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Sea Level Affecting Marshes Model (SLAMM) Analysis

Appdicztion of the o Lvei Affecting Marsbes Mocki (T1_AMM 5.0) to Nantucker NIFR

Introduction

Tidal ymarshes are mmoag the most nuscoptildes cooystoms o chimade change, cspecially accelemed
wea bevel e (SLE). The Imermational Pancl on Climate Change (TPCC) Special Report on
Ernissicans Seenanos (SRES) suggrestod that plalal sea bevel wall incresse by approximately 30 om to
00 e by 2000 (TROC 2000, Rahenatord (2007) miggeests chat this mnge may be oo conservative
and thar the frasible mape by 2000 could be 50 1o 140 cm. Pfeffer ef al. (2008) suppests thag 20 om
Hﬂmhllhwﬂﬁph-umﬁmﬂpdhmmw
eonditions, Risng sea level may result in cdal marsh submergence (Mooghead and Brinson 1595)
ﬂﬂhluﬂp‘l“uﬂmuhhmbhdﬂ@hﬂﬂﬂmﬂw
marsh (Tlark ot al. 1991},

Iumlﬂmlnnkl:mﬂmpnlmﬁ:] cffects of sea level dse on Unied Siaies natona skl
mhp.mu.aﬁhmww.mm&wﬂmwmm
miost Region 4 refages. This snalysis is designed oo assist in the production of comprehenaive

Model Summary

Changes in ehlal manh ana and haldtad type o response o sea-level se wene modefed usang the Sea
Level Affecting Marshes Model (SLAMM 5.0 that sccounts for the dominant processes imvolved in
wethnd comversion and shorehine modificatons during long-term ses level mse (Park e ol 198%

Bureessve versons of the modd have bomn ased 1o comuase the impazts of e level dae oo the
coasts of the LS, (Tha et al, 19 Les, LR, B Pack, and POW, Mausel, 1902 Pask, oA, | K
Lec, 3nd D, Canning 199% Galbesich, H., . Jones, ILA. Pask, |5 Clough, $. Herrod-ulius, 1.
Hassingron, and G, Page. 302; Maibonal Wikllife Federanon o al, 2008 Glick, Chaagh, o al, 207,
Crafy oral, 2008,

Winhin SLAMML there are ﬁvepﬁ.rruj'prnnﬂﬂ:l rhar affect wetland fare under differens secnanns
off sea-lewel pee:

#  [mundation: The dise of water levels and the salt boundary are tracked by redocng
deoons of esch cell & sea levels e, dhus hﬁ-:pi'lﬁmnhﬂe]ﬁ!d
{MTL) comszens si #ero. The effects on exch cell sre calculated based on
ﬂum&luimmddnp:nfmu gell.

=  Erosion: Ercaion 15 trigperesd based on a threshold of mastmam feich and the
prooamiy of the marsh o estmnne water or open ocesn. When these
conditfons are met, bomeonial crosson oooars at s raie based on sibe-
specific data.

Dhverwash: mm&mwmmuﬁhﬂmmw
crverwash dusing esch 25-yesr mme-step dise 1o siomms.  Beach sipration
uﬂwnfmmnhﬂlmd.

= Sanwration Coaital swarmps and frosh manhes can migrate oot adjacent aplands as a
response af the fresh water mbile to fsing sea bovel dose 1o the coass,

Prapearest for USFIFT 1 W arrrw Promack sy, luc
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Sea Level Affecting Marshes Model (SLAMM) Analysis

Appdication of the Sear Lowel Affecting Marsber Madel (F1AMM 5.0 te Nawtwoket NIFR

= Aceretion S level re b affect by sedimentasion and vertieal accection ussng
averge af illc-ipecific vahse fos cach wetland catepary,. Accretlon e
may be spaially vasiable within g given maodel domain,

SLAMM Viersion 5.0 is the et version of the SLAMM Medel, developed in 2006,/ 2007 and based
on SLAMM 4.0 SLAMM 5.0 provides ihe following refnemenss:

e The capability bo stimnilate fued levels of sea-dovel dae by 21060 i case TPCE estimates of sea-
vl rise prove to be oo conservattee

* Additional model categories such as “Inland Shore,” “Treegulasly Flooded (Brackish] Marh,”
apil “Tidal Svmmp.”

o (pgmal Tna defined eapoary, salr mrarsh, brackssh muasih, and ddal fresh manh can migrae
Bissedl o changes in sealinity, using o simple (hough propraphically-ccaliuse sl wedpe imodd
This opeions] mesle] was por ascd when creadng resalts for Mansucker BWWR.

