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Executive Sum mary

Louisiana contains overthird of the coastal wetlands in the contiguous3J but has seen a drastic

reduction in total wetland area in the last centuryhis loss is especially troubling for coastal Louisiana
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conditions,coastalwetlands will move upland with rising sea level or sinking.ldtowever, engineered

structures and shore armoringuch as levees, seawalls, and bulkheadpede this processAdvanced

planning for wetland migration is needed to keep commusitad infrastructure out of har@ way from

encroaching open water and to mitigate future wetland lo$his project investigasthe potential for

wetland migration in Louisiana through 1) the mapping and analysis of coastal wetland migration and 2) an
examination of policwlternativesrelevant to wetland migration.

Wetlandloss andmigrationwere analyzedn Lafourche,St. Mary and Vermiliorparishes sing the Sea Level
Affecting Marshes Model. Moderate and less optimistic values of subsidence rateswdeled with

constant global sea level rise projections to identify impacts of dike and levee protection on wetland loss
and the upland migration of coastal wetlands. The percent of wetland loss offset by wetland migration was
calculated for eaclparish in an effort to aid in management decisions. It was found that wetland migration
into dry land areas did not occur in any of the three parishes unless dike and levee protection of undeveloped
dry lands vasremoved. The intensity of subsidence ahd distribution of dry land greatly impact the

overall benefits of allowing coastal wetlands to migrate into dry lands. This observation was exemplified in
Lafourche Parish, which has a limited distribution of dry land and was modeled using higheerscibsades

than those found in both St. Mary and Vermilion parishes. Not only was the net loss of wetlands greater
when dike and levee protection was removed in Lafourche Parish, but the total amount of wetland gain by
means of wetland migration was incaple of offsetting a significant amount wetland loss.
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Master Plan for a Sustainable Coast. An exploratory model was created to assist coastal managers and
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was constructed using five main criteria and six different policy alternatives. Policy criteria included wetland
migration, flood risk, equity,daptability, and political feasibility, and the policy alternatives assessed were

rolling easements, density restrictions, transferable development rights, conservation easements, defeasible

estates and voluntary acquisition. Applying the policy modstenarios where dike and levee protection is

removed reveals that rolling easements would only be appropriate in Vermillion or St. Maryesavistre

potential for wetland migration is high. In Lafourche parish, where potential for wetland migratmm,ia

emphasis on minimizing flood risk suggests that transferable development rights would be the best

alternative to pursue. Applying the policy model in areas where dikes and levees are present also favors
transferable development rights as the optihmolicy alternative. Moreover, this final demonstration
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while also adapting to changes in flood protection planning.
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Introduction
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The Mississippi River drains overpicentof the conterminous s into an estimated 4,680 square miles of

wetlands along the Louisiana coé€buvillion et al. 201,1).S. EPAQ2). This exceptional landscape is

NEFSNNBR (G2 a a! YSNAOIQa 2SGftlFyRé RdzS (2 GKS AYYSy:
makes to the state of Louisiana and the nationasawhpl@ dzA & A I y I Qa ¢S Gf | yR&In LI | & |\

protecting vulnerable communities and highly valued infrastructure
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for birds, passes directly over coastal Louisiana where wetlands functemessential temporary habitat

for millions of migratory birds each ye@drA Department of Wildlife and Fisheries 2p1Additionally 17
endangeredandthreatened species inhabit soutllisiana including the bald eagle, Gulf sturgeon, Louisiana

black bear, and several species of sea turf@®RA 201)aThis ecologically rich landscape holds great

intrinsic valuebut it also creates jobs and meational opportunities associated with birding, hunting, and

ecotourism that contribute nearly 1.5 billiodollarst & ST NJ {2 { K $LA BDepartinéhtbh S O2y 2 Y e
Wildlife and Fisheries 2006

By providing shellfish habitat and nursery habitat for juvenile fish, the wetlands of Louisiana support

commercial and recreational fisheries that contribute over 4 bildolarsand more than 45,000 jobs to

[ 2 dzA & A Iy | (QDepfrdrenf @ Widlife and Fishesi200§. ¢ KA & Ay Of dzZRS& GKS yI (A2
shrimp, oyster and blue crab fisheries that, along with finfish landings, represent more thman@htof the

commercial fish landings by weight in the lower 48 stété$. Department of Commerce 2Q08ouisiana

marshes also provide habitat for alligators tipsibduce an annual harvest of over 100 milladwilars(LA

Department of Wildlife and Fisheries 2006

[ 2dzAaAL Yyl Q& O2Fadlf ¢SiGflyRaE LINRPGDARS ai2NY &dzZNEHS LINI
energy and shipping infrastructur& he network of eargy facilities located along the coast produces or

transports over 3@ercent2 ¥ G KS Yy I GA2Yy Q& 2Af | y PerédhtBT aWABI Bl & ¥RY Q3
refining capacitfLA Department of Natural Resources 2P01Dhis includes nearly 9,300 miles of pipelines

that cut across coastal marshes in every direc{oRRA 201)aFive of the fifteen busiest ports, ranked by

total tons, are located in Louisiana representingog®cent of annualU.S waterborne commerc€USACE

2009.



Wetlands, which are omnipresent across the Louisiana coastal landscape, provide the setting for culturally

unique communities For over 12,000 yearthe natural resources found along the coast have allowed many
civilizations to proger, including the Chitimacha Tribe who has inhabited the area for at least 2,500 years

New Orleans was founded 300 years ago and quickly became a center of international commerce, attracting

people from around the worldToday Louisiana has the hightggercentage of native born residents of any

state in the natior(Ardoin et al2007). [ 2 dzA & A | Y | Q Zprovids prétdctioriRiar residertia

communities As 0f2009, over 2 million residents, nearly pércent2 ¥ G KS a il 6 SQa LI Lddz | G A ;
coast(U.S. Census Bureau 2009These proud, deeply rooted coastal communities depend on a healthy

buffer of wetlands for their livelihood, protection, and cultural identity.

A History of Land loss
Nearly a century of coastal land loss has severely threatened the existence of thi§lif@§ Louisiana is

home to 37percentof the coastal wetlands in theoterminousU.S, yet it has seen a drastic reduction of

1,833 square miles since the 1930ghis reductiorin wetland ared 002 dzy ia F2NJ Hp LISNOSy
totalwetland losRdzZNA y3 G KIF G GAYS | yR |y | &0 oagtd®RwWeyfaRd lapst1 LISNDO Sy
(Couvillion et al. 2011 Given the importance of wetlands to the vitality of locally and nationally significant

assets, this trend is a state crisis and a national emerg@RRA January 2012Nhile the rate of loss has

slowedfrom nearly 40 square miles per year from 1956 to 1@a&ras et al. 20080 16 square miles per

year from 1985 to 201(Couvillion et al. 200)1a continued net loss is likely

Sources oWetland Loss
There is no singular cause for the current state of wetland I8ssong the chief threats ani@vasive species,

storm damagesaltwater intrusionhuman disturbancesndland subsidence.

Invasive speciedike the Nutrig contribute to wetland lossNutrias Myocastor coypusare herbivorous
South American rodents that feed on wetland plant$ese rodents degrade freshwater and brackish
YFENBEKSAa RdAzZNAYy3I |y aSI G 2dzi Shese@®nidican leadd fidithey 3 1 K21 S A\

deterioration and increased erosion of marsi{€sarter et al. 1999

Large storm events can be considerably destructive to coastal wetlanotenlyas a result ofvind and wave

erosion, but alsalue tosediment deposition Over a four year period (20€2D08), hurricanes Katrina, Rita,

! Coastal population calculated from the sum of the populations of the 19 coastal parishes: Assumption, Calcasieu,
Cameron, Iberia, Jefferson, Lafourche, Livingston, Orleans, Plaguemines, St. Bernard, St. Charles, St. James, St. John
the Baptist, St. MartinSt. Mary, St. Tammany, Tangipahoa, Terrebonne, and Vermilion.

®For coastal Louisian&tS G SNXY aflyR f284¢ Aa 2FGSy dzaSR Ay iSNOKIFy 3¢
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Gustav and lke resulted in an approximbiss of 328 square miles of marsh, which exceeds the amount of
total loss occurring over the previous 25 year period (129@84)(Barras et al2008 Barras 200p Sediment
accumulation on wetlands during large storms and hurricanes can be considerably destructive to coastal
wetlands(Baumann et al. 1984€ahoon et al. 199Barras 2005 In 2005, Hurricaes Katrina and Rita
deposited over 5 centimeters of sediment across large areas of coastal weflamder et al. 206). Though
this sediment accumulation was @@rcentof the average accumulation in healthy marshes on the Deltaic
plain (Turner et al 2006), the combined impagtdurricanes Katrina and Ritasulted in an approximate

217 square ntés of land losgBarras 200%

Saltwater intrusion is the process by which sal@vdtom the ocean slowly encroaches on theface soils
andgroundwater suppliesf freshwater areagUSGS 2008 Storm eventdjdes, or a rise in sea level can
move saltwater higher in the estuary couggcoastal lands As saltwater moves farther up the channel,
plant species growing in brackish marshes are placed under increased(Beéssine and Peseshki 1994
Increased stress can ultimately kill marsh plants, thus increasing the risk of erosion and human efforts to

ameliorate the problem

In 1927, a devastating flood set in motion a series of events that would chaedstlisiana coasiRains
exceeding 10 times the yearly average of the Mississippi River Valley caused one of the worst floods in
history. The floodcovered an area equal to the size of Massachusetts, Connecticut, New Hampshire, and
Vermont combined In certain places, the river was a record 70 miles widabrose 2001 In response to

the flood, throughout the 1930s antbP40s the US Army Corps of Engineers (USACE) built extensive levees
and other flood prevention systenfdmbrose 20010CPR 20)1 The development of levees offered far

better protection for homes and agricultural lanéHowever, a major tradeofif this protection involves the
disruption of sediment flow across the landscaf@ams built along the Mississippi River halsoreduced
sediment loads by up to Sfkercent therebyreducing sediment delivery to coastal wetlands in Louisiana
(Blum and Roberts 2009Additionally, #erations to the natural landscape in favof navigation and natural
resource production, such ahannelization of the Mississippi River and canal dredging, exacerbate wetland
loss as well The increase in the number of canals within coastal Louisiana can be directly correlated with
land loss, Wich ultimately leads to an increase in the amount of open water and additional wetland dieback

along the marsh edggBass and Turner 1997

Subsidence, or the sinking of land, is another source of wetland loss and a core topic of discussion within this
report. Subsidence results in a change in flooding intensity and salinity thus potentially affecting coastal
marsh plants and subsequent erosional proce¢Pet aune and Peseshki 199%arious causes of

subsidence include tectonic activity, sediment compaction, and subsurface fluid extrésldnet al. 201}
11



Sediment compaction is often cited as a large contributor to subsidence in coastal Lo(Mezhal et al.

2006 Torngvist et al. 2008 However, subsurface fluid withdrawal of natural resources hsigrificant

influence on subsidence rateRecent work has demonstrated a close link between subsidence rates and
subsurfacdluid withdrawal (specifically oil and gas hydrocarbons), and the decline in oil and gas production
may be responsible for recedecreases in subsidence rai@éorton and Bernier 201,Kolker et al. 2011
Additionally, the effects gbrocessesuch as gleial isostatic adjustmerttave recently been quantified at
roughly an order of magnitude smaller than previously estimg¥det al. 2012 The extent to which these
different processes contribute to totaubsidenceand the spatial heterogeneity of these processes leads to

large variability in the subsidence rates across the coastal land¢€apkel).

