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Appendix I: SLAMM (Sea Level Affecting Marshes Model) Analysis

Application of the Sea-Level Affecting Marshes Model
(SLAMM 5.0) to Nomans Land Island NWR
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SLAMM Analysis of Nomans Land Island

Application of the Sag-Level A ffocting Mavzber Moded (S AMM 500 o Nowans Lasad Tebong NIFR

Introduction

Tadal maarshes are among the most susceptible ecosystems o chimate change, especully aceelerated
sea level nse (SLE). The Intemational Panel on Clmate Change (IPCC) Specal Report on
Emissions Scenanos (SRES) sugpested that global sea level will inceease by approcamately 30 em to
100 e by 2100 (TPCC 2001). Rahmstoct (2007 suggests that this range may be too conservatve
arnd that the feasnbbe range by 2100 could be 50 to 140 cm. Plelffer et al. (2008 suggests that 200 em
by 2100 55 at the upper end of plassible scenanios due to physical bitations en glacialogeal
conditions, Rising sea level may cesult in ttdal massh submergence (Moorhead and Brinson 1995)
and habitat megration as salt marshes transgress laindward and replace fidal freshwater and brackish
marsh {Park et al, 19971},

Inan effort to address the potential effects of sea level rise on United States naticnal wildlife
refuges, the U, 5 Fish and Wildlife Service contracted the application of the SLAMM model for
mest Regon 4 refoges. Thog analysis s designed 1o asast in the produetion of compeehen swve
conservation plans (COPs) for each refiuge along with other long teom management plans.

Model Summary

Changes i tidal marsh area and habitat type in response to sea-level nse were modeled using the Sea
Level Affecting Marshes Model (SLARMM 5.0} that scecunts for the dommant processes mvolved m
wetland conversion and shotelne modificanons durng kong-teem sea level rige (Pack et al, 1989,

wearwwacrenpinnache.com S prof LA MK

Suecessive vernions of the mode| have been used o estmmare the i.il'Ll‘:lal.:ts ol wea level rse an the
coasts of the ULS. (Tius et al, 1991; Lee, JLK., R.A, Park, and P.W, Mavsel, 1992 Pack, BA., KL
Lee, and I. Canning 199%; Galbrasth, H., R. Jones, R.A. Park, .5 Clough, 5. Herrod-Tulius, B.
Harnngton, and G. Page. 2002, National Wildlife Federanon et al, 2006; Glick, Clough, et al. 2007;
Crafr et al,, 2009,

Within SLAMDM, there are five primary processes that affect wetlnd fate under different scenarios
of sea-level nse:

= lnundation: The nge of water levels and the salt boundary are teacked by reducmg
elevatons of each cell as sea levels oise, thus keeping mean tide level
(MTL) constant at zero. The effects on each cell are caloulated based on
the mamrmum elevation and slope of that cell,

«  Erosion Frogion is triggered based on a threshold of maxamum ferch and the
proximity of the marsh to estuarne water or open ocean, When these
conditions are met, honzontal erosien occurs at a rate based on site-
specific data,

= Owerwash: Barrier sslands aof under 500 merers wadth are assumed to underge
oversash during each 25-year time-step due to srorms. Beach meggration
and transport of sediments are calculated.

+«  Saturation: Coastal swarnps and fresh marshes can migzrate onto adjacent uplands as a
response of the fresh water ble o osing sea level close to the coast,
Prpaved for UTFWE 1 16 Bfumade Comseedting, Ine
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Application of the Sag-Level A ffocting Mavzber Moded (S AMM 500 o Nowans Lasad Tebong NIFR

Sea level nise 15 offset by sedimentation and vertical accretion using
average or sie-specific valies for each wetland eategory. Acoretion rates
gy be spatially vasable witlon a gven model dorman,

¢ Accretion:

SLAMM Version 5.0 15 the latest version ol the SLARMM Model, developed m 2006 /2007 and based
on SLANDN 4.0, SLAMM 5.0 provides the fallowing relinerments:

s The capabahity o soulate hxed levels of sea-level nse by 2100 case [PCC estimates of sea-
level mse prove e be oo conservatve;