Modd sesults peeseniod in this repon were produced vang SLAMM verdon 50,1 ahich was
releaied in cardy 2008 based on anly snor relinements 1o the anginal SEAMM 50 medd,
Specifbeally, the accretion ated foe swamps wese modfied based on addivional lieerarure review. For
& tharsaph scecanting of SLAMM ssodel peocesses and the anderdving assumptions end equariods,
please s tlee SLAMM 50,1 eechiical docamentasion (Cloagls snd Park, 2008, This document is
svaslable at heipeSwarrenpinmacle comyprodd SLANN

Al mode] results are subject 1o uncorstngy due o Emdtatkons 0 Epat daia, neeenplete knowladpe
abonit factors that contral the behavior of the system being mendelod, and simplifeasions of
the sysdcm (CREM 2008),

Sea-Lavel Rise Scanarios

The peimacy st of cuitatie (global) sca leved e icenarios used watkin SLAMM ous derved Erom
the work of the Intergevernmental Panel an Clirase Change (TPCC 2001). - SLAMM 5 was run
mibag tie lolloedtng [POC and fxed-me scenarion:

Eustatic Eimstatic Eustatic Eusatic
Seenario SLR by ELR by 5LR by SLR by
2028 jem)  BRED (em) 0TS jem) 3100 [em)

A1B Mean B 17 28 9
ATE Max [r ) ) [
1 meter 13 2 48 100
1.5 meter 18 41 70 150

Hocent hterstare (Chen oi 2l 2008, Momaghan e al, 2006 indicates that the eusiatic fse in ses
fevels is progressng more mpilly dan was previoely ssemed, perheps dise 1o dynemsc changes in
ice Ao omitted within the IPOC repon'’s caleulasons, A pecent paper in the joarnal Soee
(Fahamstoc, 2007) susgpears thar, uking ino sccount possible model error, o feasible mnge by 2100
might be 50 po 140 em. A& regent U8 inrenpoveenamenial sepoet smites "Alihoagh no ice-sheet model
is currently capable of captarng the glacer apocdipas in Amarctes of Goeealand that have been
ohserved over the last decade, inchiding these processos in moslels w3l very lkely iboa that [PCC

Preprsd flr LITFUFY z Wiarrrn Dewnuicle Crarmiung, [ac
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Sea Level Affecting Marshes Model (SLAMM) Analysis

A ppinaten of dhy See-Lared [fecomy Marnber Sl (51N 500 d Naosoeokel NIFR
ARA projecied sea bevel mees for the end of the 20sr cemmry ane 1o low,” (U8 Chemare ﬂung;r
Sienor Program, 2008}
Tior alberw for fexibality when moeprenng ihe resules, SLANM vwas also nen assaoming 1 metes, 1'%
meters of custatic sea-lovel me by the year 2000, The A1 B- maxirmam scenario was scaled g i
produce these boanding scenados (Figuse 1).

Flguse 1: Summany of SLR Sornasios Uitidizesd

e 160

A18 Maan #

Sea Level Rise (cm)

Poagreal for LISETFT 3 e Pyomack Cammdveg. L
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Sea Level Affecting Marshes Model (SLAMM) Analysis

AApplication of the Sea Lived A ffecting Marvber Ml (ST AMM 5.0} & Manbwcker NER

Methods and Data Sources

LIDAR ebevation dits sre umivailabile foe this Natomal Wilidlife Refoge (WWR). Elevation data used
are based oh Mational Elevation Dats (NEDY. An examination of the NED metadats indicates that
this digital elevagon map [DEM) was derived from s 1972 srvey [Fig. 2 The consear interval wed
i derive the IEM was ten fecr. The majosity of the refuge falls helow the ren froot contour lne
enestitr there bs algrificant uncrrtamity as 1o dey land clevations at chis site. Beach eleyations were
estimated a5 & Functicn of tilal mnge, 3 peocechiee that 1 also subject b unccrtatnig,

Figure 2: Nantucket Excerpt from U3

The Mamonal Wetlends Inveniary for Manhacket o based on a phato date of 19899, An cxamination
&hmmwmmﬂWIMEﬂQﬂdEﬂﬁ
meters in pluces (Figure 31, Because bewch e estimated o o function of tde renge, using
the SLAKMM clmvation per-pracomsar, this disconnen betaeen vertical MED data and hardzental
beach bocation may mod have o significamt effect on moded predictions. Diry land elevations e
subiject io mote ungerminiy.