TABLEL. RANGE OSUBSIDENCE RATES BEO®ATEGORIES @BBSIDENCBROCESSKEYUILL ET AI2009).

Subsidence Process Range (():nlrieﬁﬂ?ed Rates Representative Area Affected

Tectonic/Fault Bps 0.1-20.0 Coastal regions, continental margins,
Holocene delta

Holocene Sedimentdinpaction 1.05.0 \I;g)lllgsene delta, lower Mississippi Rive

Sediment bading 1.08.0 Holocene delta, lower Mississippi valle

FluidWithdrawal Up to 23 Coastal Regions

Glacial Isostatic Adjustment 0.62.0 Gulfregion

Surface Water Mnagement 0.1-10.0 Developed wetlands

Climate Change

In 2005, atmospheric concentrations of the greenhouse gases carbon dioxide and methane exceeded the
natural range of concentrations from the last 650,000 y¢l?€C 2007ja Global increases in carbon dioxide

are due primarily to the use of fossil fuels and changes inlesed Anthropogenic soures are not the only

cause of climate change, but they have produced inputs into the global system that have accelerated the
natural process! ROl yO0Sa aAryO0S (KS LyGSNEB2GSNY YAsessindnt t | y St
Report show anthropogenic influences extend beyond average surface temperature to other aspects of the

climate includingsea level rise§LRand increased temperature extrem@®CC 2007ja

Global warming contributes to rising sea level by thermal expansion of the ocean and export of water from
melting terrestrial icdRahmstorf 2007Church et al. 200&Nicholls and Cazena2910. The IPCC predicts

that global sea level will rise between 18 and 59 centimeters by the year(l2OC 2007jaMore recent

models suggest that, over the next centugjpbal sea levedkill easily exceed one meter with some sources

setting the upper bound as high as two met@Rahmstorf 200,/Pfeffer et al. 2008Grinsted et al. 2009

12

2)



| 26 SOSNE GKS Lt/ / Qa lFaaSaaySyid R2Sa y2d4 Fdd4GdSyYLI
feedbacks, due to a lack of informatioRor this reason, the IPCC 2007 estimatesbearonsidered

conservative Recent trends in high precision satellite data for the years of 1993 to 2009 suggest that the ice
sheets are indeed melting at a faster rate and have surpassed thermal expansion as the primary driver of
global SLRNicholls and Cazenave 2QRignot et al2011). Therefore, recent modeig that puts forth a

range of ongo two meters is feasible and should be used as an upper bound when planning for adaptation.

The set of forces driving regional SLR is different than what dictates SLR on a globaldsisateaale up of
three mechanisms: meteoceanographic factors, which includes rates of thermal expansion, changes in
longterm wind and atmospheric pressure, changes in ocean circulétian et al. 201)) changes in the
regional gravity field of the Earth, and vertical land movemgitholls et al. 2011 Therefore, localized SLR

models will be needetb accurately account for local SLR along the Gulf Coast and Mississippi Delta region.

Adding further complexity to SLR modeling is that-bmatic forces from both human and natural causes
can overshadow any estimation giobal SLRGSLR)It is often difficult to separate the impact @SLR,
subsidence, and accretion on the overall change in land and water levels and many researchers have
combined the two factors under the term relative sea level rise (REbR¥siana Wetland Protection Panel
April 1987%.

The impact of RSLR is greater than thaadfwater intrusion as it has a direct negative effect on wetlands

The amount of open water seaward of a wetland plays a large role in the erosion rates for that wéttand

the fetch increases, wave activity will increageis increase in wave activiworks to speed wetland erosion
(Smith et al. 2010 A second cost afsingsea levels is the salizdtion of estuaries and freshwater systems
(IPCC 20a3), further accelerating saltwater intrusiormherefore, RSLR poses a threat to wetlands in coastal
Louisiana not only because of its degenerative effect, but also due to its capacity for enabling other naturally

degrading processes

Migration of CastalWetlands in Response to RSLR

A common conceptual model of wetland processes is that marsh surface elevation will change in response to
RSLRCahoon et al. 2009 Specifically, a coastal marsh will survive if it builds vertically at a griaieor

equal rate toRSLRHowever, if it builds vertically at a slower rate then it will gradually become submerged

and convert to either amiertidal mudflat or open wate(Cahoon et al. 20Q9 If a marsh is successful in

building vertically theniK & (G KS 2 LR NIdzyAde (2 aYAINIGSe Aytly
the land is not too steep and there are no m@rade barriers impeding its movemef@ahoon et al. 2009
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Goastline development and land use practices can limit the padépland migration of coastal wetlands
Hardened structures, such as dikes, levees, or roads, can impettind migration into dry land area#\
1989EPAstudy on wetland vitality in the Midtlantic region found that 6Bercentof the wetlands would
convert to open water with a 7@entimetersrise in sea levellf shoreline armoring were allowed, it would
result in a complete loss of wetland®n the other hand, the study found that only g&rcentof wetlands
would be lost ifmigration was allowed onto undeveloped lands, and onlpé&entwould be lost if

migration was allowed onto developed lan@ark et al. 198p

A more thorough treatment of both wetland migration and policy development are found in the geospatial
analysis and policy analysis sections below. This section is simply mékustrate the basic process of

wetland migration and the potential for wetland loss mitigation with an effective migration policy.

14



GEOSPATIAL ANALYSIS

Objectives

The geospatiagD 2 YLIR2 Yy Sy i 2F (GKS LINRP2SOG Aa F20dzASR 2y Y2RSft A
the effects of futureGSLRind subsidence, and identifying corridors for the migration of wetlarhdstead of
Y2RStAYy3 [2dzA aA yI Qay dppfaach N&s usedllcving fdr fiesSuse of fineDresbl@iond G dzR
data and model calibratianThree coastal parishes were chosen for the variety of physical characteristics

they encompass and modeled using the Sea L&fietting Marshes ModdSLAMM) Wetland landcover

change wasnodeled under several different rate$ GSLRNnd subsidence scenariés each parish byhe

year2100 Parishspecific estimates for coastal change by 2100 and migration corridors are presented in

mapand tabularform forthe CPRAR ¥ [ 2 dzorsilldrayion Q future management plans of the Louisiana

coast.

[2dz7\é7\|-)/I-Q(§1 /2}I-é[']ﬁl-fAtfl-7\VYé . ] § ]
[2dzA aAl ylQa O2lault 12yS Aa O2YLINAAaSR 2F Uug2 RAAUAY(
southwestern part of the state and the Delta Rlai the central and southeastern part of the stékggurel).

The Chenier and Delta plains have distinct geological histories that result in different obsssedf

erosion, accretion, and subsidence in each region

The Chenier Plain is formed by a series of prograding mudflats intermittently reworked into sand and shell
ridges(Penland ad Suter 1989 Historically, the Chenier Plain was supplied by longshore transport of
sediment from the Mississippi RiveFhis accretionor accumulationof sediment created the ridges and as

the river shifted and abandoned a delta, sediment dejiweould decrease and the shore would retreat

Today, the Atchafalaya diversion supplies sediment to the Chenier Plain via longshore sediment transport
(Buster and Holmes 2001Though a different system, and subject to different physical constrahmws,

Chenier Plain is intrinsically linked to the Delta Plain and the sediment load of the Atchafalaya and Mississippi

Rivers.

In contrast to the Chenier Plain, the Delta Plain was formed by the deposition of sediments from shifting

courses of the Missiggdi River(Britsch and Dunbar 1993The mouth of the Mississippi River has shifted

paths several times over the past 6,000 years resultingin 14d3ti f 20 Sax Ay Of dzZRAy3 (G KS
Foot lobe(Frazier 196). The Mississippi River hasdn estimated to deliver 6.2 million kilograms of

sediment to the Gulf of Mexico annuall@oleman et al. 1998 Historically, this sediment was distributed

around the current lobe and spread across the plain resulting in the creation of the marshes and swamps that

now make up the eastern coastline of Louisi@@&PR 20)1 However, with the construction of dams,
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levees and dikes, sediment flow has been disrupted in the Delta Plain leaving this area of the coast highly
vulnerable to subsidenceAs a result, portionsoktS 5SSt G+ tfFAy I NBE O2yaAiARSNBR da

have reduced or no fluvial activity any longstac et al. 1998

This local variability producesvariable and largeange ofsubsidenceatesthroughout the coas{Syvitski et
al. 2009 DeMarco et al. 2001 The geology of each region plays a critical role in mod8&lirign coastal
Louisiana While SLi largely driven by GSbR the Chenier PlajfsLRn the Delta Plain is driven by RSLR

due to the high subsidence ratésund in this area of the coafonzalez and Torngvist 2006

Chenier Plain
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FIGUREL. LOUISIANAS COASTALPLAINS.
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Site Selection
The three parishes usddr the case studyVemilion, St. Mary and Lafourchewereselectedbased on thé

differences igeomorphologyandlandcover(Figure2 and Table2).
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FIGURE2. THREE PARISHES USER SPATIAL ANALYSIS
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TABLEZ2. SUMMARYCHARACTERISTICS OF EAGARISH

Lafourche St Mary Vermilion
Coastal Plain Type Inactive Delta Active Delta Chenier
2000 Population 89,974 53,500 53,807
2010 Population 96,318 54,650 57,999

Education and health

Fishing, Oil and Gag care, manufacturing, Education and health

Main Industries care, agriculture, and

and Agriculture entertainment and .
. retail trade
recreation
Area (sgaremiles) 1,468 1,118 1,538
%Wetland Cover 46% 3% 32%

Irregularly flooded Irregularly flooded

Top 3 Landcover
Typeqdecreasing
order)

Swamp, adeveloped
marsh, undeveloped dry land, and tidal marsh, undeveloped

dry land, and inland dry land, and inland
fresh marsh
fresh marsh fresh marsh

Lafourche Parish
Lafourche Parish is the most populated of the thpagishes within this studgnd is home to 96,318 people

according to thdJ.S. Census Bureau (20.1Thisisan increase of 7.percentfrom the 2000U.S Census

[ F F2dzNOKS tFNARAKQa LIRLMz A2y A& O2y OSwyhicNdtypiBaR | f 2y 3
in southern Louisiana as the edgddamd along the bayou often are the highest elevatiomhis is visible in

the figure below where the dry land areas are centered in the middle of the parish and imatvefsllowing

the path of the layou(Figure3). In addition to this traditional distribution of the population, Lafourche

Parish has a concentration around the city of Thibodaux in the northwestern part of the.p@histctity of

Thibodaux occupiesughly 2.50ercentof the parish, yet is home to over 20,000 residefafourche Parish
Government 2012 As Thibodaux is far inland, it is fairly dry and currentlyrisosnded by mosil dry

undeveloped land

[ F F2dzZNOKS Q& LINR YLl NBE Ay Rdza i NA SHBort FoNEhorFlacatédinyhd > 2 A f | YR
southern part of Lafourche pariskerves as the base of operations for over 250 companies, including

Louisiam Offshore Oil Port (LOOR)OOP handles Jfercentof domestic oil, 1percent2 ¥ G KS y I GA2y Qa
foreign oil, and is connected to B@&rcentof the US refining capacity Port Fourchon is a vital playertime