+  Addibonal model categores such as “Inlend Shore,” “Ieregulary Flooded (Brackish) Marsh,”
and “Tidal Swramp.”

o Optionad noa defined estary, salt marsh, brackish marsh, and ridal fresh marsh can migrate
based on changes in salimty, using a simple though geographically-realistic salt wedge meodel.
This optonal model was not used when ereating results for Nomans Land Island NWR,

Mode] results presented in this report were produced using SLAMM version 5.0.1 whach was
released in early 2008 based on only mmnor refinements to the orginal SLAMD 5.0 maodel.
Specifically, the secretion rates for swamps were modified based on sddinonal literature review, For
a thorough accounting of SLAMM model processes and the underying assumptions and equanons,
please see the SLAMA 5.0.1 technical documentation (Clough and Pargk, 2008y, This document g
available at hop:/ ‘warrenpinnacle. com Speo £/ SLARMM

Al model resulis are subject to uncertamty due to lmtatsons wmonput dats, meomplete knowledge:
about factors that control the behavior of the system being modeled, and simphficatons of
the system (CREM 200E8).

Sea-Level Rise Scenarios
The prmary set of custatic (global) sea level nse scenarios used within SLAMM was denwed from

the work of the Intergovernmental Panel on Climate Chenge (IPCC 20013, SLAMM 3 was run
using the fellowmg IPCC and Axed-rate scenanos:

Eustatic Eustatic Eustatic Eustatic
Scenario 5LR by SLR by 5SLR by 5LR by
2025 (em) 2050 {cm) 2075 [cm) 2100 {cm)
A1B Mean a 17 28 38
AIB Maw 14 30 A8 Ge
1 meter 13 28 48 100
ASmeter | 18 a1 0 150

Recent literature (Chen et al, 2006, Monaghan et al., 2006) ndicates that the eustatic nse in sea
lewels 15 progressing more capadly than was previcusly assumed, pechaps due to dynamic changes in
e flow ommitted within the [PCC report’s caleulations, A recent paper in the journal Seiene
{Rahmstort, 2007) suggests that, taking into gccount possible model ecror, a feasible range by 2100
maght be 50 to 143 cm. A recent US intergovernmental report states " Although no ice-sheet model
15 currently capable of caprucing the glacier speedups in Antaretica or Greenland that have been
ohserved over the st decade, inchiding these processes in models will very hikely show that TPCC

Prpaved for UTFWE 2 15y Siamande omodting, Ine
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AR4 projected sea level rises for the end of the Z1st century are too low.” (US Climate Change
Sewnce Program, 2008)

To allow for flexibality when interpreting the results, SLANMM was also mn assuming 1 meter, 1%
meters of custatic sea-level rise by the year 2100, The A1B- maemum scenaris was scaled up o

produee these bounding seenanos {Figure 1.

Figure I: Summary of SLR Scenarios Utilized
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Anpiinmion o the Yra ! A e Gdacnher Adads! (0228 3 00 D eman e Laieg Lilona T

Methods and Data Sources

LI AR eleratica daks are wnavalzzle for this Manoral Wildhfe Exfage (WIERL Hoovabon daka ased
are Tt ooy Mabiona] Elevadon Datn (52000 Anesenmnmerdon ol e VIED cietadeis mdicates Gl

this dggtal slevadon mep (DM wiz denved froma 1942 zarvey (Fig 2 The consour soervel used
by corree tan LH R wras ben T2k

a4

Frgure 2: Nomuns L.Hllll Ib].EIII.d ]:xl.,::cqjll I:ruzu LSGS ‘\Iat}l
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Figuee 3: W1 Layer over 1) EM laver (grecn). Minor THzcrcpancy at Southern Eod

Comestlbys e DTE0T 2 onvey mle 32 eta vellzmcheales ol thes cpprosarnstsly we boorded sas
refiage faporored soquizbion bovndary) ¢ sonrily compossd of the categoses a2 shown belomn

Dry Land 718%
Swarmp 10.5%
Open Dcean &.0%
Inland Open Water 5.5%
Inland Fresh Marsh 3.6%
Rocky Intartidal 1.2%
Ocean Baach 1.0%

