrl. Keeping only the
refractory component gives 0.05 g crayrl. Dividing 0.05 g cn? yrl by 0.076 g cm? (the self-packing
density of organic matteior ki (Figure10) gives 0.66 cm yft. Applying the ideal mixing model to an
existing marsh soil core dataset collected across Breton Sound, IShédden, 2021;n=25) indicates
the mean organicallyderived VARacross the basinwas0.61 cm yr! (Figure 19, which compares well
with applying the method described aboveén addition, other coastal Louisiana marsh studies have
shown a range of37Cs 0r?210Ph based accretion rates of 0.70 1.4 cm yr! (DeLaune et al., 2018;
Nyman et al., 1993, 2006) Mean accretion raes of 0.6 to 0.8 cm yr* based on137Cs radionuclide
activity were also observed across fresh to saline marshes in Barataria Ba@itatton et al., 1983)
Accretion rates measured at the same CRMS sites abserved for theStagg et al.(2016) study
(Figurel7) suggest mean accretion rates of 0.5 to 0.6 cm yrbased on'37Cs or?10Pb radionuclide
dating (Baustian et al., In reviewand are near the accretion values estimated by this proposed
approach. Comparinghis approach to'37Cs or219Pb based accretion rates can be relevant for 50
year simulations conducted for master plan analysis. Additionally, OMAR modeled with this approach
using observed CRMS inundation rates (2012017 averaged across all years) as ingts produce
similar distributions to CRMS observed OMARigure 20). Future modeling improvements should
evaluate the use of shorterm and longterm accretion rates for representation of annual time steps
and 50-year estimates of OMAR.

2023 COASTAL MASTER PLAN. ICM -Wetlands, Vegetation, and Soils Model
Improvement Report 59



Table 13. Organic matter accretion estimates based on mesocosm experiments

that measured belowground production ( BGP, from Stagg etal. , 2016) and
inundation stress (> 50%) . These formulas could be utilized for a refined look -up
table that include s inundation response
Habitat Organic Matter Accretion (cm yr -1)
Type Formula Reference
Fresh Not applicable i use values from OMAR Visser and Sandy
look -up table with ideal mixing model 2009
Intermediate =[0.120* ( 0.8887*exp( -0.010*%fld])]/k 1 Visser and Sandy
2009
Brackish =[0.10* ( 6.371 *exp( -0.045*%fld)]/k1 Snedden et al. 2015
Saline =[0.20* (1.772 *exp( -0.025*%fld)]/k1 Snedden et al. 2015
Delta Not applicable 7 use values from Approach  NA
2
Swamp Not applicable i use values from Approach NA
2
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Figure 19. Organic and mineral contributions to the vertical accretion rate
Contributions were  obtained by applying the ideal mixing model to 25 cores
collected across Breton Sound B asin in 2008 -2013 (Snedden , 2021 ).
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Figure 20. Distribution

of observed versus modeled organic matter accumulation rates

. Results are shown for ~ Sagittaria lancifolia
(brackish marsh), and Spartina a lterniflora
are from feldspar marker horizons.
-2018, was used as the model input

(OMAR) and organic accretion rates
(intermediate marsh), Spartina patens
(saline marsh). Observed organic accretion rates
Observed average inundation at CRMS sites, 2010
data .
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MODEL IMPROVEMENT TE STING

Model tests (GO0Z, G024, and GOX) were conduted and compared to a run with the 2017 ICM (G400)
that included all the projects included in the 2017 Coastal Master Plan assess how the proposed
approaches wouldnfluence ICM results In the 2017 ICM, aganic matter accretion is added to mineral
matter accretion, whichoccursin areas wherewetlands are flooded. Organic matter and mineral matter
accretion are added together in ICN¥orph, and together they impact the elevation of the marsh platform
inundation depth,and thusland loss for norfresh marshes (Table2). Model tests included the following
(see AppendixG for details):

1 GO027: Test Approach 2 that utilizd the OMARook-up table based on2018 CRMSsaoil
surveydata and longerterm vertical accretionwith the ideal nixing model by habitat type.

1 G024: Test Approach 4 that used belowground production estimates that were adjusted
to reflect inundationduration stress (e.g., % time flooded) to estimate OMA#® habitat
type, after which the ideal mixing model was appligd translate mass accumulation
rates to organicaccretion.

1 GO026: Testfeasibility of Approach 4 by assessing theharacteristicsof inundation
duration conditions by habitat type.

Themethod for modeling accretion irthe 2012 and 2017 predictive modelsusesa look-up table that
requires BD valuesto be determined a priori bypbasin/habitat types. h situations where the relative
contributions of mineral and organic matter accumulationan change over time while thevegetation
classification remains stati¢ a single BDby type by basirmay be unresponsive to these temporal
variations. For example, n situations where diversion operations change the marsh classification from
brackish to fresh, theBD values under G400 actually decrease, as loalp table valies for fresh marshes
come from fresh peat marshes in the upper reaches of the basfnote that the 2017 ICM does not utilize
the Deltaic category identified imfable 10for the 2012 Coastal Master Plan)In reality,BD should
increasein this situation dueto increased input of mineral materialBecauseBD values are low for fresh
marshes in Barataria and BretorBasins (0.05 g cm3) under the G400 model test run(Appendix F)the
volumetric leverageis inflated and accretion is overestimatedAtransition to BD valuesnearly an order of
magnitude higherin fresh marshesin deltaic settings and diversion outfall areas has been observed at
CRMS3169 Figure 21), which is situated in the immediate outfall of the Davis Pond freshwater diversion.
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Figure 21. Bulk density profiles at CRMS3169 . Data from 2008 is shown in blue, and

data from 2018 isin red. CRMS3169 is in the immediate vicinity of the Davis Pond
diversion outfall.

The ideal mixing modehpproach proposed hereeliminates the need to designatea value for BD as it
solves for it through an equation based on theverall physical relationship between organic matter
content and mineral matter contentin soils at CRMS siteghat uses the relative contributions of mineral
and organic mass accumulation rates as input variabled he accretion response ingas dominated by
mineral matteraccumulation, particularly (but not restricted to) those areas where mineral matter is
increasing from initial conditions through time (e.g., diveons), will be overestimated using the 201TCM
approach. Thus, when comparing approaches utilizing the ideal mixing modd)Z@ G024 model test

runs) vs G400, fluviallydominated regions such as deltas and diversion receiving areas should show less
accretion with the @27/G 024 approach than with the2017 Coastal Master Planapproach,as shownon
difference mapsthat compare the test runs to G400 (see Appendix G)

It was hypothesized that land area at the end of the model run for G024 would be less thhaattfor either
G400 or G027,as this model approach is sensitive to inundatigrwhich one would expect to increase due
to subsidence and eustatic sea level rise (0.63 m) fahese 50-yearmodel runs. However, G024 showed
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the greatest overall land area athe end of the model run (despite théoweraccretion in deltaic/diversion
receiving areas relative to G400 described above). This outcome is likely a result of the low inundation
durations produced by ICMHydro compared to those observed in the CRMS datas@/ith G026 output
indicating that 40% of the model domain exhibits inundation rates under 15%, much of the model domain
would exhibit organic accretion ratesauch higher than current field observationsas the belowground
productionrates in this approad drive organic accretionwould all fall on the far left of the inundation
production curves for intermediate, brackish, and saline marsh classificat®fFigure 18).

RECOMMENDATION AND N EXT STEPS

A revised approach was recommendealy the teamto simulate VARin the ICM for the 2023 Coastal
Master Plan. This revised approach utilizghe ideal mixing model to derive the additive mineral and
organic components of vertical accretion from mineral and organic matter mass accumulation rates.
Mineral mass accumtuation rates will be provided by ICMlydroand ICMMorph, and OMARwill be
determined as described abovédor Approach 2 Selfpacking densities, derived from CRMS data, will be
used to convert accumulation to accretion.

Given that an approach rooted in th&eal mixing model gets around some of the issues related to BD
estimation presented by the 2017 ICM, two options were explored with test runs: (1) utilizing a lapk
table approach forQorg (OMAR), to be used as input data in conjunction wifeds (MMAR data provided by
ICMHydro (G027); and (2) utilizing an approach in whicrg is sensitive to inundation for certain marsh
classifications (G024). Considering that model runs will include 50 years of relatisea level rise,the team
concludedit would be useful to incorporate inundation effects on organic matter accretion into the model.
However, given the lack of strong correspondence between observed inundation durations at CRMS sites
and those output from ICMHydro, inundation duration should not beonsidered as a driving factor at this
time (Appendix G)The apparentunderestimationof inundation duration in ICMHydrocould be due to
several factors Inundation duration results from the interaction of water surface elevation with marsh
elevation, so the quality of the digital elevation model that represents marsh elevation in the model
domain could be a cause. A new digital elevation model is being developed to initialize the ICM for 2023
Coastal Master Plan anagxamining intersecting marsh elevatiorsurvey points in the CRMS database with
their correspondingpoints on the DEM would be a useful way of exploring th&t addition, the
compartments within ICMHydro have been refined and additional detail on the nature of hydrologic links
between compartments has been included, which may result in further improvements in inundation
duration calculations

Asinundation output from ICMHydroimproves in the future the prospect of utilizingApproach 3, as tested
in G024, to account for inundationinfluences on organic accretion appeas promising. Using observed
CRMS inundation as inputs, modeled OMAR by marsh classification matcthe observed OMARvell
(Figure 20). The distribution of the observed and modeled edian values compard well (given the log
normal qualities of the distribution, comparing mean values isappropriate). The actual nedian values for
observedSpartina patensand Spartina alternifloraOMAR do differ from their modeled counterparts by
roughly 30% however, these differencesmayimproveas the model is improved for use in the 2023
Coastal Master Planlt is important to note that belowground production rates were multiplied by 0.1 to
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estimate the refractory component of soil organic matter that is retained for soil development. This alu
was based on the value reported by Morris et al. (2016), bthe refractory portion of soil organic matter
may vary based on the taxa involved and also ggographiclocation. The team recommends dahorough
literature review be conducted to determine the 0.1 factor is appropriate for these taxand soil
conditionsin coastal Louisiana. Future iterations of th&CMcould also be better informed by marsh
mesocosmstudies that not only examine belowground productidiut also decompositionand OMAR

Takingthe above considerations into accounthe team recommends that:

1. The ideal mixing model should serve as the foundation for converting mass
accumulation rates into vertical accretion rates, usin@sed (MMAR)produced by ICM
Hydroand Qrg (OMAR) obtainedrbm a marsh classification lookup table as inputs
(e.g.,Table11). This approach should be theath forward for modeling organic
matter accumulation and organic and mineral components of vertical accretiontime
2023 ICM

2. The GO approach, or another approach that considers inundation duration
influences on OMAR, should be implemented if inundation outputs from IEWdro
are well validated. Efforts should be made to ensure that refractory organic soil
components are appropriatedr the taxa modeled in in the ICM in coastal Louisiana.

2.3 ACTIVITY 3 : COORDINATE WITH ICM - INTEGRATION AND CO DING
TEAM ON DEVELOPMENT OF UNSTRUCTURED GRID FOR ICM -
LAVEGMOD

ISSUE

For the 2017 Coastal Master Plan, ICMAVegModised agrid of 500 m x 500 m boxes to divide the
landscape. This partitioning of space required extensive computation to rescale data from bi@@MMorph
and ICMHydra ICMMorph operated at a 30m x 30 m spatial resolution that had to be aggregated up to
the 500 m x 500 m resolution usedby ICMLAVegMod ThelCMHydrosubroutine used an irregular mesh
of compartments that ranged in size from 0.5 krhto more than 100 kn®. Having to rescale from two
different spatial resolutions to the 500m x 500 m resolution used byCMLAVegModequired a
substantial amount of computation. Typically, the overall ICM used more time converting data between
scalesthan the time required to complete the computations to updattCMLAVegModThis activity
focused onconsideration ofredrawing the boxes of thdCMLAVegModyrid so that the 2023 ICM is more
computationally efficient.