YEGA2Yy Qa 2Af furyisRingTbltedl 8 pedbBtdl trOdmxy20yNE Qa 2 Af a@dallx &> | yR
percent2 ¥ (G KS Ddz ¥ 2F aSEAOFRGreRkS Gafadrdhel RTCommigsion I8 R dzOG A 2 v
Lafourche Parish lies just east of the Mississippi River and sits ¢meitteve Delta Rin. Thus this location

leads to higher rates of subsidence than eitherMkry or Vermilion grishes For this analysigreas north

of Larose were assignedghier ratesof subsidence than areas southLarose
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FIGURE3. OVERVIEW MAP OEAFOURCHHPARISH
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St.Mary Parish
St. MaryParish idocated in theActiveDelta Plain and iflome to the Atchafalaya Riv@elta whichis

considered one of the few placé@sthe Delta Plain thas actively accreting s@dent (Couvillion et al. 2011

The Atchafalaya River contains the 5th largestimentdischarge of any river in North Ameri@zord and

Nyman 201). Although the inflow from the Red River and Mississippi River is highly managed, the
Atchafalaya River encompasses an extenfioaglplain, whichprovides a variety of ecological services
Sdiments carried by the Atchafalajver drive the growth of the Atchafalaya River Delta and the Wax Lake
Outlet Delta(Ford and Nyman 20)1

Regardless of the actively accreting sedinfeoin the Atchafalaya River, the rate of subsidence throughout
St Mary Parish is estimated to be between 5 anehilimeters peryear(DeMarco et al. 2011 However,

there are some areas thare an exception to parisWide subsidence rate estimate§or example, there is a
small area of flotantor floating,marsh located east of the Atchafalaya River Dédasser et al. 1996

Flotant marshes are thought to be resilient with the onset of rising water Ighetare vulnerable to
changing water parameters such as salif@gsser et al. 1996Additionally, a small area in the western
portion of the parish contains the Belle Isle Salt D¢Figure4), which has an estimated uplift of about 2 to

3 millimeters peryear(DeMarco et al. 2001

The largest city in SMary Parish is Morgan Cifffigure4), whichlies alongside the Atchafalajgiverand is
protected by leveesAccording to the2010 US Census, the total population Bt. MaryParishwas 54,650
and has increased by 2pkrcentsince the 2000.S Census Dominant industries withiist. MaryParish
include educational servicelsealth care, manufacturing, entertainment and recreatiddccupations in
agriculture, forestry, fishing, hunting and mining account for roughlgeli@entof the civilian employed

population (US Census Bureau, 2010).

In terms of landcovelSt. MaryParishis mostly composed of swamp, undeveloped dry laantt tidal fresh
marsh Table2). Undeveloped dry lands are primarilged for agricultureRigure4). Only 4percentof St.
MaryQad G201t € yRO2 @SINdrefisi@an eRtSn@id fsyatedSorlevees.dnd dikiesyrhin the
parish boundarieswhich protect both dry lands and someshwater wetland areas from flooding waters
St.Manpa f I yRO2 @S NI (pereeatiedands; fresAwater anarslzés amdwamps constitute the

dominant wetland types of this area of the coast
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Belle Isle Salt Dome
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Vermilion Parish
Vermilion Parish is home to 57,999 people as of the 208)3&nsuswhich representa 7.8percent

increase irpopulation siwe the 2000 CensusVermilion is thet a 2 & (1 lacke édzslithaccordingo U.S
Census records with nearly p@rcentof Vermilion citizens claiming Caj(Mermilion Parish Turist
Commission 2012 The major towns and cities in Vermilion Parish are concentratedlimasiana Highway
14 in the northern part of the parishThe parish seat is located Abbeville, which has a population of
12,257 resident$U.S. Census Bureau 2010

The major cities in Vermilion parish are surrounded by undeveloped dry land that is agrétlyitual lands
(Figureb). As of 2011, Vermilion parisiontainedthe third largest rice acreage area in the state of over
51,000 acre$LSU AgCenter 201+ SNX A f A 2 ¥ Q &s axeledugatiohay/ edithcardlJnd social

services; agriculture, forestry, and fishing; and retail trade

Adjacent to White Lake is the White Lake Wetland Conservation Area that includes 71,000 acres of marsh and
wetlands(LA Department oildlife and Fisheries 201.0Vermilion has twgorts, whichare eachlocated

along Vermilion BaylLocated just south of the citig the Abbeville Harbor and Terminal District, in whitah
O2Fadlrt LR2NIQA YIAY Ayo ggappiesiLycRedddad beianytRern@ibiNE 2 & | NB
parish line is the Twin Parish Port District that is home to the Delcambre District Seafood market where

consumers are able to purchase seafood direct from shrim{i&PRA 201).c

Vermilion Parish icated in the Chenier Plaiandthushas the lowest subsidence ratesthe three

parishes in the case study
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Geospatial Model Summary

Overview of SLAMM
The Sea Level Affecting Marshes Model (SLAMMDpial ¢ghat enables the user to assess the impacRBLR

on coastal habitatsRSLR is determined within SLAMM by the inclusion otpiteific data such aates of

subsidence or uplifthistoric trends 6GSLR, and the projected rate of futUBSLR

Requiredspatialinputs for the model include elevation, slope, and wetland data in ASCII raster format
Optional inputs include dikeoverage percent imperviousurfaceandlocaluplift or subsidence data
Additionally,site-specificparameters such as tide range, salt elevatimaysh erosion andccretion rates,
and historicalGSLR trends can be specified within the mode$LRscenariosnay bebased on IPCC
projections or definedyy the user SLAMMoutputs both tabular and Gl8ata,which display habitat and

shorelinechange for a desired year or series of years

SLAMM has been in development since the-a880s and has been utilized in various studies within tige U
and abroadPark et al. 1989Clough 2010Akumu et al. 2011Clough et al. 2001 The versiorcurrently
available and used in this particular study\SLAMM 6.0Within SLAMM 6.0, there are six primary processes
that affect wetand fate in response t&SLRClough et al. 2010

1. Inundation Asthe salt elevatiorandwater levels rise, minimum elevati@nd slopeare
used to calculate inundatioof landon a celtby-cell basis Values for accretion and

subsidence rates are used to calculate any additional change in elevation

2. Erosion The proximity of a cell to open water and the fetch, or the unobstructed distance in
which wind can travel over open water, are used to determine an erosional threshold
Within SLAMM 6.0, once a fetch threshold ofil@rketersis breachedconstant erosion will

occur based on useatefined erosional rates.

3. OverwashOverwash is the unidirectional movement of water and sediment over a beach
crest typically observed after@tm events(USACE 2004SLAMM assumes that barrier
islands 500 meters or less in width will ungeroverwash within a usatefined time
frequency Wetlandslocatedon the leeward, or lower energy, side of barrier islands are
thought to be vulnerable to conversion due to this flow of water and sedim&ediment
transport and beach migratioare calalated within this modeprocess The frequency of
overwash in yearand an additional value of beach sedimentation ratemyr®) may be

adjustedsite-specifically
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4. Saturation The migration of coastal wetlands onto adjacent uplands can occuressik of
the water table rising with sea leveHowever, SLAMM is not a hydrodynamic model given
that saline inundatiorwithin the modelmay only occur if a cell is connected teatwater
source based on an eigitded connectivity algorithmThere isan option within SLAMM 6.0
to utilize a soil saturation feature in which the water table will rise with rising sea levels
Unfortunately, this featureesultsin streaking within the finatnodeloutput producing

guestionable resultsThus this featurewas not used within this study

5. Accretion Accretion involves the upward growth of marshes as a result of the accumulation
of sediment and biomassThis process may be intensified by the type and amount of above
andbelowgroundvegetative biomaséMorris et al. 2002 Accretion within a specific site
may vary significantly according habitat type and biomasglevation, tidal range, salinity,
and proximity to rivers or tidal channelSLAMM calculates the accretion of a site based on
a function of cell elevation, proximity to river or tidal channels and a-dséned accretion
rate according@ marsh type Marsh typeghat are assigned accretion rates within SLAMM

include regularly flooded, irregularly flooded and tidal fresh marshes

6. Salinity A new addition to SLAMM 6.0 is the salinity modehe salinity model is an optional
feature in whichthe usercan defind8 a K¢ G SNJ Ff 264 | yR GKS &f 2LJS
wedge within the study areaSalinity is thought to significantly affect wetland persistence
and migration with rising sea levelslowever, the use of the salinity model is not currently
encouraged by th model creators without closer collaboration with SLAMM experts as it is
still experimental and hypothetic§Clough 2012 Therefore, the salinity model was not
utilized within this study although there asggnificant freshwater flows within the study

area.

These six processes are the basis for an intricate dedigienwhichdetermines the conversion of wetland
classes All landcover classes are assignedrage of elevations in which they fall under and those ranges
may beedited within SLAMM 6.01t may be necessary to edit minimum elevatidios some freshwater
marsh areas in whicturrent areasmay fall below the default setting (Clough 201&2nce inundated and the
elevation of a cell falls below the assigned minimum elevation for its assignealandiass, certain areas
will undergo conversion to another landcover typgexceeding the fetch threshold will result in a different
type of conversion for some landcover typdsor example, once cells assigned to the swamp category fall

below the assiged minimum elevation and there is no constant erostbiose cells will convert to
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transitional salt marshTable3) (Clough et al. 200 However, under constant erosion and inundation, cells

assigned to the swamp category will convert to tidal flat (Clough. é2G10)

TABLE3. ASSUMPTIONS OWETLANDCONVERSIONN SLAMM.

Original Landcover Conv_ersion T.O anversiqn To
(only inundation) (with erosion*)
Transitional salt marsh, ocean

Dry Land beach, or estuarine beach, Tidal Flat
depending on context

Swamp Transitional salt marsh Tidal Flat

Cypress Swamp Open water Tidal Flat

Inland Fresh Marsh Transitional salt marsh Tidal Flat

Tidal Swamp Tidal Fresh Marsh Tidal Flat

Tidal Fresh Marsh Irregularly Flooded Marsh Tidal Flat

Transitional Salt Marsh| Regularly Flooded Marsh Tidal Flat

Iregularly Flooded Regularly Flooded Marsh Tidal Flat

Marsh

Regularly Flooded | 1 o Tidal Flat

Marsh

Mangrove Estuarine Water Estuarine Water

Ocean Flat Open Ocean Open Ocean

Tidal Flat Estuarine Water Estuarine Water

Estuarine Beach, Ocea Open Water Open Water

Beach

*Erosion will occur if a cell is adjacent to open water and the fetch is > 9km.

Limitations of SLAMM
As with any model, theesults are limited by thavailability of quality data andhe inability of the model to

account fora complexity of processes that mayroay not be fully understoadHigher resolutionor finer
scaleelevation data from a recent date is one of the most important inputs for this model as the
vulnerability of coastal wetlands to SLR may be determinedraghly localizedcale Using finer resolution
landcoverdata from an analogous date to that of the elevation data will improve the model resttsere
will be fewer discrepancies between the datase@n the other handif lower resolutiorelevaion and
landcoverdata that vaiesin date is used it is possible for the user to implemambol within SLAMM called
the elevationpreprocessor The wetland preprocesseadjuststhe landcover data so that landcovelasses
fall within the defined &evation ranges defined within the model parametefhis process simply aligns the
data inputs and commonly results in theassignment of landcover types in certain areas where elevation
values do not match the expected landcovéhe elevationpreprocssordoes not provide as realistic of an

image as would be observed when using higher quality data.

26



As mentioned previously, SLAMM is not a hydrodynamic model nor does it account for other complex
processeselated togeomorphology or increasing intensidy hurricaneqClough et al. 201,@lick et al.