Prepared o LIEFIPY 4 [ Y ——
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Sea Level Affecting Marshes Model (SLAMM) Analysis

Applicntian of the Ser Lered Affocting Marster Maded (TLANM 5.0) to Nawtucket NIFR

Figure & Land boundary M#ﬂﬂrﬂnﬂ:ﬂhﬁﬂnﬂh-ﬂtﬂm

Ciomvermng the MW survey oo 30 meter colls mdicabes that the approainaicly teendy e acee
refuge (approved soquisiton boundary mcluding waser) is pomanly composed of the capcgodes as

whiomm beloms

Dy Land 62.5%
Deean Beach 26.6%
Dpen Ooean 10.9%

Based on the NW1 covemge, there ame o ke o impmended weilinds within the NMannacker NYWER-

The histo:c trend for ses lovel nec was estimated at 295 mom, yewr usng tbe vahie aff the eleson
stution (BHI0, Mantucket Daland, MA) This measursd mte & somewhat higher than the global
wverpge for the last 100 years (spproxdmately 1,520 mimy v, Aoy cifecs of boststie sebaound
that have sffected this region for the lase 100 years ane mesnized within that hisiade mead and tha
sane mae of sostatic rebound is progected forwand fmo the negy 1080 years.

Pogparn i LISFAPS 5 [ e —
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Sea Level Affecting Marshes Model (SLAMM) Analysis

Applioation of the SesLevel Affecting Marzbes Mokl (E1AMM 5.0) je Niestwkes NWFR

The tide range ot this site was estimared e 1,089 meters using the elosest NOAA obeanie gage
(8449130, Nantucket Island, MA).

Figwie 4: MNOAA Gage E&Iﬂn&:hﬂyh

Accrction fated in salt snd brackish enarshies are not selevant 1o this site @ oo manhes appear in the
iriizal eondison, Bof B fuhane predictioni.

Modeled LIS Fish snd Wildlife Service refupe boundasies are based an Appeoved Aeguisizion

Bensnadaries as pablished on the PO “Sabomal Wildlife Refuge Data snd Metsdata™ website. The
teaimn worn an comdact with Easterm Massachuisetis Natbonal Wikllife Refope Comple

haerloygiar Secphanic Koch to ecnmste model patameton wene conuistens with local kavadedpe.

Prparnd o LIPS 3 Farrea Phomack Caarnitug, o
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Sea Level Affecting Marshes Model (SLAMM) Analysis

Appdication of the Soa-Level Affecting Marsbes Maded (TLAMM 5.0) to Nastuskes NWR

Thie cell-sire used foe this enalysis was 0 meser by 30 mener cella. However, the SLABMM model

does rack perial eonverdon of ol bused on elevation and slope. [Mote that snce the LiIDAR dat
& more sccugate TXEM, anly the devaton of weihinds dasses lying ouiside of the LIDAR

cleta (in the MED &aea) i Mannscket weno overariten s 8 funcoon of the ool ddal mage wing ibe

SEAMM elevation pe-processar.)

SUMMARY OF SLAMM INPUT PARAMETERS FOR GREAT BAY

Cuai s Harfuciosl
DM Scuprom Dt yyyy) 1852
FYA_phcle:_daks [ty 1065
Cimection_ Gt pNiSRENY) M
el _mpva] STwRiT 205
AT o action i TL SA0VTHE i medeni) .09
Wi Do e b LEL WAL B304 2
Vel pregai ok Gferiarn REHFTVEAELL 1.088
Tuteangeiniand (mesers! 1.088
by Higoh \Alat Spig v ren MTL o724
M inkand [m sbows WTL) 0724
g i b o [ ety | .8
Sesarrp Eroson [horg mesiersmarn 1
TRl E v frons rraihynar] [froen © 8 -3
Sl mand wericsl scceston [ Final 178
Brmciigh blah v SCorH fTiAT Fars are
Tilal Freah vt addimdos (ST Feal 58
BaschiT Flrl Sechenreation Fass (mmdyrl 0.5
Froquersy of Livipe Simems v maainnesd] 50
L [ iwwatios Mreqemereanrs e Vislands. TRUE
Pryparsd o LITFUFY 7 W arrre Promach Canvadtneg, Ty