BACKGROUND

The goal for the 2023 ICMs to attempt to remove the substantial computation overhead required to
support ICMLAVegMody adjusting model grids so that ICMLAVegModoxes nest cleanly withinlICM
Hydro compartments and the 30m x 30 m ICMMorph cells nest cleardy within ICMLAVegMod cellsAn
additional goal is to eliminate vegetation cells from the areas of the domain where wetland vegetation is
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not expected to change. & example, those areas of the domain could include deep areas (e.g., greater
than 5 m water depth) found in the Gulf of Mexico and high upland areas (e.g., greater than 5 m elevation).
These inactive vegetation boxes are computationally intensive and shebbe reduced or eliminated in the
2023 ICM.

APPROACHES/METHODS

It was proposed thatICMLAVegModoxesbe defined viastrict subdivision of CMHydro compartments
(after refinement for the 2023 ICM). Strict subdivision means that each box will be locatecompletely
within a single compartment. In addition to being nested with the compartmentswas proposed that,
where possible, thd CMLAVegModoundaries used to subdivide a compartment be coincident with the
boundaries of thelCMMorph cells. The goawasto ensure that cells nest within the proposed boxes.

A draft calculation indicates that eachCMLAVegModox will be composed of a grid of 23 x 2BCMMorph
cells (23 * 23 =529 cells* 900 m 2/box = 476,100 m2 = 0.4761 km?2). A draft calculation ndicates that
subdividing thecompartmentsinto ~0.5 km?2 sub-boxes resuls in each compartment being divided into 59
sub-elements (on average) and yieldg a total of 47,302 boxes. This numbewas an overestimate since it
does not exclude some of the lgyer ICMHydrocompartmentsfrom the 2017 ICMthat cover the upper
AtchafalayaBasin. There are two scenarios regarding the way tkpatial units for ICMHydrg ICMMorph,
and ICMLAVegModnteract. In the simpler of the two scenarios,mICMLAVegModoxwas a square 690
m on a side with an area of 0.4761 krd and was completely contained within a singliCMHydro
compartment In this scenario, the CMLAVegModox contains 5291CMMorph cells that are perfectly
nested within the vegetation boxFigure22 illustrates the second scenario where a 0.4761 kihbox
intersects the boundary between twdéCMHydro compartments. The boundary between twoompartments
is shown as a thick gray line. Note that at the scale of the illustration, only a portion o tompartmentis
viewable. The 30x 30 m mesh ofICMMorphis shown as thin black lines. TwWdCMLAVegModoxes are
shown, one outlined in red and the other outlined in blue. The red bigentirely nested within the lower
left ICMHydrocompartmentwhile the blue boxis nested entirely within the upper rightCMHydro
compartment ThelCMMorph cells to be associated with the red box are shaded red while those to be
associated with the blue box are shaded blue. The left and bottom (western and soutt)edboundaries of
the red boxare coincident with thelCMMorph mesh. Similarly, the right and top (eastern and northern)
boundaries of the blue box are coincident with thieEMMorph mesh
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Figure 22. Relationship between ICM-Hydro compartments , ICM -Morph cells, and the
proposed ICM -LAVegMod boxes. The grey line shows the boundary of an ICM -Hydro
compartment; ICM-Morph cells are shown as blue and red shaded pixels ; and

proposed ICM-LAVegMod box boundaries are shown with dark er blue and red lines.

Note that somelCMMorph cells intersect the boundary ol CMHydrocompartmentsand are associated
with two differentcompartments Therewere several approaches to dealing with these kinds aklls. The
simplest approachwasto associate eachcell with exactly onecompartmentwith which it has the greatest
area of intersection.This approach requiresCMHydroinformation to be assigned to the corredbox
Assigningcells in this way simplifes the aggregation of values (eletion, land/water, etc) from the ICM
Morph to the ICMLAVegModioxes. A more accurate approach would be to weight &8£MMorph cell's
contribution based on the area of intersection. However, this can be computationally expensive. The
proposed approach wilintroduce a degree of potential error. However, the errizrexpected to be small
overallrelative to other sources of uncertainty in theCMLAVegModramework. The increased potential
error introducedis traded against reduced computational complexitgnd ICM run time.

This approach may produce somkECMLAVegModoxes that are smaller than 0.4761 krd, which should
not be a problemfrom the perspective o CMLAVegModHowever, itis possible that ths approach will
produce some boxes that are "slivers'f a box has an area less than 0.25 k# then itis suggested to be
merged with an adjoining box located within the same enclosiegmpartment
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RECOMMENDATIONS AND NEXT STEPS

Thisunstructured gridapproachwas compatible with thegrid changes beingmade to ICMHydroand ICM
Morph for the 2023 ICM. The team concluded thathe proposed changes to the grid auld likely simplify

the rescalingICMHydro and ICMMorph data to a spatial resolution thats compatible withICMLAVegMod
that likely will resultin faster run times.Next steps are to test this new configuration. The work by IEM
Integration and Coding Team will continu® evaluate the feasibility of implementing possible

unstructured grid improvementsAnadditional approach to consider includegxamining computational
efficiency if the ICM_LAVegMod domain is restricted to areas only where wetland vegetation is expected to
change.

2.4 ACTIVITY 4A: EXPLORE AND RECOMMEND OPTIO NS TO IMPROVE
FLOTANT MARSH ALGORI THMS

ISSUE

In the 2017 ICM flotant marsh isless dynamic than other wetland habitat typesthe 2017 ICM results
showed thatflotant marshes persisted in areagvenas salinity increased. Thisvas most likely the result
of miscommunication between thdCMLAVegModand ICMMorph. At the initial condiion, there was no
crosscheck between areas identified as flotant ithe initial land/flotant/water map used by thelCM
Morph subroutine and areas dominated by potential flotant species IEMLAVegModAs a result, areas
identified as flotantin the exsting conditions land/flotant/water mapwhere no flotant species were
presentin the existing conditions vegetation mapemained unchanged over the 5§ear model run while
areas mapped as flotantthat had flotant species presenin the existing conditionsvegetation map
functioned as intended with flotant converting t@pen water as time progressedThis activity focused on
improving the communication between theCMLAVegMod and ICNVorph.

BACKGROUND

Flotantis defined here as marsh permanentlyunderlain by an open water layethat moves up and down
as water levels change. Other floating marsh types identified 8gsser et al.(1996) expand ard contract
with changing water levels and experience inundatioBasser et al.(1996) noted that flotant dominated
by Panicum hemitomon (knownas thick mat)and Eleocharis baldwinii (known as thin mat)are the only
dominant species that occur on mats floating on top of a water laydthe 2017 ICMassumed that no
other species can establish as dominants if environmental conditions move away fridmse tolerated by
P. hemitomonand E. baldwinii This should have led to the demise of flotant as salinity increased over
time.
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APPROACHES/METHODS

IMPROVE FLOTANT REPRESENTATION IN THE EX ISTING CONDITIONS VE GETATION
MAP

To determine the initial conditin of flotant, two mapswere prepared. The first onavas a dominant

species map thatwas used inICMLAVegModsee Activity 5). The seconaias a map that indicates the
probability of flotant occurringPossible flotant areascan bedelineated using a seris of remotely sensed
indices, the Normalized Difference Vegetation Index (NDVI) and the modified Normalized Difference Water
Index (MNDWI)The NDV(Carlson & Ripley, 1997)s an estimate of gimary production, and the mNDW§
used to map the land/water interface(Xu, 2006). The intraannual variability in all cloudree images

during year 2018 with respect to these two indices was examinefites with variable values with respect

to these indicesare more likely to contain either floating aquatic vegetation species or flotant marsh
spedes in coastal Louisiana (Couvillion, personal observation). The combination of the potential of floating
vegetation and knowledge of which species are dominant in the area can then be used to determine the
area of flotant marsh.

The area of flotantwas determined by the following rules to be applied in the order they dlisted:

1. Panicum hemitomon(maidencane) orEleocharis baldwinii(spikerush) occurring in
areas that are not fresh marsh should be classified dsaregroundland to allow the
model to establsh the appropriate norfresh species.Eleocharisspp. are not easily
separated into the individual species andt. baldwiniiis easily confused withE.
parvula, which is common in nodresh areas of the coast, but not one of the
modeled species. Classifyimthese areas as bareground will allow the IGCMAVegMod
to allow establishment of the appropriate species in the first year.

2. Potentially floating marshin areas that do NOT contair?. hemitomonor E. baldwinii
should be classified adand with the nonflotant species that dominates it.

3. Remainingpotentially floating marshareas dominated byE. baldwiniishould be
classified as ELBA2_Flt

4. Remainingpotentially floating marshareas dominated byP. hemitomonshould be
classified as PAHE2_FIt

5. Remainingareas of attached marshdominated byP. hemitomonshould be classified
as PAHE?2

REVISIT TRANSITION/LOSS MECHANISMS USED IN THE ICM

Floating mats inP. hemitomonmarshes are thickerthan E. baldwiniifloating marshes Sasser et al. (1996)
notes these are ~50cm thick and available data from CRMS stations indicates that mat thicknessin
hemitomondominated marshes varied from 30 cm to > 2 m at site establishmen€onsistent with the
concept of gradual transition (see Activity 1hese matsshould beassumed to suwive at least one year
following vegetation mortalitypefore the peat deterioratesusing the land cover type obareground_flt If
conditions allow for flotant marsh to reestablish the next year, these flotant remain as flotanE{gure 23).
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If the bareground_fltis not colonized by the following year (no new roots with aerenchyma to provide
buoyancy)then the mat disintegrates or sinks and the area converts topen water This open wateiis
assumed to be 1 m deep based on thebservations ofdepth to consdidated sediment under flotant at
CRMS flotant sitesBareground_fltisconsidered flotant and follows thdCMMorph rules that no organic
matter and mineralsediment depositionaccumulates.

E. baldwinii

Year t P. hemitormon
Flotant Flotant
(thick mat) (thin mat)

LAVegMod determines how much flotant remains (mortality and reestablishment)

E. baldwinii

Year t+1 F. hemitormon Bareground
Flotant Flotant Sl
LAVegMod determineshow much
gets colonized by flotant species
(establishment)
Communicate to ICM-Morph
that Flotant converted to
R g Open Water of 1 m dee
Year t+2 P. hemitormon E. baldwinii Open Water P P
Flotant Flotant
Figure 23. Proposed transitio ns among flotant thick and thin mats in ICM-LAVegMod .

In contrast, Sasser et al. (1996) observed that flotant dominated t&. baldwiniiwere <30 cm thick.
Consequently, whenCMLAVegModietermines that the conditions are unsuitable foE. baldwiniito
persist and no flotant species can establish, the area converts tpen water

RECOMMENDATIONS AND NEXT STEPS

The team recommends pdating the existingconditions vegetationmap based on suggested ordered rules
to improve representation of flotant on the ladscape and to improve communication betweelCM
LAVegMod and ICMorph subroutines and updateICMLAVegMod code to accommodate the flotant
types and transitions outlined in Figure 23.
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2.5 ACTIVITY 4B: EXPLORE AND RECOMMEND OPTIO NS TO IMPROVE
FORESTED WETLAND ALGORITHMS

ISSUE

In the 2017 ICMoutput, areas of forested wetlands tended to convert to marshesore rapidly than
observed in the field This is likely because the ICMydrounderpredicted water level variability compared
to CRMS observations becausef large compartments and lack of windhduced watermovement.
Herbaceous vegetation washus able to replace forested wetlands because low water level variability
favored herbaceous vegetation. Additionallyhé collapse thresholdautilized in the 2017 1QM allowed for
the transition of forested wetlands directly to open water

The forested wetlands in the ICM are divided into two groups: bottomland hardwoods (BLH) and swamp
forest (SWAMP)In ICMLAVegMod, rartality for the BLH speciesvas based on changedn elevation

relative to MWL, while the SWAMP species mortalityas determined similarly to the herbaceous marsh
species(Appendix H)Establishment of all forested wetland speciewas based on germination and
seedling survivallAppendix I) This activityfocused on hydrological recommendations to improve forested
wetland representationin the 2023 ICM

Table 14. Wetland v egetation species that make up the two groups of the fresh

forested wetland habitat types (see Table 4) inthe 2017 ICM.