2011). A specific limitation in modeling the Louisiana coast involves effectively modeling the effRR&itRf

on flotant marsheswhich are thought to be resilient to rising water levels and storm activity yet vulnerable
to changing water qualitgSasser et al. 1996asser et al. 200.7Since SLAMM models wetland conversion
based on cell elevatigthe modelis not entirely appropriatéor usein these specific areas of the coast
without the incorporation of a hydrodynamic analysis (Clough.ep@ll1) As will be discussed later in the
Methods and Data Sourcesction of this report, flotant marsh areas modeled within this study were
assigned higher accretion rates to account for the assumed resilience of these areas to risirdoseager,

the observed rates of conv&on of these marsh areas as sea levels rise is limited by a lack of ability to

accurately model changing water quality

Alternative SLRModels
There are several approaches to modeling and analyzing the vulnerability of coastal gstasNizLeod et

al. (2A.0) outline several SLRodels thatdiffer in application according to the objective and scale of the
respective study Models discussed include basic geospatial inundation analysis models, ecological landscape
simulation models, and modetfbat integrate both biophysical and socioeconomic components of analysis

The choice of model is dependent upon the overall objectives of the project as well as the available time and
resources For example, basic geospatial inundation models are inexpensive d&idtgumplement

Although useful to some extent, this type of modeling is limited by its simplicity and oversight of some
principles or necessary final products that other models may off@me government agencies have the

resources to fund more inteinge modelingprojects thatcantackle a more integrated or specific approach

SLAMM was the chosen model for this study due to its assessment dfiltierability of coastal wetland

habitats andts inexpensive implementatianAdditionally, SLAMM offeithe ability to adjust parameters

according tcsite-specificdata. This characteristic is beneficial when modeling the Louisiana coast as local

conditions vansignificantlyacross thdandscape SLAMM has also previoudlgen usedy the National

Wildlife Federation(NWF) to model the effects & [ w 2y O2F a1t ¢SGf | yOaghAy [ 2 dzA
etal 2011) Not only does this provide a foundation for this study, but it also provides an avenue of

comparison and reaffirmation of the Uty of SLAMM for coastal management in Louisiahhis study, in

particular, is similar to what was implemented within @&ugh et al. (20)INWFreport in regads to the

model parameters and data inputs used within SLAM#dwever, the NWF study focuses solely on the

InactiveDeltaic Plaim KA f S (KA A& aiddzReé AYLI SYSyida | Cbastdd aiddzRe 27

plains
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GSLR Scenario Optionsvithin SLAMM
SLAMM provides a selection of pre&SLR scenarios based on IPCC projections that vary in rate and

maximum rise byhe year2100 Each of these scenarios illustrate different futures with respect to economic

growth, global population growth angchnological advancgtPCC 2001 Within SLAMMwhile the rate of

GLSR may remain constatfte extent of the rise by the year 2100 may va&ys LISY RAy 3 2y G KS dza S|
preference The defaultrate of GSLRused within SLAMNMSY 2 RSt SR | T (ASBbximknSscehatid / Q&
(Clough et al. 2000 The A1B scenario reflects a future in which there is high economic growth, significant
technological advances, a global population that peaksaaittury and then declines, and less reliance on

one source of energyfPCC 2001

Forthis study,GSLRatesof 0.5, 1.0, 1.5 and 2.0 meters by 2100 were implemented as requested by the
CPRAThis range oGSLRatesis similar tovalues that have ben usedn previous studiessuch as the
previously discussed NWF 2011 rep@tough et al2011) thus offering the opportunity for future analysis

and comparison.

Methods and Data Sources
SLAMM was used to modehfourche St. Mary and Vermiliorparishesn 30-meter cellresolution data
ForecastModeling of RSLR

Elevation [ata
Elevation data (DEM) was downloaded from the National Elevation Dataset for the most recent year in 1/3

Arcsecond resolution, approximately 4feter square cellsThisdataset was used because it is dated after

GKS Hnnp KdA2ZNNAOFYS aSlkazy OKIAdditiehall, this da@ is bvaiRble@ok | y ISR |
the whole coast To match the resolution of the landcover data, the DEM was aggregated irte 0

square cells using a bilinear sampling technigBpe was derived from the aggregated DEM in units of

degrees

Landcover Data
Landcover data was provided by Brady Couvillion of tifeGkologicaBurvey(USGSat 30-meter resolution

T2 N [ 2 doksdHased dn Q7 landcover informati@ouvillion 201D The landcover classes used in
this data set were reclassified into the appropriate SLAMM categories as shdwahle using best
judgment andfollowing the classifications usexithin the 2011 NWF Repo(€Clough et al. 2071
Aggregation of the different classes of the-@@ter cells results in landcover types and areas showrabie

5 as well ad-igure3, Figured, andFigure5 for each of the three parishes
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Dry land(SLAMM categories 1 an@lig assumedo be protected fromrising sea levelsDue to thisthe dike
file created for each parish encompasses all dry land ar€las dike file is supplemented withSACEevee
data from 2009 and National Wetlands Invent@WI)data for the parishes from the late 1980s; we assume

that anydikes included in the NWI datat are still in useAreas protected by dikes amelveesfor each

parish areshown in yellow ir{Figure6).
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TABLE4. LANDCOVER T&LAMMOCLASSIFICATIONS

USGS Wetland Classification (Couvillion 2010)

SLAMM WetlandClassification

High Intensity Developed
Medium Intensity Developed
Low Intensity Developed
Developed Open Space

Dry Developed Land

Cultivated

Pasture/Hay

Grassland

Bare Land

Upland Evergreen Forestongleaf/Slash Pin@roup

Upland Evergreen ForesLoblolly/Shortleaf Pine Group
Upland Mixed ForestSouthern yellow pine/mixed hardwoods
Upland Deciduous ForesMixed upland hardwoods

Palustrine Forested Wetland (PF¥8puthern yellow pine/mixed
hardwood group

Undeveloped Dry Land

PFW- Bottomland RidgesSweetgum/yellow poplar
PFW - Bottomland- Sugarberry/elm/green ash

PFW - Bottomland- Nutall oak/sweetgum/willow

PFW - Bottomland RidgesCottonwood/willow/Sycamore
PFW - Bottomland- Overcup oak/water hickory

PFW - Swamp- Sweetbay/tupelo/red maple

Swamp

PFW - Swamp- Cypress/tupelo

Cypress Swamp

PFW - Swamp- Red maple lowland
Palustrine Scrub/Shrub Wetland

Swamp

Scrub/Shrub WetlandWax Myrtle
Estuarine Scrub/Shrietland- Black Mangrove

Transitional Salt Marsh
Scrub/Shrub

Palustrine Herbaceous Wetlands (PHWlta splay
PHW- cutgrass

PHW- Maidencane

PHW- thin mat

PHW- cattail

PHW- sawgrass

Inland Fresh Marsh

Intermediate Herbaceous Marsh (IHMjulltongue
IHM - roseaucane
IHM - bullwhip

Tidal Fresh Marsh

Brackish Herbaceous Marsh (BHMjiregrass
BHM- paspalum
BHM- wiregrass/saltgrass/oystergrass

Irregularly Flooded Marsh

Salt Herbaceous Marsh (SHMieedle grass
SHM- saltgrass
SHM- oystergrass

Regularly Flooded Marsh

Water

Estuarine Water
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TABLES. INITIAL LANDCOVER FORARISHES

Lafourche St. Mary Vermilion
Hectares| % | Hectares| % | Hectares| %

Dry Developed Land 36.9 3 29.5 3 33.3 2
Undeveloped Dry Land 186.3 | 13| 139.1 |12| 504.6 |33
Swamp 76.4 5 181.6 | 16 39 3
Cypress Swamp 1616 |11 70.8 6 7.8 1
Inland Fresh Marsh 167.8 |11 44.3 4 77.6 5
Tidal Fresh Marsh 66.9 5 94.4 8 63.8 4
Transitional Salt Marsh 14.3 1 4.8 0 0.2 <1
Regularly Flooded Marsh  70.6 5 3.2 0 8.4 1
Irregularly Flooded Mars 113 8 56.6 5 299 19
Estuarine Water 5742 | 39 4935 |44| 5043 |33
Total 1,468 - 1,118 1,538 -
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FIGUREG. LAND AREAS IN EACH RASH PROTECTED HYKES AND LEVEEGSHOWN INYELLOW).
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GSLR Scenarios
Using the above data and methods, the SLAMM model was run for each parish for the years 2025, 2050,

2075, and 2100 modeling 0.5, 1.0, 1.5, and 2.0 mete@SaR following the direction from the clierthe
F2dz2NJ YIAY {[!'aa aOSyFrNA2& INB | O2YOoAylG4A2y 2F RATS
FYR af Saa 2LJiAYA & GAddtonabrazs viere Rongleied asiptDifHe Sdhsdtivity analysis

(see theSensitivity Analysisection for more informatiop

Historic Subsidenced®e
Subsidence rates fa@ach parish wre provided by the€PRAor both émoderateg | Y R LAt ASYaraa G A O ¢

subsidenceonditions ¢ KS aY2RSNI 6S¢ A0SyFNAR2 O2NNBalLRyRa (2 f2¢
LI NAAK FyR GKS af Saa 2LJiAYAad AThe usdiopdifféréhSralied far Ka8iNJ & dzo & 7
parish followsmethods usedn the 2012 DrafMasterPlan(CPRA January 20%#hd accounts for the variable

subsidence of each parish due to theog®rphic characteristics ¢f 2 dzA & A I Y | Q.&8SubSi@ehcd (i £ T 2y S
rates for each parish and scenario are summarinéthble6. . 2 (i K mdder&tet anddess optimistié

subsidence rates were rumith all GSLR scenarios implemented in this stublyt all land in coastal Louisiana

is subsiding; there are small areas of uplift such as the salt domes located on th&l&ialta

TABLEG6. SUBSDENCESCENARIOS USED FOR@APARISH

Scenario Parish SubS|de_?ce
(mmyr~)
Laburche (N of Larose 12
Laburche (S of Larose 9
Moderate St. Mary 5
Vermilion 4

Laburche (N of Larose 21
Laburche (S of Larose 13
St. Mary 7
Vermilion 6

Less Optimistig

Salt Domes
Southern Louisiana salt domes, referred to as the Five Islands, are all located near the western boundary of

the DeltaPain. These salt domes experienaa absoluteuplift from several kilometers of depttiue to the
geological characteristics amdgtivity of the surrounding and underlying strgtsutin 2003. These domes

are circular in shape and range in elevations from roughly 20 to 50 meters above sed hev€ive Islands

have had a longtanding importance to the mineral resas of southern Louisiana and have been exploited
for the production of rock salt, salt brine, sulphur, oil and gas, and the geostorage of energy reserves (Autin

2002)
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The Belle Isle Salt Dome is located isternSt. MaryParish Figure4) and has an estimated uplift of about 2

to 3 millimeters per yea(DeMarco et al. 2011

Erosion
The erosion rates used were the SLAMM defaults following the 2011 NWF (Epmrgh et al. 2011

Previous research suggests that subsidence has a greater contribution to marsh loss than erosion in coastal
LouisiangMorton and Bernier 2010 For consistency, the same default SLAMM values were used for all
three parishes Values used are showntnedt I NI YSGSNER ¢ aSOlAz2y 0St260

Accretion
Accretion rates used were taken from the 201\WHN report, which were calculatdtbm an average

accretion value for marsh types based on a review of peeiewed literature(Clough et al. 2001 Values
used are showmtheda t I NI Y S (i S NA & The 8n@ éxkeptin Bbtént n2agsh whichwas assigned

higher accretion valuet® account for the resilience of these areas to rising water levels