Appendix H. Sea Level Affecting Marshes Model (SLAMM) Analysis



Sea Level Affecting Marshes Model (SLAMM) Analysis

Appdication of the Soa-Lowe Affectiong Marsher Moded [TLAMM 5.0) o Nowtucksr NWH

Results

Maniucket Mabonad Wilife Refuge is predicied 1o show effeem Froen ses bevel nee. The nefuge
proaicerel go lose about one ffth of its dry lend end hald of (e seean beach B the inoa consoreative

SO,
SLR by 2100 {m] 0.39 0,65 i L5
Dry Land 20% 33% 51% % |
Dewin Beath 49% ET% Lk 8% |
Predicied Loss Haes of Land Categanies by ZH (Ghven Sinmulated
Seenarios of Eustatic Sea Lovel Rise

Htpl of SLANIM i.||.Fru.| ancd it 4

fillcror waill nise ehee Tiollerusing bepenid:
Darv. Doy Land [ Ocaan Flat [
Undery. Dy Lond [N Rocky mteisdal [0
Swomp [  'wosd Openwewr [0
Inland Frash Moreh [ Cstsanine Open woses [
Tidal Froah Marsh [ Tidal Crect [N
Trans. Sobt Marsh [0 oOpon Ocoon [
Snhimarsh [N Brackish Masah [ ]
Mangeove [N tnlend Shore [N
Estunnne Beach [ | Tidal Swomp [
Tidal Flat [ ] Blank [ ]
Oconn Beach [ |
Pt fr LIFFUFS ] e e
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Sea Level Affecting Marshes Model (SLAMM) Analysis

Appdicativn of the Soa-Leved Affecting Marsber Maded [TLAMM 5.0 fo Nontucker NUR

Hantucket
IPCE Seenaria A1B-Mean, 0.39 M SLE Eustatic by 2100

Frsuts. in Acres

Initial 2025 2050 075 2100
Dry Land 178 17.5 16.7 15.7 14.3
Ocean Beach 7.6 B9 6.2 4.8 3.8
Open Oozan 31 4.1 5.5 &0 10.3
Total {Incl. water) .5 285 2.5 S .5
Manmocket, Initiml Condstion
Manmcker, 2025, Scenado AR Mean
Poparnd for USFIFY 9 W arrrs Purwack Cmsondyeg, o
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Sea Level Affecting Marshes Model (SLAMM) Analysis

Appdication of the Sna-Level Affecting Marsbes Moded (TLAMM 5.0) o Nontuckes NUFH

Mlansucker, 2050, Scenano A 1B Mean

Manmdket, 275, Scenano AR Mean

I'l-thﬁl"l-' LISFUE i Warerw Fimmack Canmdiong, lac
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Sea Level Affecting Marshes Model (SLAMM) Analysis

Appiiatn of the Tow Lo Afiecirag Marsber Msdel (S1_AVNT 5,00 fo Namtucket NETR

Mamisder, 21N, Scenena LB Mean

Pt Jar LIS 11 W avrs Mool Caarmineg, [
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Sea Level Affecting Marshes Model (SLAMM) Analysis

Apsdion af M Sei Lol A feting Muarsbes Made! (X1 AMM £.0) fo Nawtucket NIFR

Nantucket
1PCE Scenario A18-Max, .69 M SLR Eustatic by 2100

Risults in Acres
Initial 2015 20 075 2100
Dry Land 178 | 173 | 160 | 138 | 19
Deean Beach 7.6 b 51 39 3z
Open Ocean 3.1 4.6 74 1.7 | 133
| Total(inclwater) | s | s | s | s | a8 |

Mantocket, Initial Condrtion

Manmocket, 20125, Sceneno A 1B Masimum

Prapearea for LSFUTY 12 W arrer Pinwate Copimtiog, (ax
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Sea Level Affecting Marshes Model (SLAMM) Analysis

Agpdication of thr Sea-Love! Affocting Marshes Made! (S1AMM 5.0) fo Nowincket NIFR

Mantucket, 2050, Sconano A LR Maxmam

Munmecket, X075, Scenano A LR Maxsmam

Poparnad for USFUTT 13 I v Pk Cannong, lee
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Sea Level Affecting Marshes Model (SLAMM) Analysis

lppoivar af e Sea- Lol A ffectiny Marsted Mo (TLAAMM 20 fo Nawieokst WIFR

Mamnschet, 2100, Scenase A 1B Maxomum

Prpard o LITFURY 14 W iaevrs Jwnaicde Cpurmicmy, [
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Sea Level Affecting Marshes Model (SLAMM) Analysis