Habitat Type Species

Bottomland Hardwood Quercus lyrata, Quercus texana, Quercus laurifolia, Ulmus
Forest americana, Quercus nigra, Quercus virginiana

Swamp Forest Salix nigra, Taxodium distichum, Nyssa aquatic
APPROACHES/METHODS

In a post-2017 Coastal Master Plarstudy, water level variability output from 2017 ICMHydro was
multiplied by a correction factoffor the Lake Maurepas compartments beforbeing passedto ICM
LAVegMod iran attempt to maintain forested wetlands for longer in model simulationdVith this
adjustment, a decline in fresh forested wetlands over timeas still observed but the decline was slower
than for simulationswithout the adjustment (Baustian et al.2018a). One of the improvementproposed
for ICMHydro isto refine the resolution inparts of the domain presently covered withforested wetlands
and to move thelCMLAVegModoundary upslope to accommodate expected séavel rise. These
improvements will change watelevel variability in the forested wetland areas. However, most of the water
level variability n the swamp areas are likely driven by wind patterns and will not be fully captutadICM
Hydrqg so an adjustmentto the hydrology outputs (e.g., water levelssed to calculate water level
variability)may still be necessarnas described above for the_ake Maurepas compartmentslt is also
important to note that bottomland hardwood species ithe northern portions ofbasins might experience
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modeled hydrological conditionse.g.,annual MWL, that could also be influencedby high water events
from riversand that improvements tolCMHydrofor the 2023 ICMwill impact this effect.

RECOMMENDATIONS AND NEXT STEPS
The team makes the following recommendations:

1. Refine the resolution of thd CMHydrocompartments to test differences in water
level variability betwea observed and predicted in the forested wetland dominated
areas and check how quickly the forested wetlands transition to marshes; assess
need to includea correction factor.

2. Test the removal of the collapse threshold for forested wetlands i@MMorph and
allow for transition to herbaceous wetlands (Activity 1).

2.6 ACTIVITY 5: COORDINA TE WITH MODEL INPUT TEAM AS NEEDED
TO CREATE EXISTING CONDITIONS VEGETATION M AP

ISSUE

A newexistingconditions vegetation mapwvas needed to represent current conditions (ye2018 for the
2023 ICM). The flotant habitat must be mapped consistently for bott€MMorph and ICMLAVegModand
the grouping of species into habitats needs to be considerddetails in Appendix H)This activity involves
support for the development of anew existing conditions vegetation map.

BACKGROUND

ICMLAVegModstarts from anexisting conditions vegetation maphat shows the most current distribution
(year 2018 for 2023 ICM)of the dominant species included in the subroutinedBecause other subrouties
in the ICM use habitat type as an inpytach box in the subroutine needs to be assigned to one habitat

type.
APPROACHES/METHODS

The existing conditions vegetation nmarequires a list of speciesThe 2001, 2007, and 2013 coastwide
vegetation surveyqSasser et al., 2014)and the 2018 CRMS vegetation pit data (Table 15 were used to
revisit the listdominant speciesused in the 2017 ICM All of these surveys use the BrauBlanquet ocular
estimate of species covefKent, 2011). To determine the dominant vegetation at each plot, first the
species that had a cover greater than 50% of the plot (BraiBianquet classes 4 and 5) were assigned as
dominant. If no species at theplot was assigned,t was then determined how many species had a cover of
25 to 50% (BraunBlanquet class 3). If there was only one species that qualified, then this species was
assigned as the dominant. Otherwise thplot was assigned to theno clear dominant group.
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Table 15. Data used to determine which species to include in 2023 ICM-LAVegMod .

Year Number of plots Sample Size (m  ?) Origin
2001 3790 150 Coastwide survey
2007 3912 150 Coastwide survey
2013 4039 150 Coastwide survey
2018 3185 4 CRMS

To rank the dominant species in order of importance, the percentage of thiets that were assigned to
that species in each yeawasfirst determined. Then the average percentagevas calculated based on the
dominance ove the four years and the specieswere rankedfrom most common dominant to least
common dominant.

The species recommended for inclusion as well as the classification of the 2013 coastwide vegetation

survey and the 2018 CRMS vegetation plots were used asitling and validation data to createa 2018

existing conditionsmap for use in the 2023 Coastal Master PlanMultiple Sentinel2 images acquired

throughout 2018 are the basis for aclassification conducted at 10meter spatial resolution. The 2013

sites observed to have experienced a change between the 2013 survey and the 2018 imagery, as

assessed via remotely sensed i magecyornaaamgshedol ogy |
excluded from the training set. The remaining data points were used as traimidata for a remotely sensed

classification.

Decision tree classifiers including Classification and Regression Tree (CART) and Random Forest
classification algorithms were used to develop a classification using stratified random samples from the
training set. At these training sites, the values of the independent or predictor variables (iremotely
sensed reflectance values and indices) are recorded and sets of decision trees are automatically
generated and pruned until a comprehensive rulesetas develgped that most accurately reflects the
training data. These rulesets are then applied throughout the remotely sensed imagery to create a
complete classification of the wetland vegetation community types throughout the coast. Nine iterations of
this classification procedure were conducted, and the mode was then taken as the final vegetation
classification. The resulting land cover dataset was processed by using a neighborhood filter to remove
changes smaller than 1.4 ha. The filtering removed some of the neisaused by environmental variance
and classification error.

RESULTS

A total of 147 specieswere identifiedthat dominated at leastone plot in the four years [Table16). First, all
specieswere evaluated that aremodeled in 2017 ICMLAVegModlt is recommendedto keep most of
these, except HYDROHfdrocotyle umbellata and BAHARaccharis halimifolig because they have less
than 0.5% average occurrence. A few others that have less than 0.5% occurrence were recomraerid
remain on the list The first group of these are shrubs (MOCHB&orella ceriferaand IVFRva frutesceng
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that are under sampled in the surveys because the surveys are focused on herbaceous marskdshe
three shrubs (BAHA, IVFR, and MOCE), BAHRedeast common Table16) and occurs under similar
water level variability and salinity conditions to MOCE. Therefore, BAHA was removed from the nittuel.
second group are species that are common in deltaic environments (SALSs@jittaria latifolia and COES
Colocasia esculent that are expected to increase with proposed sediment diversion projects. AVGE
Avicennia germinanswas left in the subroutine because its increasing in occurrence along the coast
(Comeaux et al., 2012)

A fewnotable species were recommended to be added to the subrane because they had greater than
0.4% of average occurrencand could be used for classifying to other vegetation communities (Appendix I)
and they include SCAM6 Schoenoplectus americanusPOPU5Polygonum punctatum ELCEEleocharis
cellulose; SPCY Spartina cynosuroides and SCRO5Schoenoplectus robustusNot recommended for
addition was VILU3Vigna luteolabecause itis a vine that covers underlying vegetation and contributes a
relatively small amount to the total biomass in areas wherevtas dominant. Others not included ardrom
CRMS sites without a clear dominant and ELECEIgocharisspp) which includes many species of
Eleocharisthat can only be identified to the species level based on microscopic characteristics of their
achenes These specieshave different environmental requirements and thereforshould notbe included

in ICMLAVegModMortality matrices and establishment matrices werdeveloped for the added vegetation
species for use in ICMLAVegMod.

Table 16. Ranking of the dominant species (mainly marsh species) in the last 20
years as determined from the average percentage occurrence and recommendations
for inclusion . 2001, 2007, and 2013 observations were from helicopter surveys.

2018 was from CRMS. Included are sp ecies that were in ICM  -LAVegMod for the 2017
Coastal Master Plan analysis , species that were recommended to be added to ICM -
LAVegMod , and species that had greater than 0.4% occurrence but were not

recommended for inclusion

Rank  Dominant 2017 2001 200 7 2013 2018 Av era ge Rec ommendation

ICM for 2023 ICM

1 SPPA Yes 36.3% 259% 254% 25.1% 28.2% Keep

2 No clear No 16.7% 159% 15.6% 14.9% 15.8% DO Not include

dominant

3 SPAL Yes 11.3% 16.3% 155% 11.4% 13.6% Keep

4 PAHE2 Yes 10.4% 6.3% 5.3% 4.1% 6.5% Keep

5 SALA Yes 6.5% 3.4% 6.3% 3.8% 5.0% Keep

6 PHAU7 Yes 3.3% 4.0% 5.3% 4.9% 4.4% Keep

7 TYDO Yes 0.4% 3.4% 6.1% 1.5% 2.8% Keep

8 VILU3 No 0.8% 3.2% 0.7% 6.1% 2.7% DO Not include
9 SCAM6 No 1.3% 2.2% 3.2% 2.3% 2.3% Add
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Rank  Dominant 2017 2001 200 7 2013 2018 Av era ge Rec ommendation

ICM for 2023 ICM

10 DISP Yes 1.3% 2.3% 2.1% 1.7% 1.8% Keep

11 JURO Yes 0.6% 1.2% 1.9% 2.7% 1.6% Keep

12 ELEOC No 0.0% 1.4% 1.6% 1.0% 1.0% DO Not include
13 SCCA1l1 Yes 0.7% 1.3% 1.3% 0.7% 1.0% Keep

14 PAVA Yes 1.3% 1.4% 0.8% 0.3% 1.0% Keep

15 CLMA10 Yes 0.4% 1.0% 1.1% 0.8% 0.8% Keep

16 ELBA2 Yes 0.7% 1.4% 0.8% 0.1% 0.7% Keep

17 POPUS5 No 0.2% 0.9% 0.5% 1.1% 0.7% Add

18 ELCE No 1.8% 0.1% 0.1% 0.1% 0.5% Add

19 ZIMI Yes 0.1% 0.4% 0.5% 1.0% 0.5% Keep

20 SPCY No 0.3% 0.6% 0.6% 0.4% 0.5% Add

22 MOCE2 Yes 0.1% 0.3% 0.5% 0.8% 0.4% Keep

24 SALA2 Yes 0.8% 0.3% 0.1% 0.3% 0.4% Keep

26 SCRO5 No 0.1% 0.3% 0.5% 0.6% 0.4% Add

28 HYDRO Yes 1.0% 0.1% 0.1% 0.0% 0.3% Drop

29 COES No 0.2% 0.1% 0.2% 0.6% 0.3% Add

30 IVFR Yes 0.0% 0.4% 0.5% 0.2% 0.3% Keep

36 AVGE Yes 0.0% 0.2% 0.3% 0.2% 0.2% Keep

39 BAHA Yes 0.0% 0.0% 0.1% 0.4% 0.1% Drop

Thegrouping of species into habitatsvas also considered In the 2017 ICM, a box inCMLAVegModvas
assigned ahabitat type based on the species withthe greatest cover It was proposed for 2023 ICMthat

the habitat type be assigred based on thecoverweighted average score assigned to each speci€Eable

17). The weighted average score, developed Wisser et al.(2002), was assigned based on the

abundance (or cover) of each species in each habitat type as reported by Chabreck (1970). Plants
primarily occurring in fesh areas are assigned a score of 0.25. Plants that occur almost equally in both
fresh and intermediate marshes are assigned a score of 1.5. Plants primarily occurring in intermediate are
assigned a score of 2.75. Plants that occur almost equally in boiftermediate and brackish marshes are
assigned a score of 7.15. Plants primarily occurring in brackish marshes are assigned a score of 11.5.
Plants that occur almost equally in both brackish and saline marshes are assigned a score of 17.5. Plants
primarily occurring in saline areas are assigned a score of 2Zhen a vegetationbox of LAVegMod could

be assigneda marsh classbased onweighted average scoreTable 18).
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Table 17 . Habitat
recommended to be included in

analysis .

types and weighted average

score s assigned to all
ICM-LAVegMod for the 2023 Coastal Master Plan

species

Habitat Types Species Weighted
based on 2017 Average
ICM Score
Bottomland Quercus lyrata, Quercus texana, Quercus laurifolia, 0.25
Hardwood Ulmus americana, Quercus nigra, Quercus
Forest virginiana
Swamp Forest Salix nigra, Taxodium distichum, Nyssa aquatica 0.25
Fresh Flotant Panicum hemitomon, Eleocharis baldwinii 0.25
Fresh Attached Morella cerifera, Panicum hemitomon, Sagittaria 0.25
Marsh latifolia, Zizaniops is miliacea, Colocasia esculenta
Intermediate Cladium mariscus, Sagittaria lancifolia, Polygonum 1.50
Marsh punctatum, Eleocharis cellulosa
Iva frutescens, Paspalum vaginatum, Phragmites 2.75
australis, Schoenoplectus californicus, Typha
domingensis
Brackish Marsh Spartina patens, Schoenoplectus americanus 7.15
Spartina cynusuroides, Schoenoplectus robustus 11.50
Saline Marsh Juncus roemerianus, Distichlis spicata 17.50
Spartina alterniflora, Avicennia germinans 24.00

Table 18. Assignment of a
the weighted average score

n ICM-LAVegMod box to a marsh class
of the different species present.