Flotant Marsh
Landcover data from the 1990s in the Barataria and Terrebonne basins show flotant marsh coverb#yover

square mile®f freshwater and low salinity marsh areas (Sasser.e2@07) Flotant marsh is comprised of a
thick buoyant mat in a continuousfipating organic matrix that allows the marsh to stay continually.wet
Flotant marsh data is only available for Lafourche 8hdVlaryparishes as the study that yielded the data
was focused on the Baratafigerrebonne Estuary={gure7). Areas of flotant marsh in Lafourche aSt

Mary parishesvere modeled using subsites and assigning those sites higher accretion values of 15 to 20

millimeters per yar (Clough et al2011).
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Flotant Marsh Type
- Thick mat marshes of undetermined buoyancy

- Thick mat, herbaceous floating marshes

Thick mat, woody floating marshes

FIGURE7. FLOTANT MARSH EXTENT

- Thin mat, herbaceous floating marsh

- Other

Louisiana Parishes

Basemap material from Bing Maps Aerial

0 5 10 20 30 40

N N Viles
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MTL to NAVD88 Correction
In order to estimate the frequency of inundation for each cell within SLAMM, a correction factor is needed to

convert theDEM from a North Americarextical Datum 1988 (NAVD88) to Mean Tidatdl (MTL) The

blridAz2ylrf hOSIFyYy23aNI LKAO I yR IVDATEM safnardlivad® usedRoveargct a i NJ G A ;
the elevation data for the MTLAN average correctiovaluewas estinated for each parish or subsite

Random point files were created for each parish with location and elevation information extracted to each

point. The point information was loaded into the VDATUM program and corrected using the appropriate

coastal Louisi@a correction file The final MTL correction value is an average of the VDAUTM corrected

values minus the DEM elevation

Subsites are used within the SLAMM model to allow for modeling of areas with different model parameters
or correction values Lafouche Rirish is modeled with subsites, but all subsites have the sameNAMD88
correction Areas inSt. MaryParish are modeled with subsites using unique MTL corrections to increase the
accuracy of the model prediction§dble7). (SeeSummary of SLAMM Parameters by Pafishmore

information and maps of the subsites.)

TABLE7. MTL-NAVD88CORRECTI®N VALUES FOR EAJPARISH

Parish/Subsite MTL-NAVD88 (m)
Lafourche* -0.08
St. MarySubsite 1 -0.123
St. MarySubsite 2 -0.135
St. MarySubsite 3 -0.151
St. MarySubsite 4 -0.427
St. MarySubsite 5 -0.496
Vermilion -0.145

*Subsites are used in Lafourche Parish, but have the sameNAVID88 correction.
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Diurnal Tide Range
¢ARS RIFGF 6+ a 200FAYSR FNBY bh!! Qad ¢ARSa (Tapldd). /| dZNNB y |

The diurnal tide range published for eaclesi based on a }gear average Inregions of anomalous sea
level changes, like the Gulf of Mexico, a shortgear average is us€tiOAA Tides & Currents 2012
Lafourche andt. Maryparisheshave multiple tidal gauges within their boundaries, so a surface was
interpolated for the two parishes based on the tidal rangye LafourcheParish,one average value was used

for all subsitesvhereasin St. MaryParisheach subsite has a unique diurnal tide rangdue

TABLES. NOAATIDE STATIONS WITHIN EACHPARISH THAT HAD USEAE DATA

Parish NOAA Tidal GagBite Name Station | Diurnal Tide
Number | Range (m)
East Timbalier Island, Timbalier Bay | 8762223 0.402336
Port Fourchon 8762075| 0.374904
Lafourche Leeville, Bayou Lafogrche 8762084| 0.268224
Texaco Gas Exploration Dock, Bay Ral 8761962| 0.222504
Golden MeadowPlaisance Canal 8762184| 0.170688
Texaco Dock, Hackberry Bay 8761819 0.27432
LAWMA, Amerada Pass, LA 8764227 0.475488
St. Mary Freshwater Canal Locks, LA 8766072 0.658368
Berwick, LA 8764044| 0.149352
Cypremont Point, LA 8765251| 0.51816
Vermilion | Freshwater Canal Lock 8766072 0.658
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SaltHevation

Thesalt elevation also known as the Mean High Wat@riSg (MHWS), is the elevation that is inundated

approximately once every 30 dayg/ithin SLAMM, the MHWS designates the vertical boundary between

wetlands and dry lands or saline and fresh water wetlg@lsugh et al. 2000 The MHWS is calculated by

multiplying half of the great diurnal tide by 1.7 for each padsk subsitgTable9). This method was used

for its uniformity among parishes and use in previously published SLAMM applgg@looghet al. 201).

TABLE9. SALT ELEVATION FOR EACRARISH

Parish/Subsite Direction | MTL-NAVD88| Diurnal Tide| Salt Elevation
Offshore (m) Range (m) | (m above MTL)

Lafourche* South -0.08 0.29 0.24

St. MarySubsite 1| South -0.123 0.74 0.629

St. MarySubsite 2|  South -0.135 0.568 0.483

St. MarySubsite 3|  South -0.151 0.426 0.362

St. MarySubsite 4/ South -0.427 0.274 0.233

St. MarySubsite 5|  South -0.496 0.129 0.11

Vermilion South -0.145 0.658 0.559

* Qbsites are used ihafourche Brish, but have the same salt elevation
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Summary of SLAMM Parameters by Parish

LafourcheParishSubsitesand Model Parameters

TABLE10. LAFOURCHHIPARISH SUBSITPARAMETERS

Parameter Global Subste Sutsite Sutsites Sutsites
1 2 3-5 6-11

South North

Description Lafourche Sogth Nor_t h Floating Floating
Parish Parish

Marsh Marsh
NWI Photo Date Hindcast 1956 1956 1956 1956 1956
NW!I Photo Date Forecast 2007 2007 2007 2007 2007
DEM Date (YYYY) 2009 2009 2009 2009 2009
Direction Offshore South South South South South
MTL-NAVDS88 (m) -0.08 -0.08 -0.08 -0.08 -0.08
Great Diurnal Tide Range (m) 0.29 0.29 0.29 0.29 0.29
Salt Elev (m above MTL) 0.24 0.24 0.24 0.24 0.24
Marsh Erosion (horzm /yr) 1.8 1.8 1.8 1.8 1.8
Swamp Erosion (horzn /yr) 1 1 1 1 1
T.Flat Erosion (horam /yr) 2 2 2 2 2
Reg Flood Marsh Accr (mm/yr) 8.5 8.5 8.5 15 15
Irreg. Flood Marsh Accr (mm/yr) 8.5 8.5 8.5 15 15
Tidal Fresh Marsh Accr (mm/yr) 9.8 9.8 9.8 15 15
Beach SedRate (mm/yr) 1 1 1 1 1
Freq Overwash (years) 30 30 30 20 20
Use Elev Prprocessor TRUE TRUE TRUE TRUE TRUE
[True,False} Hindcast
Use Elev Prprocessor FALSE | FALSE | FALSE | FALSE | FALSE

[True,False]Forecast
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Northern Parish

FIGURES. SUBSITES USED INAFOURCHHEPARISH

Southern Parish
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St. MaryParishSubsites and Model Parameters

TABLE11. ST. MARYPARISH SUBSITPARAMETERS

Forecast

Parameter Flotant | Subgte Subste Subsite Subste | Subgte
Marsh 2 3 4 5 6
NWI Photo Date Hindcast 1956 1956 1956 1956 1956 1956
NWI Photo Date Forecast 2007 2007 2007 2007 2007 2007
DEM Date (YYYY) 2009 2009 2009 2009 2009 2009
Direction Offshore South South South South South South
MTL-NAVD88 (m) -0.427 -0.123 -0.135 -0.151 -0.427 -0.496
GreatDiurnal Tide Range (m) 0.274 0.74 0.568 0.426 0.274 0.129
Salt Elev (m above MTL) 0.233 0.629 0.483 0.362 0.233 0.11
Marsh Erosion (horzm /yr) 1.8 1.8 1.8 1.8 1.8 1.8
Swamp Erosion (horan /yr) 1 1 1 1 1 1
T.Flat Erosion (horam /yr) 2 2 2 2 2 2
Reg Flood Marsh Accr (mm/yr) 20 8.5 8.5 8.5 8.5 8.5
Irreg. Flood Marsh Accr (mm/yr) 20 8.5 8.5 8.5 8.5 8.5
Tidal Fresh Marsh Accr (mm/yr) 20 9.8 9.8 9.8 9.8 9.8
Beach SedRate (mm/yr) 1 1 1 1 1 1
Freg Overwash (years) 20 20 20 20 20 20
UseElev Preprocessor [True,False] - o e | trug | TRUE | TRUE | TRUE | TRUE
Hindcast
Use Elev Prprocessor [True,False] - oy oe | paSE | FALSE| FALSE | FALSE| FALSE
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Vermilion Model Parameters
Vermilion Parish was not modeled using subsites in the SLAMM mbkelparameters below were used for

the entire parish area

TABLE12. VERMILIONPARISHPARAMETERS

Parameter Vermilion
NWI Photo Date Hindcast 1956
NWI Photo Date Forecast 2007
DEM Date (YYYY) 2009
Direction Offshore South
MTLNAVDS88 (m) -0.145
Great Diurnal Tide Range (m) 0.658
Salt Elev (m above MTL) 0.559
Marsh Erosion (horzm /yr) 1.8
Swamp Erosion (horzn /yr) 1
T.Flat Erosiothorz m /yr) 2
Reg Flood Marsh Accr (mm/yr) 8.5
Irreg. Flood Marsh Accr (mm/yr) 8.5
Tidal Fresh Marsh Accr (mm/yr) 9.8
Beach SedRate (mm/yr) 1
Freqg Overwash (years) 20
Use Elev Prprocessor [True,FalseHindcast TRUE
Use Elewreprocessor [True,FalseForecast FALSE
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Model Calibration
Two methods of calibration were used to test the accuracy of the SLAMM modeling and site parameters in

each parish: time zero landcover changes and a sens#indlysisof model parameters Additionally, a

KAYROI &l dzaAy3a mdbdpc RFEGF g1l a Nd¥zy G2 G$Said.iKS Y2RSt Q:
Time ZerdRuns

One of the first steps in the SLAMM modeling process is to convert the DEM to the sanf20@&as the

wetland data(2007)known as the time zero for the mod@lough et al. 200 Changes to the landcover in

the time zerorun are due to model parameters, accounting tglift or subsidenceand thedefault

landcover elevations set in SLAMBLAMM assumes that wetlands inhabit a range of vertical elevations as a

function of the tide range (Clougdt al. 2010)

The preset elevations were changed from the default values in SLAMM to values specific for the eastern and
western Louisiana coastatea {Tablel13) followingmethods outlined irClough et al(2011). The minimum
elevation of the wampandundeveloped dry lath category forSt. MaryParishwere decreased to reflect the
unique freshwater flows in this area of the coéStough et al. 201,Clough 201p For VermiliorParish the
undeveloped dry land minimumlevationwasalso decreasedfter analyzinghe range of elevations and

considering that much dhe land use in this categorypsotected bydikesandused foragriculture.