Appliation af the Sor-Lovel Affecting Marvber Mads! (SLAMM 5.0) fo Nawiwoket NWR

Mantucihet
1 Meter Eustatic 5LR by 2100
Aesults in Acres
- initial | 2025 | 2050 | 2095 | 2100
Dy Land ira 170 15.1 123 BB
Ocean Beach 7.6 6.2 36 19 L7 |
Open Ocean 31 53 o8 143 18.0
Totad (incl. water) 5 | W5 | WS | IS | IRE
Manifucket, Initzal Condigon
Nanvnackes, 2005, | meter
Proparsd o LITFIFY 15 i arvra ['vemack Canpmiong, [
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Sea Level Affecting Marshes Model (SLAMM) Analysis

Appcation of the Sea-Level Affecting Marsher Made! (F1AMM 5.0) fo Nawtwoker NI

M annsches, 2050 1 meter

Mentucket, 2075, | mcter

Poagiares far LISFWS 16 W Pramack Cirmanding, i
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Sea Level Affecting Marshes Model (SLAMM) Analysis

Applassin of the Soa-Laved Afftcsing Marsber Madk! (SLAMM 5.0} o Naswivket NWR

Bl unmucket, TN, | meter

Prafured for LUSTFIT T Warmrw Proadk Cascnlting, L
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Sea Level Affecting Marshes Model (SLAMM) Analysis

Appbcaran of the Ser-Level ffecting Marrher Maded (SLAMM 5.0 ta Namtwcker NUF

Mantucket
1.5 Mieters Ewstatic SLF by 2100
Results in Acres
Initial | 2035 W50 | 2075 2100
i Dy Land 178 165 | 134 B9 5.1
Oeean Beach 1.6 5.6 3.7 13 0.8
Open Ocean 3l 5.3 11.4 18.3 1.2
Estuarine Beach 0.0 [ 11] 0.0 [HLt] 0.2
Estuaring g:nn Water 0.0 0.0 oo 0.0 .1
Total {incl. water] ms 285 25 0.5 i L]

Maniadket, Inital Condision

Projaarnd for LITFUFY 18 Wy Prosendy Canvatonp, [
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Sea Level Affecting Marshes Model (SLAMM) Analysis

Applicion of the Tra-Lrved o8 fecttog Maerber Mook (STAMM 5.07 & MNoontuoker NIFE

Mantucker, 2025, 1.5 mcier

Mdmnrucker, 260, 1.5 meer
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Sea Level Affecting Marshes Model (SLAMM) Analysis

Aglicantion of M Se | oew! Al ety Marsbes Moded (T AMM £.0) fe Nimiardet NTFR

Maamicker, 20075 1.5 meter

Manmcker, 21060, 1.5 meter

P for LTS . | Warrvs 'waah ¢ aaradnag, Ie
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Sea Level Affecting Marshes Model (SLAMM) Analysis

Application of the Tna-Leved i ffecting Marsbes Maded (SLAMM 5,07 & Nawtucker NUR

Discussion;

Bloded resules for Mansucker NWR indicate chat it is valnessble 1o the cffeets of s lovel dee under
all scenarios. Vulrerabilicy i relstively high due 1o the genenal susceptibility of oocan beaches 10 sea
leve] s amid 1 lange queantiey of dey land that flls bebow the ten foot USGS contowr.

PModel sl for this siee are subject to considerablie uncertainty. Diry bind devations are poarly
charsctenized by the lowsresohtion NED (froam 1972, Predicted dey-land loss rtes would be
refined with & higher vertcal resolation damser. Addnionally, ocean beach ercsion i diffiouh 1o
jrecisely charscienze with & relatively simple model. Fmally, ooeen besch elevations e evimaned s
a funetion of ddal range boraese elovation data have a low vertical resclution.

Thee SLAMM masde] diocs account for the kol effects of mostatic cobound by taking into accoumi
the historical sea bevel dse for each site. The histodcal e of land movement is predicied o
continue through the yesr 2100 (Le. the rate of woatanc rebound s sssumed to remain constan).

Prepamed for LITFURT Fil | Wprven Pranast Cauvaluy, [ex
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Sea Level Affecting Marshes Model (SLAMM) Analysis

Application of the Sea-Lowe! Affrcting Marsbes Mookd (TLAMM 5.0) fs Nmtucket NIUR
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