Marsh Class Weighted Average Score
Fresh L2

Intermediate 2<x _ 5

Brackish 5<x _ 18

Saline > 18

(FIBS) based on
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MODEL IMPROVEMENT TE STING

A model test(G025) was performed to check how changing the way that FIBS clagas assigned may
alter the distribution ofhabitat types. In the 2017 ICMLAVegMod&400) the marsh classwas assigned by
first determining which species had the greatest cover in the box attten usingthe marsh class to which
that species was assigned to determine the overatharsh class for that box. Theproposed 2023 ICM
LAVegModhpproach uses a weighted average: thenarsh classscore of a speciesvas multiplied by its
cover and the sum of these multiplicationsvas divided by the total vegetative coveiThe marshclass was
then determined based on this weighted averag@able 18). Openwater was classified inCMMorph and
was not affected. Because rules for elevation change and collapse handledi@wHMorph are based on
FIBS categories, changes to FIBS classification can affect laargain the 2017 ICM framework

Test resultsof G025 were compared t02017 ICM output of future with action and medium scenario
(G400, SO4. It was hypothesized that thdargest difference between G025 and the G400 methodiould
be in the classification of fresh and intermediate marshes. This hypothesigs based on the assignment
of S. lancifoliato the intermediate marsh in G400, while in G025 it depends on the cover of the other
species. In addition, there are more species in the fresh and intermediate marsh clas$e$s025 It was
also expeced that the G025 approach will smooth the gradients in the FIBS classes and will avoid the
occurrence of fresh marshes immediately adjacent to saline marshes. In additionywds expected that
changes in classification will lead to changes in land loss patterns, bttvas hypothesizel that these
would be relatively minor.

The proposed FIBS classification system, that uses the weighted average score (from G025), shows a
more consistent estuarine gradient and seems to represent a distribution more consistent with patterns
that have been observed in the Louisiana coastal zorfeee AppendipH). Itwas also suggestal that if

more categoriesof vegetation are desiredhen the self-organizing map approach by Snedde{2019)
should be utilizedfor the eleven vegetation communitiesAppendixl provides a method of how to use the
34 vegetation species(Table 17) from ICMLAVegMod output to classify into 11 typesigure 4.

RECOMMENDATIONS AND NEXT STEPS
The team reommends the following:

1 Include a total of 34 vegetation species (including SAVablel7) in the existing
conditions vegetation magn ICMLAVegMod
q Utilizethe weighted average score approach to classihabitat types

2.7 ACTIVITY 6: C OORDINATE WITH ICM -INTEGRATION AND CODIN G
TEAM ON ADJUSTING MO DEL CODE

This activity is ongoingRefinement of improvements recommended by the team will continue as the
improvementsare tested and integratednto the ICM framework Details will be documergd in a report
from the ICMintegration and Coding Team.
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2.8 ACTIVITY 7: SUBMERGE D AQUATIC VEGETATION (SAV) MODULE
UPDATES

ISSUE

Most of the habitat suitability indices (HSIsitilized in the 2023 Coastal Master Plan depend 08AV

output, and previous(2012 and 2017) ICMoutput seemed to underestimate the SAV spatial distribution
The SAV module i2017 ICM-LAVegModVisser & DukeSylvester, 2017; Visser et al., 2013jheeds to be
validated and potentially calibrated gien the validation results. Other models and data describing SAV
likelihood of occurrence (SLO@PeMarco, 2018; DeMarccet al., 2018) are available that can inform the
SAV componenbf ICMLAVegModand potentiallybe used to adapt the modeling approackollowing
evaluation of the2017 approach. This activity is focused on improvin@AV representation in the 2023
Coastal Master Plarmodeling efforts.As this work is still ongoing, so only the approach is described here.

APPROACHES/METHODS

To improve the SAV module component for the 2023 ICM efforts, a strategic approaets necessary
Initially, a quantitative assessment of the accuracy of the existing 201CMLAVegModvill occur by
comparing the model results with existing data over the same time period. These results will inform the
team as to next steps, specifically to determinié the 2017 ICMLAVegModSAV modulevas 1) still
applicable asis, 2) applicable following calibration, or 3) inaccurate and in need of being replacddhese
steps are described below, anduirther detail will be documented in a future report.

TASK 1. VALID ATE EXISTING SAV MOD ULE

To assess the accuracy and precision of the existiggAV moduleoutput from the 2017 ICMefforts,
available data describing SAV presence, biomass, and cover across coastal Louisiana will be aosdpto
the existing SAV output fromhie 2017 ICM. Observed SAV data (nearly 50i@ld observations) are
available for years 20136 2015 (DeMarco et al., 2018) corresponding with2017 ICM-LAVegModutput
for the existingSAV moduldrom calibration years run The two datasets will be spatially overlaid to
visualizeareas of disagreement (errgrbetween the field observations and model rungver the landscape.
Additionally, a tabular dataset describing th2017 ICM-LAVegMod SAV modubccuracy will be generated,
including a confusion matrix to describe patterns of error (predicted presence whibiere was absence
and predicated absence when there was presence), as well as other statistics describing model accuracy
and performance. A potential challenge with this activityill bein comparing the cell sizdmax 0.5 kn?) of
the SAV moduleoutput to the actual observed SAV datf.25 m?2 sampling quadrat) whichmay require
some conversion.

TASK 2. DEVELOP AN A PPROACH FOR A NEW SAV MODULE

While the validation of the2017 ICM-LAVegMods ongoing, development of an approach to adjust,
improve, a replace the existing model with a ne®AV modulewill be considered. This approach will
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evaluate key outputs from the2023 ICM-Hydro and ICMMorph to drive the SAV moduleincluding but not
limited to total suspended sediments (TSS), exposure to waveiactcurrents, depth, and salinity, as well
as environmental and SAV data collected over the coast from other sources (i.e., CRMS, remotely sensed

imagery).
TASK 3. MODULE CALIB RATION

If the existing SAV module performs adequately aigldeemed suitable folowing team evaluation, then
calibration of the existing modemay occur by using newly available SAV data. This effort will incorporate
both SAYV field data andoastal environmental datafrom multiple sources (i.e., CRMS) to more precisely
guantify the curent parameters used to drive theSAV module in 2017 ICMLAVegModAdditionally, a

robust method will be developed for converting presence of SAV to percent cover for use in the HSI models
where appropriate and needed

TASK 4. IMPLEMENTATI ON OF NEW SAV MO DULE

If the SAV modulen 2017 ICM-LAVegMods found to be inaccurate or otherwise unfit for use in the 2023
ICM effort, a newSAV modulewill be implemented within2023 ICMLAVegMod. Th023 SAV module
would incorporate identified parameters of signifiagzce and quantify the likelihood of SAV occurrence and
assumed coverage based on model outputs from other relevamtitput from 2023 ICM Following the
development of the preferred approach, coordination with the team will allow tessting of the2023 SAV
module and adjusting accordingly on the updated outputs.
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3.0 SUMMARY OF
RECOMMENDATIONS, NEX T STEPS,
AND FURTHER NEEDS

The following summarize what the team recommends as the next steps needed from each of the activities
to update the ICM for the 2023 Coastal Mister Plan.

3.1 ACTIVITY 1: PROVIDE RECOMMENDATION FOR A DJUSTING
COLLAPSE THRESHOLDS

1 Remove the tweweek salinity collapse threshold for swamps as there was no evidence of
such sudden loss occurring in fresh forested wetlands in Louisiana.

9 Land change aspectof the ICM should be modified to reflect:

0 Gradual Transitions

A Consider the approach to bareground lowering described in this memo
and determine the rate of lowering based on model tes{proposed
tests at 0 cm and 5 cm per yeatr)

A ModifyICMLAVegModo include a twoweek salinity mortality
component for fresh marsh species to reflect acute effects of salinity on
vegetation. Areas would convert to bareground, assuming no other
species establish, and would be available for vegetation establishment
the followng year.

0 Water Depth Limitation

A Replace collapse thresholds for FIBS withe water depth limitation by

salinity for vegetationoccurrence

Apply thewater depth limitation based on two consecutive years

Calculate depth at the scale of the 30 m x 30 m pét.

Explore the effecs of water depth limitation using a curve based on the

99.5t quantile of the CRMS data

0 Elevation for Vegetation Establishment

A Use an elevation for vegetation establishment of MWL+Xn (G022)
and retest with the updated dispersal rees.

91 Further model testing:

0 Bareground lowering 1 (G###). Remove collapse thresholds for forested
wetlands and FIBS. Retain collapse threshold for bareground and land gain
threshold. Add distinction betweerareground_newand bareground_old and
lower elewation of bareground_oldby 5cm yrt.

0 Bareground lowering 2 (G###). Same as for Bareground lowering 1 but do not
lower elevation of bareground, i.e., test of lowering = 0 cmlyr

> >
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New dispersal (G###). Replace existing dispersal distance (1 box) with thdégpersal classes (by
species). Se€eTable 7.

il

Further research needs or data gaps:
0 Feld or laboratory experiments that test the water depth limitations of vegetation
species and how these vary with salinity
0 Direct observations of elevation loss from chages in % total cover of vegetation
or other metrics of marsh deterioration
0 CObservations of the inundation characteristics (depth and duration of flooding) of
emerging substrates where new vegetation is establishing.

3.2 ACTIVITY 2: REFINE T HE ORGANIC MATTER A CCRETION

APPROACH

il

A new lookup table based on @4 (OMAR) by habitat type (G027 test run) and<
(MMAR) produced by IC#ydro as inputs to the ideal mixing model should be the path
forward for modeling organic matter accumulation and organic and mine@mponents
of vertical accretion in 2023 ICM.

The G024 approach or anotheapproach that considers inundation impacts to organic
soil formation and subsequent accretion should be implementéatlinundation outputs
from ICMHydro are sufficiently reliableThe G024 approach should also be further
developed to reflect possible differences in OMAR between Chenier delta Plain
settings, and efforts should be made to ensure that refractory organic soil components
are appropriate for the taxa modeled in subtmmcal and microtidal settings such as the
northern Gulf of Mexico.

Further research needs or data gaps:

0 Held or laboratory experiments that test the response of soil organic matter
accumulation responses to potential future conditionse(g.,increased @arbon
dioxide concentrations, temperatures, nutrient and water levels)

0 Improve parameterization of belowground biomass response to inundation far
patens and S. alterniflorataking into account nutrient enrichment and
decomposition

0 Additional marsh orgarstudies that examine belowground biomass response to
S. lancifoliaand P. hemitomon

0 The G024 approach should be further investigated to reflect possible differences
in OMAR between Chenier Plain and DePtain settings

0 Observational and modeling studieare needed to better understand how fine
grained mineral sediments infiltrate downward into the soil profile of highly
porous wetland soilsgiven that porosity in most Louisiana coastal wetland soils
exceeds 0.8.

0 Evaluate the use of shorterm and longterm accretion rates for representation
of annual time steps and at 50year estimates of OMAR.
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3.3 ACTIVITY 3: COORDINA TE WITH ICM -INTEGRATION AND CODING
TEAM ON DEVELOPMENT OF UNSTRUCTURED GRID FOR LAVEGMOD

V2

The ICMIntegration and Coding Team willevelopand test approachesto adjust the ICMLAVegModyrid
to restrict the ICMLAVegMod domaitio areas where wetland vegetation is expected to change.

3.4 ACTIVITY 4: EXPLORE AND RECOMMEND OPTION S TO IMPROVE
FLOTANT MARSH AND FO RESTED WETLAND ALGOR ITHMS

il

Updateexisting conditions vegetationmap based on suggested ordered rules to improve
representation of flotant on the landscape and to improve communication betwe&dM
LAVegMod and ICMorph subroutines.