TABLE13. ELEVATIONANALYSISVALUES

Lafourche St. Mary Vermilion
Min (m) | Max (m)| Min (m) | Max(m) | Min (m) | Max (m)
Dry Developed Land 0.22 0.50 0.27 0.50 0.27 0.50
Undeveloped Dry Land 0.22 0.50 -0.37 0.50 0.0 0.50
Swamp 0.22 0.50 -0.20 0.50 0.27 0.50
Cypress Swamp -0.50 0.50 -0.50 0.50 -0.50 0.50
Inland Fresh Marsh 0.22 0.50 -0.05 0.27 -0.05 0.27
Tidal Fresh Marsh 0.13 0.22 0.11 0.27 0.11 0.27
Transitional Salt Marsh 0.13 0.22 0.16 0.27 0.16 0.27
Regularly Flooded Marsh -0.10 0.31 -0.10 0.38 -0.10 0.38
Irregularly Flooded Mars| 0.07 0.31 0.08 0.38 0.08 0.38
Estuarine Beach -0.13 0.50 -0.16 0.27 -0.16 0.27
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The threshold for time zero changes was set peEcentchange from the initial landcover data for dominant
cover categoriesliablel4). Any changes to the dominant landcover of less thapercentare considered
acceptable within the model; all thrgearishes met this thresholdThetransitional salt marslecategory has

the greatest amount of change for all three parishes and is also one t#akiedominantategories for
landcover, one percent or less of the total landcover in each parish, so any change in the area of the marsh
will be a relatively large percent chang&ny areas in the parish that apeotectedby dikes are protected

from change in the time zero run

TABLE14. TIME ZEROPERCENTCHANGE INLANDCOVERCLASSES

Lafourche | St. Mary | Vermilion
Dry Developed Land 0.00% 0.00% 0.00%
Undeveloped Dry Land -0.53% 0.00% -0.01%
Swamp -3.75% -0.05% -0.95%
Cypress Swamp -0.02% -0.87% -0.08%
Inland Fresh Marsh -3.57% -2.90% -0.97%
Tidal Fresh Marsh -1.57% -5.99% -6.68%
Transitional Salt Marsh 58.95% 27.35% 668%
RegularlyFlooded Marsh 1.84% 66.56% 75.00%
Irregularly Flooded Marsh -0.11% 6.31% -0.70%

* All categories with change greater than 5% are-dominant landcover
classesIn all runs, tidal flat was also created
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Initial Landcover

Time Zerd_andcover

FIGURELO. LAFOURCHIPARISHTIME ZEROANALYSIS

46



Initial Landcover Time Zero Landcover

FIGURELL. ST. MARYPARISHTIME ZEROANALYSIS

47




Initial Landcover

Time Zero Landcover

FIGUREL2. VERMILIONPARISHTIME ZEROANALYSIS
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Sensitivity Analysis
The goal of a sensitivity analysis is to identify the model parameters that have the greatest influence on the

model output Knowing this, model users can target parameiara/hichthey wish to reduce the level of
uncertainty(Saltelli and Saisana 2007 o estimate the sensitivity of SLAMM to various input parameters a

one-way sensitivity analysis was performed.

A oneway sensitivity analysis allows us to independently evaluate each input parametedesarmine its

effect on the model outputClemen and Reilly 20D1For this analysjseveral parameters were considered

in the sensitivity analysis: the absence or presence of dikes, low or high subsidence rates, MTL correction,
accretionrate for irregularly flooded marsNBE F SNNBR (2 Fa dal OONBGA2y ¢ Ay (KA
range, and salt elevationThe baseline scenario for the analysis was set @LR of 1.5 gtersby 2100,
developed dry land protected by dikes, and low subsidence, with all other parameters set to those used in
the time zero runs Each parameter in the sensitivity analysis was adjusted tge8&entand 115percentof

the value used in the time zerun. For subsidence and dike protection, the analysis only required the value
be changed to high or low (subsidence) or protection opraiection (dikes) This sensitivity analysis only
considers the model output for the year 2100herefore, the coclusions drawn from this analysis can only

be applied to the final model outputAs will be discussed later, the parameters that are modeled as the most
influential drivers in landcover change in the year 2100 may not be the most influential drivéX35aoe

2050.

For the sensitivity analysis three landcover types representative of dry land, marsh, and forested wetland
were selected: undeveloped dry land, irregularly flooded marsh, and swaimg extent of dry developed

land is relevant to our identification efetland migrationcorridors The significance of irregularly flooded
marsh is that it is often the last wetland type before being converted to open wtéand wetlands

represent a gall fraction of total landcover today in all three parishes and are at risk of near local extinction

under higher SLR scenarios modeled

The following tornado diagrams are designed so that the square miles for each landcover under the baseline
conditionare set as the vertical axiFhe diagrams are designed, so those parameters with the greatest
influence are on top, and those with the least are positioned at the bottbmall cases, the subsidence and

dike parameters dominate the first and secondsjtion as most influential

The results of this analysis highlighe important role that subsidence plays in this modeling effort

Subsidence values were established by the state of Louisiana as a moderate rate, and a less optimistic rate
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The diffeence in this variable is driving a large amount of the change seen in different scenarios by the year
2100

Undeveloped Dry Land
The nodel predicts undeveloped dry land to be most sensitive to the presence of dikes and subsidence

values In all three pashes, removing dikes resulted in model outputs with large losses of undeveloped dry
land. Lafourche is modeled to be most affected by dike removal with undeveloped dry land loss of 88
percent compared to only 3percentand 39percentin St. Maryand Vermilion Parishes, respectiveljhis is

not an unexpected trend for Lafourche as the subsidence ratel@mmyr-1) is more than double the rates
observed inSt. Mary(5 mmyr-1) and Vermilion (4nmyr-1) parishes As the land subsides fastenuindation

will happen quicker and more of the dry land will be lost to either wetland or open water conversion

Adjustments to he other input parameters by15 percenthave little effect m the overall resultgFigurel3).

Swamp
Similar to results for undeveloped dry land, swamp is modeled most sensitive to the absence or presence of

dikes, followed by subsidence, and then the MTL correctialjusting the MTL correction kw15 percent
changed the total swamp area by as much aertentin St. MaryParish, and less thanpkrcentin

Vermilion and Lafourche parish@&gurel4).

Irregularly Flooded Marsh
Both Lafourche an8t. MaryParish are modeled as most sensitive to subsidence of irregularly flooded.marsh

In each case, the presence or absence of dikes is secondawyever the situationis reversed in Vermilian
This is likely due to the location of dikes relatigghe irregularly flooded marsldikes provie less
protection to irregularly flooded marshes in Lafourche &tdMaryParishes For undeveloped dry land and
swamps, MTL coection was thethird most influential factoand this trend remains constant for irregularly
flooded marsh as wellHowever, the extent to which MTL correction plays a role in the persistence of
irregularly flooded marsh is comparatively much greatentfar the other two land cover categories 15
percentchange in the MTL correction panater resulted in a high af6.5 percentchange in Laurche

Parish, and a low af2.3 percentchange irSt. MaryParish(Figurel5).
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FIGUREL3. UNDEVELOPED DRY LANEENSITIVITY ANALYSIS
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Lafourche Square Miles of Irregularly Flooded Marsh by 2100
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FIGURELS5. IRREGULARLY FLOODEDARSH SENSITIVITY ANASIS
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Hindcast
In predicting landcover changes, a hindcast is a necessary step in understanding the predictive capacity of the

model Using the historic landcover data and estimagtwetland coverage in responseRSLR, the hindcast

indicates the accuracy of the model in predicting the effed®®IER on wetlands within our study area.

Thel956 NWI data was obtained from William Jones of the USB& 1956 data is not as complete a

current landcover data as on average it oobyers halbf the area of each parishThe attribute code for

each of the NWI polygons was reclassified into SLAMM codes using the reclassification spreadsheet included
with the SLAMM documentatiofClough et al. 2000 Landcover categories were combindablel5) to

account for limitations in the historical daand to follow methods used in a 200WFreport (Clough et al.

2011).

TABLE15. COMBINEDSLAMMCATEGORIES WITHIKMINDCASTANALYSIS

SLAMM Classification

Combined Classification

Developed Dry Land

Developed Dry Land

Undeveloped Dry Land

Undeveloped Dry Land

Swamp

Cypress Swamp

Tidal Swamp

Swamp

Inland Fresh Marsh

Tidal Fresh Marsh

Tidal Fresh Marsh

Trans Salt Marsh

Regularly Flooded Marsh

Irregularly Flooded Marsh

Regularly Flooded Marsh

Estuarine Beach

Tidal Flat

Rocky Intertlal

Tidal Flat

Inland Open Water

Riverine Tidal Open Water

Estuarine Open Water

Estuarine Open Water

The hindcast model was run with the same DENhadorecasting model because elevation data dating back
G2 GKS wmdp n Qahe PEM ahdesBpeilds dabrd cippedl to the same extent as the 1956 NWI data
Due to the large difference in the wetland data and DEM dateS§Hnd 2009), the elation preprocessor

was used The hindcast model was run under the condition to protect all dry land, but without a dike file
loaded The model was completed in one time step from 1956 to 2007 (the dateedandcover data from

Couvillion 2010)
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Older elevation data sets are often derived from topographic maps, and have very coarse resdlhi®is
especially the case in Louisiana where there is not very much topographic &liaMM develpers included

the elevation pr@rocessor in the moddor situations such as this when inadequate elevation data is

available The elevdon preprocessor estimates elevation ranges as a function of the tide ranges and their
known relationships between wetland types (Clough et al 20T use of the elation preprocessor will
fA]1Ste fAYAG (GKS Y2RStQa LINBRAOGAGS OF LI oAt AGASEA

results

Additionallyz.  YdzOK 2F (GKS Y2RSt Qad LINBRAOGA @S 195dlahdcayex f A (0 &
data. This 1956 landcover data did not distinguish between some narrower defined wetland categories
Thus, relevant categories were clumped together in broader categories for this an@bisisls) (Clough et

al. 201). Due to the highly variable rates of subsidence both spatially and temporally along the coast, the
observed GSLR rate of 10.9 centimeters from 1956 to 2007 was extrapolated to a historic t2dd of
millimeters per yeafIPCC 2007Clough et al. 20)Instead of developing sepate subsi@nce grids for

each mrish.

The model was interpreted by comparing thedictedpercent landcover to the observed percent landcover
rather than estimating accuracy on a dagjtcell basis, which has been shown to be influenced by the cell size
due to themajority-takesall rule of decreasing resolutid@hen and Pontius 20L1However, a simple

percent cover assessment does not take into account spatial variability of re$Solaccount for this, a visual

inspection of esults was performed for each parish.

The model yielded more accurate results when broad categories were considedgléX6). For example,
the model was not vergccurate in predicting extent of salt and fresh marsh individuadigwever, when
these two categories were considered together the model was much more sucecepsédlicting 24percent
for Lafourche (actual 3ercen) and 19ercentfor St. Mary(actuall8 percen)). The discrepancy is likely
due to the estimated salt elevation and, therefore, extent of the salt and fresh métsetvever, total area is
very similar In Vermilionthe model undespredicts the extent of total marsh in the parish; howevdaige

portion of this underestimation is likely a product of inaccurate 1956 landcover data.
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TABLE16. OBSERVED ANIPREDICTEDPERCENTLANDCOVER FORASESTUDYPARISHES BY007.

Lafourche St Mary Vermilion
Landcover Typq Observed Predicted] Observed Predicted] Observed Predicted]
Salt Marsh 20 24 6 19 46 24
Fresh Marsh 10 0 12 0 21 3
Total Marsh 30 24 18 19 67 26
Swamp 3 3 23 18 3 1
Beach 0 0 0 0 0

Since the accuracy of the hindcast model must be considered withuhkty of the data inputs, it is useful

to look at the spatial extent of landcover for each parBly(rel6, Figurel7 andFigurel8). Much of the

variation observed in both the Vermilion and Lafourche Parish predgtian be attributed to the poor

quality 1956 landcover data-or example, the 1956 data classified inland Lafourche Parish as estuarine open
water. This classification is very unlikely as the area is extensively populated with salt and fresh rttash in
year2007. Likewise, flotant marsh data collected for Lafourche Parisheiri990sindicates flotant marsh

occupied the northern inland aregSasser et al. 200.7In western Vermilion Parish a similar discrepancy is
noted; the 1956 data classifies the bay &a@st exclusively open water with very little fresh marsh

However, the 2007 landcover data shows extensive fresh marsh in the area, so it is unlikely that there was no

fresh marsh in this area in 1956.

