Coastalfvulnerapliny e
erosion, stoerm hazakes anc
potential future sea-Ievel

rise....

Sclence for adaptation te
future climate variaanity,

S. Jeffress Williams
Coastal Marine Geologist

USGS, Woods Hole Science Center, Woods
Hole, MA



Climate Change- A Gliewing
CONSENSUS

“Changes consistent with! glekal warming ane
already undenwvay acress the Northeast”

(Union| eff Concerned Scientists;, Oct 2006)

“Ilae scientifici evidence IS now: overnwhelming:
climate: change presents Very: serieus glohal rnsks
and It demanads anl urgent glekhall respense:
(Sterm Review: The Econemics of Climaite
Change, 2006)
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science for a changing world

Natural Coastal Hazards

<+ Catastrophic storms (hurricanes, Nor’easters)
storm-surge flooding
shoreline erosion
high winds

+» Coastal erosion
+» Global sea-level rise
+» Land subsidence

< Global and regional climate change

< Earthquakes

+» Tsunamis
+» Landslides

“* Volcanic activity




Primary Processes Driving
Coeastal Change

% Geologic framework and
character

“» Coastal plain geomorphology
and slope

“* Relative sea-level change
global change
land subsidence/uplift

“* Major storm events

tropical storms/ hurricanes
extratropical storms
nor'easters

“* Routine coastal processes
waves, tidal currents and winds

cold fronts and local storms

“» Sediment budgets

sediment sources (headlands, bluffs)
sediment sinks (washover, inlets)

< Human activities

coastal engineering structures
dredging channels, inlets, canals

river modification (dams, levees)

fluid (oil-gas-water) extraction
climate change (SLR, storms)
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Expanding Coastal Populations
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ANNUAL SHORELINE CHANGE

Severely eroding Bl Moderately eroding

Relatively Stable

© 0On the beach:
During the relative

lull in big storms,
coastal development
skyrocketed
GULF/ATLANTIC COASTAL
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2.13 million
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2005: A Record Hurricane Season

NLA. Hurricane season: 1 June to 30 Nevember

27 names storms
15 hurricanes
three Category 5 storms

- 29 Aug, Hurricane Katrina (150 mph winds, 27-35 fit storm
surge, 200 mi dia, 55 fit waves, 920 m cenitrall pressure, 1336
Ffatalities/4000 missing, most costly)

21 Sept, Hurricane Rita (155 mph winds, 15 ft surge)

19/ Oct, Hurricane Wilma (160 mph winds, 882 mib winds, most
Intense)

200a Welgprlas ezl i) recafeleel rllsiio)fYy
20006 277 %
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Effects of sea-level rise

'0Ss of coastal habitats and resources
lncreased heach-npltif-dune-marrshi eresion

Less, ofi recreation) resources (lbeaches,
Marshes)

Salt=water Intrusion te: Wwater wells;, septic
Sy/stems

Elevated sterm-surge fieoding| levels
Greater, moere freguent ceastal Inundation
Increasedi risk te urban infrastructure
Greater risk toer human safety & development



Glebal sea-level change ever the past 160,000 years

Present warm, Sea level 5m Warmer climate,

interglacial time flincie = higher than today glacial melting,
high sea level
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Cooler climate,
glaciation,
low sea level
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(From Merrits et al.)




A Monthly Mean Sea Level from Hampton Roads, VA: 1927 - 2003
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B Monthly Mean Sea Level from Wilmington, NC: 1935 - 2003
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Best Estimates of Climate-Related Contributions to
Eustatic Sea-level Rise (12 to 15 cm)
Over the Last 100 Years

Wastage of Glaciers, Ice

Thermal Expansion Caps, Ice Fields (38%)
of the Oceans

(38%)

Wastage of Antartic Ice Sheet
(0 %?)