Refine the resolution of thd CMHydrocompartments to testdifferences in water level
variability between observed and predicted in the forested wetland dominated areasd
check how quickly the forested wetlands transition to marshes.

Test the removal of the collapse threshold for forested wetlands li@MMorph and allow
for transition to herbaceous wetlands (Activity 1).

Further research needsconsider adding wind to the ICNHydro to better represent water
level patterns in the wetlands including the fresh forested wetland areas.

3.5 ACTIVITY 5: COORDINA TE WITH MO DEL INPUT TEAM AS NE EDED
TO CREATE EXISTING C ONDITIONS VEGETATION MAP

f

Include a total of 34 vegetation species (including SAVable17) in the existing
conditions vegetation magn ICMLAVegMod

Utilizethe weighted average score approach to classifyabitat types

The work on theexistingconditions vegetation map is continuingnd will be documented
in more detail in a separate report from thélodel Inputs Team

Further research needs:

0 Perform a coastwide vegetatio survey to improve spatial cover of more recent
vegetation. This can also assist with QA/QC of the existing conditions vegetation
map and model output.

0 Research applicability of new survey techniques for coastwide habitat mapping
(e.g., drones, stratifiel random design vs grid sampling, multispectral imagery,
and combinations thereof).
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3.6 ACTIVITY 6: COORDINA TE WITH ICM -INTEGRATION AND CODING
TEAM ON ADJUSTING MO DEL CODE

The work by ICMntegration and Coding Team will continue by testing, refining, amdieigrating the model
improvements recommended in this report into the ICM framework as part of the model development
process.

3.7 ACTIVITY 7: SAV MODU LE UPDATES

Work will continuewith the SAV module updates beyond what has been initially reported.
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APPENDIX A: CRMS ANALYSIS
(ACTIVITY 1)

1. INTRODUCTION

ExistingCRMS data was evaluateth Activity 1to test the 2017 ICM collapse thresholdsTable 2 by
evaluating wetland vegetation occurrence that aluded assessing 1change in vegetation cover (% total
cover) if environmental data (e.g., salinity, water level) showed that collapse thresholds were exceeded for
marshes, 2) the extent and frequency ofvetland collapse 3) occurrenceof forested wetland experiencing
the collapsethreshold, and 4) waterdepth limitation for vegetation occurrence. The main results are
summarized in the report andietails about the data analyses are discussed below.

2. CHANGE IN VEGETATION COVER

The CRMS vegetation data celttion which includes observations of total % cover and speciewvel cover
from ten 2 m x 2 m vegetation stations within the CRMS site (defined here as the 200 m x 200 m data
collection area) began in 2006 with most sites reporting by 2007 (Figure Al, s®let al. 2018).
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Figure A1l. The number of CRMS sites per year from 2006 through 2018 that had
vegetation data collected.
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For each 2 m x 2 m vegetation station, the % total cover change was assessed relative to ayidas
moving window beginning wit2007-2011 and continuing through 20142018. In each fiveyear window,
the difference between % total cover at year five (e.g., Y5) and % total cover in every other year was
calculated (e.g., Y574; Y5Y3; Y5Y2; Y5Y1) along with the percent difference if% total cover over the
interval.

A threshold for change i totalcover that represented vegetation collapse had to be defined. A coarse
collapsethreshold of 50%change in % total covewithin a fiveyear window was initially proposed. Data
were examinal and a more precise definition was extracted from the distribution of change at stations
(Figure A2). Stations that had experienced change-2 standard deviations from the mean #46.2%) were
considered to collapse. 3,002 instancegout of 100,687) met the 46.2% change definition representing
wetland collapsefrom 943 stations at 254 CRMS sites (Figure AZJhose 3,002 instanceswere explored
further to determine whether theconditions previously predicted to causevetland collapse (excessive
flooding andsalinity) were associated withthe change in % totalvegetationcover.
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Figure A2. The distribution of change in % total cover from stations at CRMS s ites

(top) and the related statistics (bottom).
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Permanent vegetation loss (where total cover approached 0% and remained near 0% (< 5%) through
2018) did occur at 83 stations from 49 different sites (Figure A3). However, many of the sites that
produced thi result were known to be actively eroding into adjacent water bodies. The process in that
case is not wetland collapse due to flooding or salt stress but rather physicaimoval of marsh soils and
vegetation. That these stations are eroding can be verifidy examining elevation change and accretion
data which reveals an acceleration in elevation gain and very high accretion rates as the berm that is
created on the edge of the eroding marsh moves through the site (Figure A4). Fiftge stations from 22
sites were classified as converting to open water due to erosi@rhile 30 stations from 19 sites were
thought to beconverting to open watedue to some other process like flood or salt stress (Figure A5).
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Figure A3. Example of a CRMS Site (CRMS0176) th at had a station ( -V23) that
experienced permanent vegetation loss.
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water bodies.

2023 COASTAL MASTER PLAN. ICM -Wetlands, Vegetation, and Soils Model
Improvement Report 94



Figur e A5. CRMS sites assessed for this exercise with an indication of whether
permanent vegetation loss occurred prior to 2018 and which of those are thought to
be due to erosion.

A small percentage of vegetation loss was permanent (9% stations including eposi3% stations

excluding erosion). Based on CRMS vegetation surveys conducted during late summer each year, most
sites that lost vegetation recovered prior to 2018see examples from marsh habitat types iRigure A6.

The sites that permanently lost vegetan and the sites that met the vegetation loss threshold but saw
vegetation recover prior to 2018 were all assessed to determine whether the vegetation loss was
precipitated by flood stress or salt stress as defined in 2017 ICM. The results are descritiedhe next
section.
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Figure A6. Examples of CRMS sites from 2018 habitat types of fresh marsh
(CRMS0120), intermediate marsh (CRMS0225), and brackish marsh (CRMS1743)

with their respective station s (noted by -V##) that experienced a decrease a nd
increase in % total cover over time
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3. EXTENT AND FREQUENCY OF WETLAND COLLAPSE

Hydrologic conditions assumed to cause wetland collapse in the 2017 ICM have been observed during the
CRMS monitoring timeframe. Elevation data of each vegetation statiomis measuredwith whichflood
depths at the station scale were calculated from the water elevation data available for each site. Salinity
does not vary by vegetation station as one hydrology station represents the entire CRMS site.

Annual mean water degt > 0.36 m in intermediate marsh, > 0.26 m in brackish marsh, or > 0.24 min
saline marsh {Table2) has been observed at 144/2426 stations (6%) from 17 sites. Mamum salinity
thresholds of> 7 ppt in fresh marsh and > 5.5 ppt in wamps has been observed at 6&f 177 (38%) of
fresh marsh sites and 6of 59 (10%) of swamp sites (Figure A7). Therefore, some sites for multiple years
did experience the environmental conditions that would trigger the 2017 ICM collapse thresholds.

Figure A7. Map of CRMS sites with the number of years in which the station
exceeded inundation  (top) and saline (bottom) thresholds from the 2017 ICM by
habitat type (FIBS plus swamp)
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Flooding above collapse thresholds did not necessarily cause vegatatcollapse (Figure A8). Less than

5% of intermediate and brackish marsh sites that had vegetation loss also experienced flooding conditions
above the 2017 ICM collapse thresholds. Saline marsh sites that lost vegetation crossed the flood stress
threshold more frequently, but flood stress is not thought to be the major vegetation loss mechanism
because erosion has been observed at those sites. Fresh marsh that exceeded the salinity threshold did
elicit the predicted response in some cases (Figure A8). Noawp sites that experienced salinity above

the threshold also lost canopy cover.
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Figure A8. Collapse within Habitat Types. Percent of CRMS sites that experienced
vegetation loss >46.2% in a five -year period that were above the flooding and
salinity th resholds for wetland collapse as used in the 2017 ICM by habitat type .

By examining where on the coastal landscape there is vegetation loss and where there is elevated flood or
salinity values, it becomes clear that they are probably not related (Fig#x®). Most of the permanent
vegetation loss on the deltaic plain is associated with erosion. The permanent loss that is not necessarily
erosion is related to hurricanes and herbivory. Increased salinity in freshwater marshes occurred
repeatedly and causedémporary vegetation impacts. No permanent vegetation loss was associated with

increased salinity in fresh marsh.
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Figure A9. Map of CRMS sites with the number of years in which the station

exceeded inundation (top) and salinity (bottom) threshold s from the 2017 ICM and
where on the landscape permanent (X) and temporary (dot) vegetation loss was

observed .
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4. OCCURRENCE OF FORESTED WETLANDS EXPERIEN CING COLLAPSE
THRESHOLD

Canopy coveraluesin forested wetlands vay (Figure A10) Maurepas swampsites and emerging
Atchafalaya swamp sites have similar canopy cover values. Pontchartrain basin swamp sites have seen a
loss of canopy cover while Atchafalaya and upper Barataria/Terrebonne swamp sites have seen an
increase in cover. The observations ofigh salinity in swamps during the timeframe observed were all in
the Pearl River swamp (Figure A9). Those sites have seetiecreasein canopy cover.

Figure A10 . Canopy cover in 2018 at CRMS forested wetland  sites (top) and change
in canopy cover f rom 2007 to 2018  (bottom).

5. WATER DEPTH LIMIT FO R VEGETATION

The upper limit for vegetatioroccurrencecan be definedas occurring at the upper bound of the 95 or
99t percentile confidence interval of the observed inundation depths, which varies as anfition of the
observed salinity at the same location over the same time frame. More specifically, this is @¥e5t and
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99.5t% quantile, respectivelyof the annual mean depthsalinity data pairs in CRMS from 2010 through
2017 and was calculated from a quatile regression analysis (Bolker, 2008) using the R statistical
software (R Core Team, 2019)[he 99.5" quantile of the data set was recommended as the water depth
limitation which varies by salinity fovegetation occurrence.

Thedepth limit, DL, at a given salinity,S, is:
00 ‘ Foo0Z o, B Eq.Al

where a quantile regression was used to determine the mean and standard deviation of inundation depths
as a function of salinity,* r and, i , respectvely. Theupper bounds on the 93 and 99t
percentile confidence intervals are calculated with Z = 1.96 and Z = 2.576, respectively.

' R N R Eq.A2
sk rraQr Eq.A3

The coefficients determined from the quantile regression are:

ao = 0.0058
a1 =-0.00207
a2 = 0.0809
as = 0.0892
as=-0.19

The data tables and R codeand a readme document areavailableat https://github.com/CPRA
MP/ICM_LAVegMod/tree/master/inundatiorsalinity-quantiles.

Within ICMMorph, the collapse algorithmscan be updated to remove thecollapsethresholds by habitat
type previously used in the 2012 and 2017 master plans. The land change functiégm ICMMorph can be
updated to utilize raster datasets representing both annual mean salinity and annual mean inundation
depth. For every raster pixel within the model domain dlsified as vegetated wetland, the annual mean
salinity valuecan be used with EquationsC1-C3 to calculate a pixelspecificannual meaninundation

depth. This calculated valuean be compared to the water depth limitation for vegetation survivadfigure
7), and if the output is greater than, or equal to, the water depth limitation for vegetation occurrence, the
vegetated pixelcan be converted directly to open water.

6. REFERENCES
Bolker, B., (2008). Ecological Modeland Data In R. Princeton University Press.

R Core Team (2019). R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL https://wwwxtoject.org/.
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APPENDIX B: FORESTED WETLANDS
(ACTIVITY 1)

1. LITERATURE REVIEW

A literature review of published studiesvas examined for evidence of thresholds or collapsfer forested
wetlands to help informthe 2023 ICM.

Allen, Pezeshki, & Chambers, 1996 Key Points

System Review

Baldcypress is highly susceptible
Species Cypress to the combined stress of
flooding and salinity

Approach Review

Summary: Seedlings generally recover from the stress due to continuous shallow
flooding, can grow rapidly as seedlings subjected to moist soil or periodic
flooding. Pezeshki (1990) found no significant effects on height growth, net
photosynthesis or stomatal conductance of bald cypress seedlings (60 days at 5
ppt). Detrimental effects combined flooding and salinity increase with increasing

salinity. Davis et al. (1981) note th at bald cypress is limited to salinity <2 ppt for
more than 50% of the time that trees were flooded. But Myers et al. (1995)
found seedlings planted in a frequently flooded marsh grew well for 1 -4 years

with groundwater salinity of 2.8 ppt.