In all three parishes, the model predicts squarées of wetland loss that closely matches what was observed
in 2007 However, upon spatial inspection the model fails to predict the spatial accuracy of wetland loss and
conversion SLAMM is very sensitive to the DEM vertical error, historic trend of RSLR, accretion, and
sedimentation rategChuAgor et al. 201l With the exception of historic RSLR, we had little information in
these four categories and the elevation greocessor wasised in an attempt to alleviate elevation data

guality concerns In addition, the hindcast was operated under the assumption that observed trends in
accretion, tide range, and salt elevation were constant and equal to the observed values of today, which
could introduce another source of err@€hen and Pontius 20L1Lastly, as indicated by the sensitivity

analysis, the model for coastal Louisiana is very sensitive to subsid€neéindcast did not use the
subsidence Vaes used in the forecast analysisstead, the observed historic trend of a 10.9 centimeter

GSLR from 1956 to 2007 was extrapolated to a change in elevatidriéfmillimeters per year.
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1956 Landcover 2007 Predicted Landcover 2007 Actual Landcover
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FIGURELG. HINDCAST ANALYSIS REBETS FORLAFOURCHHPARISH (LEFT) 1956 LANDCOVER DATAMIDDLE) 2007 MODELPREDICTEDLANDCOVER
AND (RIGHT) ACTUAL2007 LANDCOVER FROKIOUVILLION2010.
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1956 Landcover 2007 Predicted Landcover 2007 Actual Landcover
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FIGUREL7.HINDCAST ANALYSIS REBTS FORST. MARYPARISH (LEFT) 1956 LANDCOVER DATAMIDDLE) 2007 MODELPREDICTEDLANDCOVERAND
(RIGHT) ACTUAL2007 LANDCOVER FROKIOUVILLION2010.

Created by: MFKemm 4/17/12
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1956 Landcover 2007 Predicted Landcover 2007 Actual Landcover
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Created by: MFKemm 4/17/12

FIGUREL8. HINDCASTANALYSIS RESULTS FMERMILIONPARISH (LEFT) 1956 LANDCOVERDATA, (MIDDLE) 2007 MODELPREDICTEDLANDCOVER
AND (RIGHT) ACTUAL2007 LANDCOVER FROKIOUVILLION2010.
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Modeling Results and Discussion
RSLR modeling results within this study are twofold: observations regarding net chaémgariea of

wetlands and the upland migration of wetlands

SeeAppendixfor full documentation of SLAMM runs, tabular results, and map documentation.

Net Change inthe Area of Wetlands
General trends in the overall net loss of wetlands were obsewidiin modeling results in all three of the

case study parishedAs expected, as GSLR increases within SLAMM, the net amount of wetland area lost

increases Likewise, a greater net loss of wetlands was modeled under higher subsidence conditions

However the effect of dike protection on the net loss of wetlands within the model varied between

Lafourche Parish and the other two parishéafourche Parish modeling exemplified a greater amount of net

wetland loss occurring under no protection scenariognvikon andSt. Maryparish modeling showethe

most net wetland loss occurring under protection scenaritepénding orGLSR i6t. MaryParish) Figure

19). This doservation may be explained by the variability in subsidence rates used in the modeling and the
distribution of dry land across the three parishie§ dzNII K SNJ RA a4 0dzaaSR Ay a! LX YR a?’

section)

In all three parishes, swamp and fresh maasbas are commonly observed to convert to salt marsh as RSLR
increases However, the less optimistic scenarios (higher GSLR and subsidence rates) that were modeled
show these areas converting directly to tidal flat or open water in many casese waso change

observed for developed dry land as every scenario modeled within this study assumes that this land will
always be protectedLikewise, as dikes are assumed to protect both developed and undeveloped dry land,
no change in undeveloped dry landveo was expected under protection conditiongnexpectedly, a small
amount of change was observed for undeveloped dry land in some maaiethatincorporated dike

protection. When a dike file is loaded within SLAMM, dry land is considered protecieds the RSLR
exceeds 2.0 meters; RSLR did not exceed this value within this Stodychange may be observed in dry

land as a result of incomplete dike coverage or errors within the elevation dataset (Clough 20t this

study, it is likely tht the quality of data inputs is the cause of this discrepancy
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Lafourche Parish
By 2100, Lafourche Parish loses net wetland cover in all modeled sceiatibsl(y). However, some gain

of wetlands is modeled under riike protection conditions in the year 202% afourche Parish experiences
the most extensive loss of wetlands of all the parishes within this stlithg highest net loss of wetlands
modeledwithin Lafourche Parish (656.6 square miles accounting fared4&entof the total parish area)
occurs under the least optimistic conditions of a 2.0 meter GSLR by Ati00gh subsidence with no dike

protection.

Open water originally constitutes 574wsare miles (148,73Ha) of landcover within Lafourche Parishhis
coverage increasds 1,205 square miles (312,11&Hunder 2.0 meters of GSLR with high subsidencenand
dike protection conditions Of the roughly 630 squamailes (164,000 &) of landconverted to open water

within this extreme GSLR scenario, the majority of it represents a loss of freshwater swamp and marsh areas

TABLE17.NET WETLAND LOSS OVERME PERIOON LAFOURCHHIPARISH INSQUAREMILES NOT
PROTECTEDPROTECTED REFERS DIKEPROTECTIONHIGH LOW REFERS TO RATEEGUBSIDENCE
(VALUES IN PARENTHESISDICATE GAIN IN WETAND AREA)

GSLR| 2025 | 2050 | 2075 | 2100

0.5 1.3 | 10.0 | 97.7 | 198.4

z | 10 1.6 | 22.8 | 203.9 | 322.6

5| - 15 21 | 87.2 | 261.4 | 439.5
= 2.0 2.6 | 144.3| 303.6 | 575.0
S 0.5 3.5 | 90.7 | 250.7 | 455.4
15| 10 2.6 | 128.7 | 290.3 | 547.6
T | 15 3.4 | 177.2| 338.0 | 609.9

2.0 4.8 | 206.2 | 411.1 | 640.6

0.5 | (6.8) | 39.6 | 130.2 | 269.4

o | 3110 | (92 | 428 | 242.4| 3904
€] - 15 | (12.0)| 102.7 | 291.1 | 497.0
£ 2.0 | (18.0) | 170.0 | 330.9 | 589.5
}L: 0.5 | (17.7) | 100.8 | 259.1 | 473.4
S| 5| 10 | (218)) 1580 | 324.3 | 574.8
T | 15 | (25.1)| 202.5| 366.0 | 631.0

2.0 | (27.7)| 223.5| 401.8 | 656.6
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0.5 meter GSLR by 2100
Under a 0.5meter rise by 2100, a general trend of wetladods is predicted for Lafourche Parigh 2025,

there is some gain in wetland area in scenarios where there was no dike proteetmever, as time
progresses and sea levels rise, the greatest loss of wetlands is observed under high subsidencdikgth no
protection. Within this scenaripthe greatest net wetland lossodeled equalsn area of 473 square miles
(122,611 Ha) by the year 21QDablel?).

There is alecrease in fresh marsh and swamp categories that convert to salt marsh and open water by 2100
A positive percent change, indicating gain of area, is observed for transitional salt marsh, regularly flooded
marsh, and open waterHowever, an increase abserved in transitional salt marsh only under low

subsidence and dike protected condition&lternatively, negative percent change, indicating loss of area, is
observed for cypress swamp, swamp, irregularly flooded marsh, inland fresh marsh, anctsdahérsh

There is also a general trend of loss of transitional salt marsh and regularly floodedas®S§h.R continues

to increase Cypress swamp undergoes the greatest negative percent change ranging betwaet 10D
percentwith the exception of lgh subsidence and protected conditions, which result in more loss of inland

fresh marsh.

The swamp north of Thibodaux is lost by 2050 in theoraiection scenarios and by 2075 in the protected
scenarios Most fresh marsh cover is lost by 2050 in highsidence conditionsHowever, fresh marsh is

prevalent until 2100 uder low subsidence conditior{sigure20).

1.0 meter GSLR by 2100
Under a 1.0 meter GSLR by 218@eneral trend of wetland loss is observed under higher subsidence

conditions In 2025, there is some gain in wetland area in scenarios which there was no dike protection
Again, subsidence is modeled as the driving factor of wetland ldsder highsubsidence and no protection,
an area of 575 square miles (148,861 Ha) accounts for the greatest estimate of wetland loss under a 1.0
meter rise by 2100T@ablel?).

A positive percent change, indicating gain of area, is observed for transitional salt marsh, regularly flooded
marsh, and open waterHowever, there is an increase in transitional salt marsh only under low subsidence
and dike protectedtonditions Alternatively, negative percent change, indicating loss of area, is observed for
undeveloped dry land, cypress swamp, swamp, irregularly flooded marsh, inland fresh marsh, and tidal fresh
marsh Cypress swamp undergoes the greatest negataregnt change ranging at about 1p6rcentwith

the exception of high subsidence and protected conditions, which result in more loss of inland fresh marsh.
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In this modeled scenario, subsidence plays a significant role in wetland extent in 2100 underdiettign
and no protection conditionsin the low subsidence runs, there is a greater variety of marsh type; whereas in
the high subsidence runs most marsh has converted to tidal Tlae low subsidence with dike protection

run is the only condition wh cypress swamp remaining in 21@dgure21).

1.5meter GSLR by 2100
Under a 1.5 meter rise by 2100, a general trend of wetland loss is observeidlier subsidence conditions

In 2025, there is some gain in wetland area in scenarioshwhgre was no dike protectionUnder high
subsidence ando protection, an area @31 square miles (163,428 accounts for the greatest estimate of

wetlandloss under a 1.5 meter rise by 21(0blel?).

A positive percent change, indicating gain of area, is observed for regularly flooded (maatsh low
subsidence conditions) and open wateklternatively, negative percent change, indicating loss of area, is
observed for undeveloped dry land, all fresh marsh types and all salt marsh @ppeess swamp undergoes
the greatest negative percent change gamg at about 10@ercentchangewith the exception of the low
subsidence and protected scenario, which resimta greater loss of tidal fresh marsh instead of cypress

swamp.

In the dike protected scenarios there is a loss of undeveloped dry land gtanidway between Thilmaux
and Larose and continuingwth. The loss of undeveloped dry land is greater when there is no dike
protection (average of 9Bercend) than when protection is maintained (fp@rcentloss) The low subsidence

with protection runis the only condition with cypress swamp remaining in 2(E0§ure22).

2.0meter GSLR by 2100
Under a 2.0 meter rise by 2100, a general trend of wetlkss is observed under higher subsidence

conditions In 2025, there is some gain in wetland area in scenarios without dike protedtioder high
subsidence ando protection, an area @857 square miles (170,0489 of wetlands accounts for the

greatest estimate of loss under a 2.0 meter rise by 2Teblel7).