Wastage of Greenland
Ice Sheet (24%)




Potential contributions from land based
Ice sheets and glaciers to sea-level rise




Millenial temperature reconstruction (Mann, 1999) compared to the CO,
data from Taylor and Law domes
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Projected global mean temperature rise ("C)

- global average near surface temperature

- |IPCC projections

1850 1870 1890 1910 1930 1950 1970 1990 2010 2030 2050 2070 2090
Source : IPCC




Current and Projected Sea-level Rise

1. The observed rate of sea level rise
averaged over the 20" century is 0.10 to 0.24 m.

2. Rise iIs the result of contributions from:
a) Thermal expansion of the oceans

b) Meltwater from glaciers and ice caps

3. Models project a rise of 0.09 to 0.88 m
with a central estimate of 0.48 m by 2100. IPCC sea-level rise scenarios as determined

from seven global climate models (Church et
al., 2001).

Note: Sea level is likely to double for NC.




USGS Coastal Change Hazards
Research

Goeall Previde the science and Ifermation required te
predict ceastall change and the vulnerapiiit/ el Ceasts
16 coastal chiange lazards at national agdiregienal
SCal s sErthatr thie timan aned EConeMIC COSLS O
coeastal Chan@ge hazands arerrediicedror ellminated:

Cliff coasts Fed, State, Local mitigation Hazard mitigation
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National Assessment of Coastal Vulnerability to Sea-Level Rise:
U.S. Atlantic, Pacific, and Gulf of Mexico Coasts

RISK RANKING
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-65°

National Assessment of Coastal Vulnerability to Sea-Level Rise
E. Robert Thieler, S. Jeffress Williams, Erika Hammar-Klose

hittp://woodshele er.usgs.goVv/project-pages/nps-cvil
http://pulds.er.usgs.qgov/.
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Relative Coastal 76451/
Vulnerability Ld

1 = Geomorphology

2 = Shoreline Change

3 = Coastal Slope

4 = Relative Sea Level Rise
5 = Significant Wave Height
& = Tidal Range
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Suimmany. ofi preliminary: results

e For NC barriers, sea-level rise rate is most important.in
determimng migration ratess Sediment supply modiliesirates:

o1 5500-yx Holocenemodel simulation wiath closure depthrof: =20
m and remoyval ot'4.5 x 107" m? to'shoals reproduces modern
barner/sheliimorphology:

e If sea-level rises 0.9 m by 2100 AD, the NC barriers may
migrate up to 3x more rapidly than at present.

silissea-levelrrisestaboye 1B CE predictionstby 2100 the Ouier
Banksimay become vulnerable to' system=wide “threshold
collapse.”
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U.S. Climate Change Science Progra mf,f “
(CCSE | cieneegov) 4

Synthesmf—a‘rq@ésféaessmey‘roduct 4.1
“Coastal Elevailonﬁﬁé§e
(Leads: EPA, u?e N’@;)A)

itivity to Sea-Level Rise”
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Conclusions

Sea-levelrnise s a prnman/dnver ol ceasial
chiange anadiis rsing. Eutuire rates oii coastal
eresion andiRuneaunenwillNnerease:

Climate chaneeshwarnming the:eceans;, SER
ISl aCCEleratinefaertertennaiexpensieniand
INCeased meltne oirglcciersianeNcCercaps:
Elttirersean evelNsHikelysierne =16HNCHIES
RIgheEr By 2100 Velne e Greenlandrane
Antercuc cotldiurheraccel eraterSLLRE

VWaiminereCEan IEMPSISEEMNONENNCIEaSING
pltlfrlezinle jpieensiey, 1o ctelelfifer) te) zl gieiit) fel| 25
VIRGYClereirstermracuVit Einks toriuiicane
lireguency: aresillisinceriain:

Selencershouldiguiderceastalirmanaeement
aeipeicy adapiaiienNerClnmaienNZiriomiG:

IPCEC;, 2004; NREC, 2002; Hansen, 2005; Alley, 2005;
Churehrand White, 2006; Overpeck et all, 2006;
Emanuel; 20065 OtterBliesner, 20065 Kollkert;, 2006