Sages on the MNET coverags, thers sze no dites or mazouns ed wedands withea the Momsans Lacwd

Inlans FNES,

Thetsore lend for sen level e was soiinaled gl 2,565 1onf yoir osres the avesge vl ol e
rare closest statieng (S2491 32, Martacker lelans, MA; 2447230, Woods Hele, Buzzasds Boy, MAY
“I'his pacamrad ranz in ssrnewlak higher than fae global sverzpe fos e lase 100 pears (apeeximmarely
A0 mmyeranl. Anyeffeccs of isnetatic rebound fat have affacted fus regeon for the zst 120

L
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Appdnaion o 2he Sea Level A e Maether Aaded (AN 200w e L dlend T IBH

years are azmuaned o be captazed within Eat histonc aend and that ssoee rats of izostabc rebound =
profected L inte Ve neet 100 veenz
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WiDAA cosarde gages (S448378, Cubnbied, BA; 8428725, Menesnshe: Harbes, MAL The RMAVDES
correcion souree was delerened Qo aearags valies o the Tz dosest s wad: AT dela
(8447920, Woodz Hele, Buzzards Bay, Ma; 8247508, Chatksm, Stage Harhor, WA, 8447435,
Thathem, iz Cown, KA 2047405, Saquanicken Hatbor, 30

Figure 4 NOAA Gages Relevan Lo ihe Sludy Arew,

Ancrtion ates i salt and brackizh nars s e ned wlewanT ke s sins a0 s marsk s appear o0 the
inihal cond:9an, rarin fahre predicnons,

Modeled 175, Pl and W0ldkfe Secvice refags boundszes are based on Appoored Azquzbion
denarsaner as paslishes on dhe FWE tatons slalife Hefage aa e Mesadars™ websine e
rog=hng bzam was in sontackwith Bastern Massachasetts Fahors] T dhfe Zefugs Comalex
Lioloanul Soepherde Fook Lo erwins 1med sl purennietens wees conzsenl wilh Joval krioeledge.
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The cell-size used for tus analvsis was 30 meter by 30 meter eells, However, the SLAMM model
does track partil conversion of eells based on elevaton and slope,

SUMMARY OF SLAMM INPUT PARAMETERS FOR NOMANS LAND

Momans

Land
Description Island
DEM Siource Data (i) 1842
FIAI_phioto_date Dynyd 2005
Direction_CrffShane (M|SEIW) 5
Historic_brend (mimiy} 2 BES
MAVDEE_comestion |MTL-MAVDES n meters) -0.0u2
Water Clepth (M beow ML M) 2
TideRangeticean (maters: MHHW-MLLWE 1.05
TudeRangelnland imatersh 1.05
tlean High Water Soring im aboes MTL) 0.688
AHSW Infand (m ahave MTL) .658
tarsh Erceicn (horz meterstyear) 1.8
Swamp Erosion (horz metershear) 1
TFiat Erosion ihorz meters/vear) [fram 0.6] 0.5
Eak marsh vertical acoretion {mmiyr) Fnal 378
Brackish March wert. accration (mmé) Final 3Te
Tidnd Fresh verics accretion (mméer) Einal 50
Beach/T Flet Szdmentalion Rele jmmiyi 0.5
Frequency of Lerge Storms (yriwashoves) 50
Use Elevalion Praprocessar far Welends TRUE

Prepaedt for LIRS 7 1B v Cnmanls Camiwiting, Jne
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Apiimion o the Yea Lol Qs Macrher Aladal (0 AA2M 500 pe Mlmmase Vg dlons NI E

Resulis

Momezns Land [Eland Mational iildlife B=fuge <= poediched b show some effects fiom s=z level tee.
The velige s predhivled Lo lose ioze e hall el conm Seach 20 Uhe muosl comiea vative seermzio
Smraras and dry e less i pradicread to be less zevere,

SLR by 2100 {m) 0.39 0.69 1 1.5
Diry Land 3% 4% an 5%
Swamp 1% 1% 2% 2%
Ccean Beach SR &2% Q8% a8%