Conner, 1994 Key Points

System South Carolina

Species CvDress Baldcypress seedlings died within
P yp two weeks of 10 ppt

Approach Lab experiment

Summary: Bald cypress and Chinese tallow seeds raised for 4 months. July T
October lab experiment. Treatments: flooded with 0 ppt (FO), watered with 0 ppt
(WO), flooded with 2 ppt (F2), watered with 2 ppt water (W2), flooded with 10

ppt (F10), watered with 10 ppt water (W10), flooded with a simulated storm

surge of 32 ppt (FS), watered with a simulated storm surge. F10 seedling s died
within two weeks. Plants survived storm surge treatment (21 ppt - 2.5 pptover 7
days).
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Conner, McLeod, & McCarron, 1997 Key Points

System South Carolina

Differences in survival at 1 ppt
Species Cypress could be related to age, size or
seasonality of stress

Approach Lab experiment

Summary: Seeds collected and raised for 4 months. Plants were flooded with 0, 2,
and 10 ppt saltwater (FO, F2, and F10) and water level ~ 5 cm above soil surface.
Watered plants were watered to saturation daily ( WO, W2, W10). Almost all

watered seedlings survived 12 weeks of treatment. All FO, F2, and FS seedlings

survived. F10 caused mortality of all bald cypress, water tupelo, and green ash

seedlings within two weeks. The difference in survival could be a respon se of
seedling age, size (Allen et al., 1994), or response to the time of flooding (onset

of dormancy priorto  flooding).

Hackney, Avery, Leonard, Posey, & Key Points
Alphin, 2007
System North Carolina

. . Cypress survived but with lower
Species Multiple growth at soil salin ity of 5 ppt
Approach Field data

Summary: Salinity effect on wetland community structure at some stations. Even
low level of salt, < 10% seawater led to major community change in tidal
freshwater swamps if salt effect was chronic. Res ulted in a shift in vegetation
from woody tree species to herbaceous species. Process of community change
begin at ~ 2 ppt. In the upper CFR estuary, bald cypress survived, with lower
growth, even after soil salinity increased above 5 ppt.

Hoeppner, 2008 Key Points

System Maurepas Salinity stress associated with

Species Multiple drought. Tree mortality associated
with soil salinity (mean annual)

Approach Field data

Summary: Spring 2000, 40 study plots (25 m x 25 m) along southern part of Lake
Maurepa s. Salinity data from two 0.75 m deep PVC wells -averaged for annual
mean soil salinity at each plot. Soil salinity was highest at the Lake plots (2.16

ppt), and lowest at the Hope Canal plots (0.81 ppt). Salinity decreased from 2000
(drought) to 2003, sli  ght increase in 2004. Interior areas had lower salinity levels
than the Lake plots. T greatest during drought years. The two most saline plots
had cumulative mortalities of 75% and 61%. Saltwater intrusion into soils,

especially during 2000 drought, impac ted A.rubrum , N.aquatica, and F.
pennsylvanica . N. aquatica , F. pennsylvanica , and A.rubrum may be
stressed/reduced growth at 2 to 3 ppt. Due to the negative correlation of salinity

and flooding, the negative effect of salinity on aboveground biomass pr oduction
could not be shown due to relationship of salinity and flooding (which also varied

over time).
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Keim, Dean, & Chambers, 2013 Key Points

System Atchafalaya Basin

Species Cvoress -tupelo Differences in flooding did not
P yp P influence mortality

Appro ach Field data

Summary: Taxodium (and to a lesser extent Nyssa) are very long -lived and can
persist when hydrological regime changes and limits regeneration. Study in the
Atchafalaya River Basin Floodway. Found that flooding stress does not alter

density -dependent stand development in cypress -tupelo. Little evidence that
flooding stress itself is responsible for competitive advantage of bald cypress -
water tupelo is decreasing in importance as more susceptible to crown breakage

in storms.

Langston, Kapl  an, & Putz, 2017 Key Points

System Big Bend, FL

Species Multiple Comple'Fe_ tur_nover of species
composition in 20 years

Approach Field data

Summary: Sabal palmetto (cabbage palm) and  Juniperus virginiana  (southern red
cedar). Tidal flooding frequency ( TFF) based on weekly inundation (or not).

Census trees in 2014, annually from 1992 to 1998, and in 2000 and 2005.

Understory survey in the fall and winter of 2014/ 2015. TFF increased 1992 to

2014. Strong relationship between 2014 S. palmetto mortality and TFF. The 2014
survey showed continued forest decline of species richness, regeneration, and
density with TFF. Between 1994 and 2014, distinct transitions forest understory to
salt marsh shrubs to salt marsh along an increased tidal flooding gradient.

Comp lete turnover in species composition on relict forest islands in 20 years.
Middleton, 2016 Key Points
System Delmarva peninsula Higher mortality with higher
Specie s Multiple salinities (>_10 ppt_ - du_rgt_lon

. unclear). Differential sensitivity of
Approach Field data species to salinity.

Summary: Damage to forested swamps by saltwater intrusion and/or wind and

water surge - Hurricane Sandy on the Delmarva Peninsula (MD and DE). During
Hurricane Sandy, elevated salinity for Oct.29 -30, 2012 (Pocomoke City v s.
Shelltown: max. 13.1 and 18.6 ppt,), dropped to pre -storm levels by Nov. 2, 2015
(0.08 ppt). Hickory site had higher % recently dead standing trees vs. other sites

(7.9 £ 4.6% vs. 3.3 + 1.9%). The % standing dead trees was higher in plots with

higher so il salinity. Trees of species intolerant of salinity were killed e.g., A.
rubrum, A. laevis, llex spp., and T. distichum . Order of tree susceptibility from
most to least:  A. rubrum, Magnolia virginiana, Q. pagoda, L. styraciflua, T.

distichum , and P. taeda .
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Shaffer et al., 2009 Key Points
System Maurepas
. . Mortality varied by species. Soil
Species Multiple salinity highest in drought years
Approach Field data
Summary: 20 study sites with paired 625 -m? plots in the southern wetlands of
Lake Maurepas - 3 different hydrological regimes (relict, degraded, and
throughput). Abiotic - soil salinity, light penetration, pH, bulk density, redox
potential (Eh), sulfide, nitrate, ammonia, and phosphate concentrations. Used
spectral signatures of stations to extrap olate areally over the Manchac T Maurepas.

Based on salinity - throughput and degraded different, distinction between relict

swamp and either throughput or degraded swamp was less clear. Highest soil

salinities during drought of 1999 12000 (max 4 -5 ppt) foll owed by 2006 (~3 ppt) -
also drought. Over 7 years, nearly 20% of the original 1860 trees in study plots

suffered mortality, Mortality highest for midstory species (mostly swamp red

maple and green and pumpkin ash). Tree primary production higher at sites w ith
higher bulk densities and lower salinities.

Thomas, Doyle, & Krauss, 2015 Key Points
System South Carolina and
Georgia Growth negatively related the
Species Cypress salinity, 1 - 3 ppt.
Approach Field data
Summary: Investigated the climate and g rowth relations of  T. distichum

influenced by flooding and salinity along two coastal rivers. Tree ring analysis
used to relate growth rate and pattern to climate history, salinity exposure,
hydroperiod, and anthropogenic perturbations. Correlations betwee n site
chronologies and early growing season (April T July) PDSI, precipitation, and
temperature. Salinity correlated with mean monthly low tide and mean annual
river discharge. Tree growth at Savannah Middle showed a negative correlation
with river salinity ~ while tree growth at Waccamaw Middle did not (due to higher
salinity Savannah Middle 0.83 ppt). Both lower sites experience mean monthly
salinity of >2 ppt. At both sites, very few living trees remain since 2004.

2. REFERENCES

Allen, J. A., Chambers, J.,1& McKinney, D. (1994). Intraspecific variation in the response of Taxodium
distichum seedlings to salinity. Forest Ecology and Management, 70(1), Z23.4.

Allen, J. A., Pezeshki, S. R., & Chambers, J. L. (1996). Interaction of flooding and salinityssbre
baldcypress (Taxodium distichum). Tree Physiology, 16, 3B243.

2023 COASTAL MASTER PLAN. ICM -Wetlands, Vegetation, and Soils Model
Improvement Report 105



Conner, W. H. (1994). The effect of salinity and waterlogging on growth and survival of baldcypress and
Chinese tallow seedlings. Journal of Coastal Research, 10(4), 1@1049.

Conner, WH., McLeod, K. W., & McCarron, J. K. (1997). Flooding and salinity effects on growth and
survival of four common forested wetland species. Wetlands Ecology and Management, 5 99
109.

Davis, D., DeRouen, M., Roberts, D., & Wicker, K. (1981). Assessmemixtént and impact of saltwater
intrusion into the wetlands of Tangipahoa Parish, Louisiana. Coastal Environments, Inc.

Hackney, C. T., Avery, G. B., Leonard, L. A., Posey, M., & Alphin, T. (2007). ChafB@&l@&gical, Chemical,
and Physical Charactertics of Tidal Freshwater Swamp Forests of the Lower Cape Fear
River/Estuary, North Carolina, 39.

Hoeppner, S. S., Shaffer, G. P., & Perkins, T. E. (2008). Through droughts and hurricanes: Tree mortality,
forest structure, and biomass production in a coastawamp targeted for restoration in the
Mississippi River Deltaic Plain. Forest Ecology and Management, 256, 8348.

Keim, R. F., Dean, T. J., & Chambers, J. L. (2013). Flooding effects on stand development in cyjuesis.
In: Guldin, James M., Ed. 2@ Proceedings of the 15th Biennial Southern Silvicultural Research
Conference. eGen. Tech. Rep. SRSTR175. Asheville, NC: U.S. Department of Agriculture, Forest
Service, Southern Research Station. 43437., 175, 4310437.

Langston, A. K., Kaplan, D. A8, Putz, F. E. (2017). A casualty of climate change? Loss of freshwater forest
i slands on Floridads Gulf Coa#$8397. Gl obal Change Bi ol

Middleton, B. A. (2016). Differences in impacts of Hurricane Sandy on freshwater swamps on the
Delmana Peninsula, MidAtlantic Coast, USA. Ecological Engineering, 87,668.

Myers, R. S., Shaffer, G. P., & Llewellyn, D. W. (1995). Baldcypress (Taxodium distichum (L.) Rich.)
restoration in southeast Louisiana: The relative effects of herbivory, floodingnpetition, and
macronutrients. Wetlands, 15(2), 145148.

Pezeshki, S. R., Delaune, R. D., & Patrick, W. H. (1990). Flooding and saltwater intrusion: Potential effects
on survival and productivity of wetland forests along the U.S. Gulf Coast. Forest Eposnd
Management, 3334, 287 8301.

Shaffer, G. P., Wood, W. B., Hoeppner, S. S., Perkins, T. E., Zoller, J., & Kandalepas, D. (2009). Degradation
of Baldcypres®Water Tupelo Swamp to Marsh and Open Water in Southeastern Louisiana, U.S.A.:
An Irreversible Tajectory? Journal of Coastal Research, 18265.

Thomas, B. L., Doyle, T., & Krauss, K. (2015). Annual Growth Patterns of Baldcypress (Taxodium distichum)
Along Salinity Gradients. Wetlands, 35(4), 83B39.

2023 COASTAL MASTER PLAN. ICM -Wetlands, Vegetation, and Soils Model
Improvement Report 106



APPENDIX C: TEST RUN G020
(ACTIVITY 1)

1. INTRODUCT ION

A model test(G020) was undertaken to assess replacing the collapse thresholds used in previagastal
master plans with a depth limitation for vegetatiomccurrencewhich varies by salinity. The collapse
thresholds were only removed for FIBS. No chg@mwas made for swamp and baregroundnd all other
aspects of 2017 ICM remain the same. Theater depth limitation shown inFigure 3was applied based on
a single year of hydrologylhe test run was compared to a future with coastal master plan projectar
using the 2017 ICM output (G400).