A positive percent change, indicating gain of area, is observed for reguladgdanarshunder low
subsidence and nprotection conditions and open wateilternatively, negative percent change, indicating
loss of area, is observed for undeveloped dry land, all fresh marsh types and all salt marsiAtyfpesh

marsh types undeyo the greatest negative percent change ranging at aboutpEdBent

By 2100, most of the parish is under watEigure23). Model results indicatehat low subsidence and dike
protection can preserve most of the undeveloped dmydand marsh All of the land suth of Larose
converts to open water except for the road to Port Fourchon.
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FIGURE20. LAFOURCHEPARISH IN2100 UNDER AD.5 METERGSLR.
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FIGURE21. LAFOURCHEPARISH IN2100 UNDER AL.O METERGSLR.
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FIGURE22. LAFOURCHEPARISH IN2100 UNDER AL.5 METERGSLR.
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FIGURE23. LAFOURCHHPARISH IN2100 UNDER A2.0 METERGSLR.
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St. MaryParish
As modeled within SLAMMt. MaryParish experiences a net loss of wetlands from 2007 to 2100 regardless

of the GSLR, protection, or subsidemoaditions specified within thenodel The highest net lossf
wetlands modeled (200.3 square miles accounting fopd®&entof the total parish area) withist. Mary
Parish occurs under the least optimistic conditions of a 2.0 meter GSLR by 2100 and high subsidence with

dike levee protectionTablel8).

Open water originally constitute94 square milesl@7,841Ha)of landcover withirSt. MaryParish This
coverage increases &4 square milesl61,599Ha)under2.0 metes of GSLR with high subsidence anith

dike protection conditions Of the roughlyl31 square miles3@,000Ha)of land converted to open water

within this extremeRSLR scenario, the majority of it represents a loss of freshwater swamp and marsh areas
Cypress swamp appears to be the most vulnerable landcover type and the first dominant landcover type in

the parish to convert to open water

TABLE18. NET WETLAND LOSS OVHARVE IN ST. MARYPARISHIN SQUARE MILESNO
PROTECTIONPROTECTIONREFERS TO DIKE PROTEION HIGHL OW REFERS TO SUBSIDEE RATES

GSLR| 2025 | 2050 | 2075 | 2100
05 (14 |73 |16.0 |31.7
% 1.0 |22 |[151]59.0 | 858
s| - [15 |35 |271]793 |126.3
k3] 20 |46 5141932 |177.2
g 05 (20 |11.7 348 |63.8
1§10 |31 [201]71.4 |102.9
T (15 |42 |415]857 |1483
20 |54 [58.2]102.3]200.3
05 |20 |85 |176 |52.3
- % 1.0 |25 |153|56.7 | 81.2
21 -2115 |39 [26.4]66.8 |105.6
§ 20 |48 1479 ]66.2 |127.8
QE_) 05 (|24 |12.7 |357 |67.7
S ED 1.0 (35 [20.0|66.1 [93.0
T |15 |44 |395]67.2 | 1195
20 |55 [531]69.9 |1395
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0.5 meter GSLR by 2100
Under a 0.5meter rise by 2100, a general trend of more wetland loss is predicted within the higher

subsidencescenariogFigure24). Additionally, scenarios with ndike protectionresulted inmore wetland
loss than those with dike protectiornder high subsidence and nikd protection, an area of 68 square
miles (17,537 Ha) accounts for the greatest eatgrof wetland loss under a Orbeter rise by 2100Table
18).

Under this lowelGSLR scenario, subsidence is modeled as the driving factor of inundation and conversion of
landcover types A positive percent change in area, indicating gain, is observed for open water, transitional
salt marsh, regularly flooded marsh, and tidal .flatternatively, a negative percent change in area, indicating
loss, is observed for cypress swamp, swamp, irregularly flooded marsh, inland fresh marsh, and tidal fresh

marsh Cypress swamp undergoes the greatest negative percent change ranging betwaen8®percent

1.0 meter GSLR by 2100
Under a 1.0 meter rise by 2100, a general trend of more wetland loss is observed within the higher

subsidence scenari@bigure25). However, unlike the 0.5 meter runs, as sea levels rise dike protection
appears to have a greater effect on wetland loslmder high subsidence and dike protection, an area of 103
square niles (26,662 Ha) of wetlands accounts for the greatest estimate of loss under a 1.0 meter rise by
2100(Tablel18).

Much like the 0.5 meteGSLR scenir in St. Mary a positive percent change in area, indicating gain, is
observed for open water, transitional salt marsh, regularly flooded marsh, and tidaitarnatively, a
negative percent change in area, indicating loss, is observed for cyprasgpsawamp, irregularly flooded
marsh, inland fresh marsh, and tidal fresh mar€lypress swamp undergoes the greatest negative percent

change ranging between &nhd 90 percent

1.5meter GSLR by 2100
Under a 1.5 meter rise by 2100, a general trend ofenwetland loss is observed within the higher

subsidence scenarig¢Bigure26). As sea levels rise from 2050 to 2100 dike protection appears to have a
more dominant effect on wetland loséJnder high subsidence and dike protection, an area of 148 square
miles (38,404 Ha) accounts for the greatest estimate of wetland loss under a 1.5 meter rise bya2160 (
18).

As previously discussed, a positive percent change in area, indicating gain, is observed for open water,
transitional salt marsh, regularly flooded marsh, and tidal fidternatively, anegative percent change in

area, indicating loss, is observed for cypress swamp, swamp, irregularly flooded marsh, inland fresh marsh,
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and tidal fresh marshCypress swamp undergoes the greatest negative percent change ranging between 90

and 95percent

2.0meter GSLR by 2100
Under a 2.0 meter rise by 2100, a general trend of more wetland loss is observed within the higher

subsidence scenari@Bigure27). However, as mentioned previously, greater loss of wetlands is observed
under dike protected conditions as sea levels.ridader high subsidence and dike protection, an area of 200
square miles (51,875 Ha) accounts for the greatest estimate of meettsss under a 2.0 meter rise by 2100
(Table18).

Again, a positive percent change in area, indicating gain, is observed for open water, transaibmelrsh,
regularly flooded marsh, and tidal flaAlternatively, a negative percent change in area, indicating loss, is
observed for cypress swamp, swamp, irregularly flooded marsh, inland fresh marsh, and tidal fresh marsh

Cypress swamp undergodgetgreatest negative percent change ranging between 95 angéffent
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FIGURE24. ST. MARYPARISH IN2100 UNDER A0.5 METERGSLR.
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FIGURE25. ST. MARYPARISH IN2100 UNDER AL.O METERGSLR.
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FIGURE27. ST. MARYPARISH IN2100 UNDER A2.0 METERGSLR.
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Vermilion Parish
By 2100, Vermilion Paristas modeled tdose wetland cover in all scenarios except for the 0.5 megitR

with no dike protection scenarioThe highest net loss of wetlands modeled (363.5 square miles accounting
for 24 percentof the total parish area) within Vermilion Parish occurs under ¢lastl optimistic conditions of
a 2.0 meter GSLR by 2100 and high subsidence with dike protetéiblel9).

Open water originally constitutés04 square miles (136 Ha)of landcover withirWermilionParish This
coverage increases B9 square miles (204,395 Ha)der 2.0 meters o5SLR with high subsidence anith
dike protection conditions As RSLR increas#isere is a decrease in fresh marsh and swampsaand
increase in salt marshes in the paridhith the increase in the magnitude B5LR by 2100, there is an

increase in open water and tidal flats in the southern half of the parish

TABLE19. NET WETLAND LOSS OVERME INVERMILIONPARISHIN SQUARE MILESNO
PROTECTIONPROTECTIONREFERS TO DIKE PROTEION HIGHL OW REFERS TO SUBSIDEE RATES
(VALUES IN PARENTHESISDICATE GAIN IN WHETAND AREA)

GSLR] 2025 ] 2050 | 2075 | 2100
05 |16 |25 |29 |33

= [10 |21 [53 [137 [741

c | 3 [15_[28 [129 [709 [2539
g 20 |38 [17.3 |159.6] 3360
8 05 |19 |34 |43 |78
& | 5|10 [25 |91 [308 [169.0
T [15 [35 |153 [118.7]297.0
20 |49 [214 [197.8]3635

05_[(2.5) | (7.1) | (24.6)] (34.8)

c| 2 [To [@5[@E7) [@31)[248
s |3 [15 [63[aon[106 |1647
s 20 |(7.8)[ (208)[ 66.7 1985

2 05_|(40) | (88) | (24.1)] (31.0)
o |5 [0 [(60)[(94) [(137)[1004
T [15 | (75)[(158)[46.9 |190.6

20 | (85)] (24.7)[ 881 |207.3
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0.5 meter GSLR by 2100
Under high subsidence and dike protection, an are@d.8fsquare miles (20208a)accounts for the greatest

estimate of wetland losander a 0.5meter rise by 2100Table19). There is a decrease in fresh marshes and
swampsunderall conditionsand an increase in salt marsh coverage; in the scenarios where dry land is
protected, the category with largest area lost by 2100 is swampall scenarios opewater, undeveloped

dry land, and irregularly flooded marsh are the dominant landcover t{fpigsire28).

1.0 meter GSLR by 2100
Under high subsidence and dike protection, an area of 169 square miles (43,771 Ha) of wetlands accounts for

the greatest estimate of loss under a 1.0 meter ris b§0(Tablel9). In all four runs irregularly flooded
marsh is the category with greatest loss of total area followed by tidal fresh in the protaeciedcind
undeveloped dry land in the ndike protection runs Regularly flooded marsh has the greatest gain in total
area in the low subsidence runs and tidal fl&his idollowed by regularly flooded marstvhichhas the
greatest gain in total areaithe high subsidence run3he loss of irregularly floodedarshmakes sensas
over timethe frequency of inundation will increase ariding sea levelwill move the saltwater inland

causing loss of cypress swamp and fresh water marshes

Following fom the previous GSLR scenario, the high subsidence scenarios experience greater wetland loss

than low subsidence scenari{fsigure29).

1.5meter GSLR by 2100
Under high subsidence and dike protection, an are293f square miles (76,923a)accounts for the greatest

estimate of wetland loss under a 1.5 meter rise by 2[ble19). The average of all four runslid6 square
miles @87,835Ha) In all scenarios, wetland loss in 2075 is more than doubled in 2100 asdeharios with
dikes have greater loss than those runs without dik@ser 65percentof each tidal fresh marsh, inland fresh

marsh, and cypress swamp cover is lost by 2100 in all scenarios within this scenario

However, continuing the trend from theg@vious two scenarios, irregularly flooded marsh has the greatest
decline, which is representdsetween 80 an®5 percentloss depending on the scenaritn the scenarios
without dike protection, regularly flooded marsh has greater gains in landcorehis scenario, we see the
dominant gain of tidal flat of ovet51 square miles39,000Ha) All swamps erode to tidal flat before

converting to open watefFigure30).

2.0meter GSLR by 2100
Under high subsidence and dike protection, an are364f square miles (94,2 Ha)accounts for the greatest

estimate of wetland losander a 2.0 meter rise by 21004ble19). Open water is approximately half of the
parish area in 2100 in all scenariddominant landcover classes in all scenarios include open water,
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undeveloped dry land, tidal flat, and nelgrly flooded marshAll fresh marsh and swamp categories are less
than 1percentof total landcover In the nodike protection scenarios, almost Sfercentof the undeveloped
dry landcover is lost by 210@etland loss averages 90,000 hectares with dikes and avel®$esquare

miles 60,000Ha)without dikes The irregularly flooded marsh that was prevalent in the south of Vermilion

is converted to open water and fragmented tidal flat by 2{B@ure31).
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FIGURE28. VERMILIONPARISH IN2100 UNDER A0.5 METERGSLR.
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