Tredicied Loss Raies of Land Calegones by 2100 Given Stinulated

Scemaros of Fustanic Sea Level Rise

Al 0l SLAMES impul and oulpul o
Zolloesr well ve the followng legend:

Dev. Dry Land [ Ocean Flat
Undev. Dry Land [ Rocky Intertidal
Swamp [  'mand Open Water
Cypress Swamp [ Riverine Tidal
inland Fresh Marsh [0 Estuarine Open Water
Tidal Fresh Marsh [ | Tidal Croek
Trans. Salt Marsh [ Open Ocean
Saltmorsh [ Brackizh Marsh
mangrove [ Inland Shore
Eswarine Beach [ | Tidal Swamp
Tidal Flat [ | Blank

Oeoean Heach D

Lrmngs o o USFIFE 2 Prame s D' Somesdieesy, Toe
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Apiimion o the Yea Lol Qs Macrher Aladal (0 AA2M 500 pe Mlmmase Vg dlons NI E

Momans Land Island MWE
IPCC Scenario ALB-Meaan, 0.39 M S5LR Eustatic by 2100

Results in Acres

Imitial 2025 2050 2075 2100

Open Ocean 11069 1110.0 1117.1 11237 1128.%
Diry Land 4490 447 .8 444 .2 439.5 4356
Swamp 4.5 64.5 | B3 64,5 B3
Inland Open Water 30,5 35,1 | 34.7 34.5 2.5
Inland Fresh Marsh 220 22.0 220 224 22.0
Ocean Beach 11.1 9.5 6.9 5.5 4.9
Recky Intertidal 9.6 9,1 8.1 7.4 5.9
Estuarine Dpen Water 0.0 ra 22 23 31
Tidal Flat 0.0 0.4 0.4 0.1 0.0
Estuarine Baach Q.0 a0 | 0.1 0.5 10
| Votal [incl. water) 700.0 17000 | L7000 | 1700.0| 1700.0

Ferans Land sland, Initia Clond sien

=

Lrmngs o o USFIFE Prame s D' Somesdieesy, Toe
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Fomrans Land [slane, P05 Scemann A70 Kean

Mempan: Land Tland, 2075, Sceopnn AR Rean
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[orans Land Islane, M0, Scemano A7 Kean

Lrmngs o o USFIFE 1. Prame s D' Somesdieesy, Toe

Nomans Land Island National Wildlife Refuge I-13



Appendix I: SLAMM (Sea Level Affecting Marshes Model) Analysis

Apiimion o the Yea Lol Qs Macrher Aladal (0 AA2M 500 pe Mlmmase Vg dlons NI E

Momans Land Island MWE
IPCC Scenario ALB-Max, 0.69 M SLR Eustatic by 2100

Results in Acres

Imitial 2025 2050 2075 2100

Open Ocean 11069 11114 1120.8 11290 1134.8
Diry Land 4490 447.3 4412 4345 A32.4
Swamp 4.5 64.5 | B3 64,5 B0
Inland Open Water 30,5 35,1 | 34.7 34.5 2.5
Inland Fresh Marsh 220 22.0 220 224 22.0
Ocean Beach 11.1 9.0 6.5 5.5 4.5
Recky Intertidal 9.6 &9 7.4 5.5 3.7
Estuarine Dpen Water 0.0 ra 23 3 3.0
Tidal Flat 0.0 0.4 0.4 0.1 0.3
Estuarine Baach Q.0 a0 | 0.4 1.1 11
| Votal [incl. water) 700.0 17000 | L7000 | 1700.0| 1700.0

Lrmngs o o USFIFE 1=z Prame s D' Somesdieesy, Toe
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Apiimion o the Yea Lol Qs Macrher Aladal (0 AA2M 500 pe Mlmmase Vg dlons NI E

MNomene Land Island, 2025, Ecenzse ALE Masamarn

Hormang Land lsland, 2005, Szenace ATE Maxiomam

sarrans Tasd Tsland, 10, Sxenaso AT E Maxi-mare
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Apiimion o the Yea Lol Qs Macrher Aladal (0 AA2M 500 pe Mlmmase Vg dlons NI E