There are several key differenceletween this proposed approach anthe collapse thresholdapproach
usedin the 2017 ICM While the curve applied imposes limiting depths similar to those previously used for
intermediate, brackish and saline marshes Table 2), the 2017 ICM thresholdsrequired exceedance for

two consecutive years. In addition, previously fresh marshes were not subject to any depth limitation and
were subject to a maximum twaveek salinity in any year.

Prior to the model test runs, the effects were hypothesized

M Trend of land loss over timavill be smooth in ecoregions (except for project effects).
9 Project effects which address salinity will be less pronounced.

2. TEST RESULTS

This examination of landwater patterns is based on comparison of @0 and G400 d the simulation that
includes all the 2017 Coastal Master Plan projects. Two areas of the coast were explodedermentau
and BretonSoundbasins.

MERMENTAU

Figure Clshows land loss atyear 40 for G400.The large area of loss in the MermentaBasin has been
diagnosed as the result o suddenloss of fresh marsh occurring in a single yearound year33.
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Figure C1. L and loss map (vs. Future Without Action) for G400.

For @20 the difference map (vs.G400) shows gain in the area in MermentaBasin (Figure C2. Thus, in
G020 the mechanism that produced the loss in G400 has been removed.
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Figure C2 . Comparison of G 020 vs. G400 runs for year 40. Green indicates more

land in G020 compared to G400. Red indicates G400 had land in an area which is
not land in G020 .
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The plot of land change over time for @0 in the Mermentau/Lakes (MEL) ecoregion(Groves et al. 2017,
Figure C3 shows no sudden change in land area in year 33. The offset between the land aceaves is a
result of alignment issues at the start of the simulation and is not considered a factor influencing the test
of the depth limitation for vegetatioroccurrence. Figure Calso shows greater land loss over time in MEL
for G020. This is likely die to the loss of fresh marsh as a result of excessive flood depdhas fresh
marshes would not have been subject to such loss in G400.
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2

Figure C3. Land area over time for the Mermentau/Lakes ecoregion ( MEL) for G 020
and G400 .

BRETON

FigureC2 also shows many areas where loss occurs in@z0 but not in G400 (red areas) including large
areas in Breton. The plot of land area over time foi0G0 for the Breton Soundecoregion(BRT) shows
greater land loss over the 5&/ear period for ®20 (Figure C4) This isto be expected as much of the area
is influenced by diversions in G400 leading to fresh marsh and also potentially highter levels. The lines
diverge over time starting at yeaseven, when the first diversion comes online, also supports this020
showsa sudden increase in land area in ~ year 15 probably associated with a marsh creation project. In
G400, this increasedland area appears to be sustained but is lost in@20.
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Figure C4 . Land area over time for the Breton Sound ecoregion ( BRT) for G 020 and
G400.

G020 also showsa sharp decrease in land area in Year 39. Inspection of thedifference of G020-G400
land difference maps shows that much of the increased loss associated witB@Z® in the Central Wetlands
occurs between year 35 and year 40. The vetaion map for year 35(Figure C5 shows that much of the
upper basin is fresh (presumably due to the influence of the diversions). This means that tfg2G water
depth limitation approach is causing loss in fresh marshes which are deeply flood®dn effect which did
not occur in G400. Notably, many of the areas of additional loss i in the year 40 difference map
(Figure C3 also occur in areas of the coast which are likely to have been fresh at some point in the 40
year period. This effect was antipated.
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Figure C5. Vegetation cover for year 35 of G 020 test run.

COASTWIDE

The year 50 landwater difference map Figure C§ shows the net effect of the test over the complete 50
year run.Time series plots for the Eastern Chenier RidgeEqR)ecoregon (Groves et al. 2017, Figure C3)
indicate this loss occurs in the last decades (after year 26) of the simulation (Figure C7). This may be due
to slight differences in the depth limitation imposed by the G020 approach compared to the fixed
inundation depth for nonfresh marshes used in G400. These differences might be expected to be more
manifest in the last decade of the simulation when the effects of sea level rise acceleration increase water
depth more rapidly.
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Figure C6. Land-water difference mapf or G020 vs. G400 at year 50.
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Figure C7. Land area over time for the Eastern Chenier Ridges ecoregion ( ECR) for
G020 and G400 .
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APPENDIX D : TEST OF ELEVATIONS
FOR VEGETATION ESTAB LISHMENT
(ACTIVITY 1)

1. INTRODUCTION

Two model tests (821 and G022) were undertaken to explore the appropriate elevation relae to annual
MWL at which vegetation can establish. Three rumgere compared with different elevatiorthresholds:

i G021: Establishment elevation = MWL

1 G022: Establishment elevation = MWL+1@m

1 G400: Establishment elevation = MWL+2@m (pase run reflectingthe 2017 ICM
approach)

In each run the elevation relative to MWL lteto be met or exceeded for two consecutive years before the
area becomes eligible for vegetation establishment. All other conditions in the 2017 ICM remaio any
new land resulting fromthe change in establishment elevatiomepresents land that was lostlue tothe
collapse thresholds used irthe 2017 ICM.

The hypotheses included:

9 Land gain in areas of active sediment depositiowould begreater in G021 than in G022,
and greater in G022than in G400.

9 Differences in new land gaimwill be spatially contiguous with existing land (i.e., deltas are
growing as expected)

91 No differences in areas without active subaqueous deposition (deltas and diversions).

2. RESULTS
LAND-WATER PATTERNS

Coastwde land change patterns at Year 2%or test runs G021 and G022 compared to the base run,

G400, are shown in Figure D1. A closer look atrid building in the Wax Lake Outldor the same year and

the same test runsis shown inFigure D2 There is a greateextent of new landrelative to G400 from

model test G021 than G022. For the most part the new land is contiguous with existing lanolut there is

some evidence of islands O6emergingé6 in open water and
consequence & minor variations in the initialdigital elevation map DEM. There are also signs of interior

ponds and some channels infilling. These effects seem to be greater iAZ3 than in G022 compared to

the base run(G400).
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Figure D1 . Comparisons of land area at Year 25 for test runs G021 (top) and G022
(bottom) vs. the base run  (G400). Green indicates more land in the test run  than in
the base run. Red indicates land in the base run in an area that is water in the test
run. The Wax Lake area is circled in purple on both maps.
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Figure D2. Zoomed in look at land area at Year 25 for test runs G02 1 (top) and
G022 (bottom) vs. the base run, G400, for the Wax Lake area. Green indicates more
land with the G021 than the G400. Red indicates the G400 modelt estrun had land
in an area which is not land in the test run. Refer to Figure D1 for scale.

Inspection of similar model result$or areas further west in the Chenier Plain show minor variations in loss

and gain with the test runs. These variations are tiight to be due to variations in landvater mapping in

early years of the simulation when the ICM is adjusting the initial conditions to be consistent with the ICM
algorithmsupdhepaetéspbsnon the map ar e fonvegetatiorel evant t o |
establishment and will be eliminated in th023ICMs i mul at i ons -wha& nwitlhli sbeé spomduct e
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prior to the start of the simulations. Patterns of loss/gain in interior wetlands occurring in later years of the
simulation are likely be aconsequence of slight adjustments in local hydrology due to the changing extent
of land in the test run.

To the east, the test runs show similar patterns fofear 50 in terms of land gain in areas influenced by
deltaic sedimentation(Figure D3. A closer bok at land building along the Mississippi River for the same
year and the same test runs is shown in Figure DBor example, there is more land for both test runs near
Fort St. Philip than in G400, and the effect may be slightly greater fodZ4. The modé test G021 also
shows more land gain by year 50 in the area of the Miireton Sediment Diversiorand in Barataria Basin
where someinterior open water is shown to fill ife.g., west of Bayou Perdt
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Figure D3 . Comparisons of land area at Year 50 fortestruns G021 (top) and G022
(bottom) vs. the base run  (G400). Green indicates more land in the test run  than in
the base run. Red indicates land in the base run in an area that is water in the test
run. The area is around the proposed loca tions for the mid -Breton and Mid-Barataria
sediment diversions is circled in teal on both maps.
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Figure D4. Zoomed in look at land area at Year 50 fortest runs GO 1 (top) and G02 2
(bottom) vs. the base run, G400, for the area around the proposed loca tions for the
Mid -Breton and Mid-Barataria sediment diversions . Green indicates more land with

the G021 than the G400. Red indicates the G400 model test run had land in an area

which is not land in the test run. Refer to Figure D 3 for scale.

Areas of landgain around the margins of large water bodig®.g., around the edge of Lake Salvador in
Figure D4)are likely also associated with model spiap and reconciliation of the initial lanelvater map
with the initial DEM and ICM adjustments to both.

CHANGE OVER TIME

Plots of land area over time for all the 2017 ICM ecoregions (Groves et 2017) indicate that G021 has
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the greatest land area, followed by G022 and then G400. However, the nature of tiferencesamong
the runs over time provides insight intohte changes which are occurring with the test runs.

One of the hypotheses set forth in relation to the test was that areas of active sediment deposition would
show greatest land for @21 followed by ®22. Also, itwas expected that the difference betweenest runs
would increase over time, at least for the first few decades of the simulation where active sedimentation
should outpace the effects of relative sedevel rise.

Figure D5shows land area over time for four ecoregions that include active deltastbe effects of
sediment diversion operationsThe AtchafalayaVermillionTecheecoregion (AV)lincludes the Wax_ake
Outletand Atchafalaya Deltas. Over timehe model testsG022 and G400 separate (indicating that the

ef fect i s n atp0se) Bgeever, thds istasame atoregion and the differences among the
runs are somewhat masked by other ancillary test run effects across the regitmthe Upper Barataria
ecoregion UBA,t he Breton Sound ecoregion ( B®REBFD thatmek t he
runs diverge over time for the first part of the simulation, suggesting that delta building is greatenindel
test runs G021 and G022 than in G400. In contrast, Figure D6 shows land area over time patterns for a
few non-deltaic ecoregons, including Calcasieu/Sabine (CAS) and Mermentau/Lakes (MEioy, G021,
G022, and G400. In these ecoregions, outputs from the test runs do not diverge over time from base run
outputs.

The previous discussion of complex land loss/gain patterns attributenuch of the difference to model
spin-up issues and how changing the elevation for vegetation establishment interacted with adjustment of
initial condition and landwater/DEM alignment. This effect would be expected to be manifest in the first
few years @ the simulationwith little change in the following decades until different land loss processes
begin to interact with the landscapes.
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Figure D5. Land area overtime for G 021, G 022, and the base run (G400) for ecoregions
with active 'deltaic sedimentat ion' in the simulation (i.e., existing deltas and sediment
diversions ). AVT i Atchafalaya -Vermilion -Teche. UBA 1 Upper Barataria. BRT 1 Breton.
BFDi Bi rdbés Foot Del t a.
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APPENDIX E: ADJUSTMENTS TO
ICM-MORPH (2017)

1. ADJUSTMENTS FROM THE WETLAND MORPHOLOGY MODEL
(2012) TO ICM-MORPH (2017 )

9 Key citations Couvillion and Beck, 2013 Brown et al., 2017a,b; Whiteet al., 2017,
2019

1 The 2012 Wetland Morphology model was integrated into the 2017 ICM as ICM
Morph. It wascoupled with ICMHydro and ICM_AVegMod at an annual time step in
the 2017 ICM compared to a fiveyear time stepfor the 2012 models.

9 Baseline data (elevatiorand land area) was updated from circa 2010 for the 2012
modelsto 2014 for the 2017 ICM.

1 ICMMorph traces elevation and land area change at 30 m x 30 pixelresolution,
increasedfrom 500 m x 500 m pixel resolutionin the 2012 Wetland Morphology
Model.

9 The upper limit of vertical accretion was assumed to be 2.26 cyr! in the 2012
Wetland MorphologyModel. Inthe 2017 ICM, the limit was 10 cm y#.

1 The mllapsethreshold approachuses 8week growing season mean salinity in the
2012 Wetland Morphology Moderather than maximum of twoeweek mean salinity
during a model year in ICMMorph.

1 Mineral sediment accumulation rates are provided by IGNldro. Mineral sediment
distribution and accumulation were calculated for three distinct zones (marsh edge,
interior marsh, and open water) in the 2017 ICM compared to two zones (marsh and
open water) in the 2012models. Sediment accumulation is also calculated for sand,
silt, and clay separately in the 2017 ICM.

9 Mineral sediment in the 2012 Wetland Morphology model wa®distributed within a
compartment based on a sediment distribution probability surface, which was based
upon the weighting of factors such as distance from sediment source, frequency of
inundation, and distance from water bodiedn contrast, nineral sediment
accumulation rates in ICMHydro were improved for the 2017 ICM with updated
sediment distribution methodology incorporating sediment sources, sediment
transport within the coastal area, sediment transfer to and from the marsh areas,
and sedimentation pocesses within marsh areas.

1 Aconstant 1,000 gm2 yrl of sediment was assumed delivered to each hydrology
compartment in the 2012 Wetland Morphology Modeln the 2017 ICM, sediment
from tropical storms delivered from the offshore compartments to thearsh is re
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suspended from the bed due to higher wave energy, and the marsh is inundated due
to higher water levels.

9 Abackground change rate calculated from historical land change data for the 2012
models. In the 2017 ICM, satially variable marsh erosiomates were calculated for
all shorelines that experienced erosion during a 2002012 observation period by an
updated algorithm in ICMMorph.

1 Qrgand BD were chosen for manipulation during the calibration of the accretion
rates projected by ICMMorph. Daa related to these parameters were obtained for
different combinations of hydrologic basins and vegetation types using soil data
collected from CRMS and supplemented with Soil Survey Geographic Database
(SSURGO) soil data where CRMS data were unavailable organic matter
accumulation rates (OMAR), together with the mineral sediment accumulation rates
and bulk density BD) were usedto estimate total vertical accretion (mnyr!) based
on Couvillion et al. (2013).

91 The underlying dataset used to derive #hsoil organic matter content and BD input
data included mean values and standard deviationé€SD)in ICMMorph compared to
mean values (al so cal Ilfoetde 201P WqtlandsMerphblagy i ve val u
Model. Mean andSDwere calculated for each ecoreign and habitat type
combination. For the ecoregioimabitat type groups in which data were unavailable,
representative values were assigned from similar groups.

1 BothBDand OMAR valuesvere obtained for differentecoregionhabitat type groups
through modelcalibration. Calibration of mean values for the 2017 ICM involved
comparing modeled and observed vertical accretion frol’Cs data (20062007) at
178 soil core locations across Louisiana coastAccording to Brown et al. (202b), if
adjustments were needd during calibrationfor ICMMorph in the 2017 ICM BD and
OMARvalues were altered according to standard deviations from the mean of
observed data. OFor example, if modeled accre!
than observed values, a new run was condted with BD values 0.25 standard
deviations lower than the mean. This process was repeated until values B and
OMARwere obtained that resulted in an acceptable model performantéBrown et
al., 2017b).

1 A backgroundvARof 2 mm yr! was also added toall accretion calculationsof ICM
Morphto correct underestimation of observed ARduring calibration ofBDand
OMAR It was found that mearBD and OMARvalues for each ecoregiofabitat type
group resulted in the best model performance
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APPENDIX F: IDEAL MIXING
MODEL (ACTIVITY 2)

1. USING THE IDEAL MIXI NG MODEL TO BACK -CALCULATE
VERTICAL ACCRETION R ATES FROM MASS ACCUM ULATION RATES

Once mineral and organic mss accumulation rates(tMMAR, OMARjre estimated, they will need to be
converted to vertical accretion ratesMAR.cm y1; seeFigure 1). The ideal mixing model allows for the
VAR(L T?) to be backcalculated from mineral and organic mass accumulation tes (M L2 T1), based
on Adams(1973) and recently applied to coastal wetland soils by Morris et 42016). In the 2012

and 2017 ICM, theMMAR andOMAR were additiveand once summed, thismass accumulation rate
was divided by the bulk density (BD) to obtain an accretion rate

An example is provided below to illustrate the application of the ideal mixing model and how it differs
from the 2012 and 2017 ICM approach. Supose an idealized site has @ Olvalue of 0.4 (idealized in
the sense that it fallsexactlyon the mixing model curve). Suppose also that the site has a VAR of 0.5
cmyrl. The ideal mixing model indicates that it will have a corresponding bulk densityueabf 0.1796
gcm?. Taking the OMAR as BRLOIx VAR, the value for OMAR is 0.0379ayn? yrl. Similarly, MMAR
is6& Ox (LT O 0)®©w o6 Nor0.0569 gcm? yrl. The OMAR and MMAR can then be divided by their
corresponding seHpacking densities toobtain the mineral and organic components of vertical
accretion (Table F1).

Table F1. Example of applying the ideal mixing model to derive vertical accretion

rates from mass accumulation rates f rom an idealized site. =~ Mass Accumulation
Rate is divided by  Self-Packing Density to calculate Vertical Accretion Rate (VAR)
for soil components. The VAR of the soil components are summed for Total VAR.

Soil Component Mass Self - Packing Vertica | Accretion
Accumulation Density Rate (cmyr 1)
Rate (k1 or k2,g cm -2?)
(gem 2 yr-t)

Organic 0.03 79 0.07 57 0.5007

Mineral 0.05 69 2.1060 0.02 70

Total 0.0948 0.5277

Notice that in the end the original total accretion rate was 0.5 (plus a rounding error). Also notice the
volumetric leverage from organic accumation can be calculated as VAR/OMAR, ord745 cm yr!
divided by0.0359 g cm2 yr, giving a value ofl3.21 c¢cm3 g (this can also be calculategimply by
taking the inverse ofk;). This wlumetric leverageis similar to those obtained from soil coringtadies
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in northern Gulf of Mexico coastal wetlands where théARis regressed against OMAR, including 9.0
cm3 g1 from 18 cores collected across BretomBasinin 2008 (Snedden 2021), 12.9 cm® g in
TerrebonneBasin (Nyman et al., 1993), 13.7 crd g1 in coastal LA (DeLaune et al., 1989), 8.0 cégl
in coastal LA/TX (Turner et al., 2000), and 10.9 chy! in BaratariaBasin (DeLaune et al., 2013).

2. EXAMPLE OF APPLYING THE IDEAL MIXING MOD EL TO CRMS
DATA

In reality, observed siteglo not fit the curve exactlyr? for the ideal mixing model was 0.86)Whena

real site is used, CRMS0225 from the 2018 surveyyith BD=0.1561 g cm=3,LOI=0.3841, and

vertical accretion=1.11 cm yrl, the calculatedVAR(Table F2)differs from the observed value by
0.1795 cm w1, or about 20%. This error is due to the fact that the CRMS site does not fall exactly on
the ideal mixing model curve.

Table F2. Example of applying the ideal mixing model to derive vertical accretion

rates from mass accumulation rates from a CRMS site. Mass Accumulation Rate
is divided by Self -Packing Density to calculate Vertical Accretion Rate (VAR) for

soil components. The VAR of the soil components are summed for Total VAR.

Soil Component Mass Self - Packing Vertical Accretion
Accumulation Densi ty Rate
Rate (k1o0rk 2,gcm-=3) (cm yr-?t)
(gc m2yr)

Organic 0.0666 0.0757 0.8798

Mineral 0.1067 2.106 0 0.0507

Total 0.1733 0.9305

3. USING THE IDEAL MIXING MOD EL TO ANTICIPATE ACC RETION
RESPONSES TO PERTURBATIONS

In the examples abovea known accreton rate (from CRM8225) was used to calculate mass
accumulation rates. But the 2023 ICM will be obtaining mineral and organic mass accumulation rates
from different subroutines of the model (mineral from ICNlydroand organic from ICMLAVegMod)

and thosevalues will be used to estimata/AR Under these circumstances, it is critical to have reliable
values ofk; and k.. As anexample, taking the values for mass accumulation rate at CRMS022&e€
Table F2), suppose a sediment diversion becomes operationalchexcessive inundatiorreduces
organic matter accumulation buthe diversionincreases mineral matter accumulation. Those values
would then need to be taken and translated int&Y ARto simulate the impact of the project on the
receiving wetlands In this example, the original OMAR (0.0666 cm2 yr?) is reduced 35% to 0.0433
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g an2 yri, and the original MMAR (0.106'g cm?2 yrl) is increasedtenfold to 1.0670 g cm2 yr! (Table
F3).

Table F3. Example of applying the ideal mixing model to derive vertical accretion
rates from mass accumulation rates from a site with perturbations. Mass
Accumulation Rate is divided by Self -Packing Density to calculate Vertical

Accretion Rate (VAR) for soil components. The VAR of the soil components are
summed for Total VAR.

Soil Component Mass Self - Packing Vertical Accretion
Accumulation Density Rate
Rate (k1ork 2,gcm-=3) (cm yr-%)
(gc m-2 yr-t)

Organic 0.0433 0.0757 0.5720

Mineral 1.0670 2.106 0 0.5067

Total 1.1103 1.0787

Under this hypothetical scenario, the maal predicts a roughly X% increase over the baselin¥ AR
The accretion component derived from organic matter accumulation would decrease, but that
decrease would be offset by a coincident increase in mineral accumulation that resulted from
increased sedinment supply.

4. COMPARING IDEAL MIXI NG MODEL AND APPROAC H OUTLINED
IN CONCEPTUAL MODEL

Continuing the O0Osedi ment diversion into CRMS022506 exsz:
outlined in 2012 and 2017 ICM, whereby the TMAR is divided by BD to obtain the V&R new (post

sediment diversion) total mass accumulation rate of 1.1103 g c#yr! is divided by the measured

bulk density 0.1561 g cm?3, giving 7.11 cm y#. In reality, that bulk density would increase with the

new mineral matter going in, decreasipthe volume and accretion accordinglypetermining howBD

would changeis challenging; fortunately, e ideal mixing model gets around this issue (sd€igure

10).

This new (possediment diversion) BDvalue from Ejuation 2 couldbe calculated as
00 ——— (F1)

which giveBD= 1293g cm?®(compared to themeasuredpre-sediment diversion value of
0.1561 g cr). Clearly in that exampl&D would increase in response to the manipulation, and
the ideal mixing model estimates the new value.
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5. COMPARING OBSERVED V AR WITH VAR PREDICTE D BY THE
IDEAL MIXING MODEL A T CRMS SITES

The CRMS accretion data and the 2018 soil survey datasgere used totest the utility of the ideal

mixing modelapproach.Adepth-averaged value of soil propertiesnatched the plotset 1 (PS1)

accretion values (accretion rates derived from the original feldspar marker horizaeployedfrom

2006 to 2009). The rates wereassumed to beconstant through time, not only during the

measurement period, but also before (and after, in a few cases where the PS1 plots were abandoned).
This assumption allowed for truncating soil property profiles godepth of 24 cm that corresponded

with the time of the PS1 marker horizon deploymemis a coastwide averageto facilitate an expedient
proof of conceptanalysis A finalized analysis would include the matching of PS1 accretion depth and
corresponding depth of soil properties on a sitky-site basis.

Using the CRMS data and assumptions described above, OMAR and MMAR were calculated from
measured BD, LOI, and PS1 VAR$1eOMAR and MMAR were then divided kyand k», respectively,

to provide modelled organic and mineral components of VAR wsll as TVAR (OMAR + MMAR). The
modelled TVAR values were then regressed against the CRsI8spar VARs (Figurgl).
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Figure F 1. Modeled versus observed total vertical accretion rates from CRMS
sites.

The dots arevalues usedin the regression of mod#ed total VAR (left vertical axjsagainst the
observed feldspar VAR (horizontal a¥i§-igureF1). The color of the dot is an indication of the organic
matter content (via loss on ignition) for the sample (color bar). Thewas 0.74, with a slope of 0.95,
indicating that the model reliably predicts overall accretion, with a slight underestimate of around
2.5% (on average). There may be some explainable reasons for this underestimasioch as
compaction of soil properties, which would have the overalfffect of increasing the density of the
samples, and hencek; and k;, thus decreasing the volumekaccretion rates
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