Memans Land |sland NWE
1 Meter Eustatic SLR by 2100

Results in Acres

Imitial 2023 2050 2075 2100
Open Ocean 11069 11129 11234 1133.8 1143.1
Diry Land 4490 A446.5 4384 4330 4303
Swamp 4.5 64.5 | B3 Bd,1 B35
Inland Open Water 30,5 4.7 34.5 34.5 2.2
Inland Fresh Marsh 220 22.0 220 224 22.0
Ocean Beach 11.1 5.4 7.4 4.0 0.2
Recky Intertidal 9.6 &7 &7 4.1 1.5
Estuarine Dpen Water 0.0 1.8 27 3.2 3.3
Estuarine Beach 0.0 0.0 0.8 1.1 1.1
Tidal Flat 0.0 0.5 | 0.4 0.3 0.4
Votal (inclowater) 17000 17000 1700.0 | 1700.0| 1700.0

Ferans Land sland, Initia Clond sien

Lrmngs o o USFIFE 14 Prame s D' Somesdieesy, Toe
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M rans  and lalams, 0%, | o

Meonwmes and Islans, 2075, 1 oneler
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M rans and lalams, 207, | mraber
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Apiimion o the Yea Lol Qs Macrher Aladal (0 AA2M 500 pe Mlmmase Vg dlons NI E

Memans Land |sland NWE
1.5 Metars Eustatic SLR by 2100

Results in Acres

Imitial 2025 2050 2075 2100

Open Ocean 11069 1115.5 11305 1142.1 11484
Dry Land 4490 445.2 434.6 430.6 426.8
Swamp 045 64.4 | 543 B4.0 B3.7
Inland Open Water 30,5 4.7 34.5 3.2 2.2
Inland Fresh Marsh 22.0 22.0 22.0 22.0 22.0
Rocky Intertidal 96 8.3 54 1.5 0.0
Ooean Beach 11.1 7.2 4.2 0.4 0.2
Estuarine Dpen Water 0.0 1.8 27 3.2 3.2
Estuarine Beach Q.0 0.0 14 1.3 0.9
Tidal Flat 0.0 0.5 | 0.4 0.4 0.5
| Total (incl, water) 1700.0 1700 | 1700.0 | 1700.0 | 1700.0

Ferans Land sland, Initia Clond sien

Lrmngs o o USFIFE 17 Prame s D' Somesdieesy, Toe
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Ferans land Ialans, Y005 15 o ober

Iommme Land Tsland, 2075, 1.0 oeler
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Ferans land Talans, W00 0.5 rober
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Apspiseation of the Sea-Leved A ffecting Maesher Maoded (Y AMM 504t Nomaus Land Lrbang NIFR

Discussion:

Muodel results foe Nomans Land [sland NWE imdieate that only the lowest-elevation portions of the
islind (such as the Cobble Spit to the north of the island) are vulnemble to the effects of sea level
nse. Vulnerability of ocean beaches is high relative to other land categones due to its low elevation.
Doy land and swamyp e mn elevatons mestly above sea level nse predictions, so these land categones
are expectsd to reman relatvely unchanged,

hode] results for thes site age subpect to some uncertainty. Diry land elevations are poorly
charactemzed by a low-vesoluten and out-oCdate dygtal elevaton model (rom 1942), Predicted
drv-land loss ates would be refined with & ligher vertieal resolunon and mere updated dataser
(LiDAR, for instanee). Additionally, ocean beach erosion s difficult to precisely characterize with a
celatively simple model [n this analysis, ocean beach elevations were estimated as a function of tidal
cange Because elevanon data have Jow vermeal resolunon,

Diespate the uncertainty ahout what may oceur around the edges of the model domain, the higher

elevanon portions of the island, which compnse the majority of the refuge, may safely be assumed
v e nvulnesalile o sea level nse,

The SLAMM model does account for the local effects of isostatic cebound by taking into account

the hestorical sea level nse for each site. The hastonical rate of land movement is predicted to
contmiie through the year 2100 (Le. the rate of wostate rebound 1 assumed to remam constant,

Prepaedt for LIRS 2 1B v Cnmanls Camiwiting, Jne
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