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Coastalisystems respond aynamicailly.
tormanyenvirenmental factors andiPrLeCESSES

e Geologic framework and character
Geomorphology, slope, elevation
Sea-level change )
global change
land subsidence & uplift
Storm events
tropical storms/ hurricanes
extratropical storms, nor’easters
e Daily coastal processes
waves, currents & winds
e Sediment budget
sediment sources and pathways
sediment sinks
e Human activity
coastal development & infrastructure
coastal engineering structures
beach & dune nourishment
dredging (channels, inlets, canals)
river modification (dams, levees)
fluid (oil-gas-water) extraction
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Dauphin Isl., AL, post-Katrina/Rita
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Eresion aifects allF S0 coastalistates
60-80 % 6l coast IS ereding

ENGSION  caused by Complex pPrecesses
Rates are highly varable i time & space
Sealevelichange s highly varahble

s Coastalipepulatiensthave deubled
« ~501% live aleng coasts
o Infrastructure about $9 trillion
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(Calses oliSealllevel Change:

1. Ocean volume change ~
- melting land based Ql;g
ice sheets and glaciers
- thermal expansion
- freshwater storage

2. Changes in distribution
of solid earth and oceans
- changes in ocean circulation

Terrestrial water
Ocean-atmosphere storage

interaction m

Qcean circulation

Vertical land

(Milne et al. 2009)

- vertical adjustment of the earth’s crust

- gravitational effects
- adjustment of earth’s rotation

** Need to recognize that there are large spatial variations
In sea-level change. SLC rates are site-specific



Glehal 'sea=levelichange over the past 1'60;000NEarS
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ssSeallevelfhasibeenrnighly varableduertornatural PreCESSES

s Seallevel =120imiE 00 Iowerand +H4-6 i mN (206  nigher than present
(Chappelli& Shackieton; 19865 Merntts et al:; 1998)




Past, present, and potential future average rates
of sea-level rise: reliable prediction relies on
understanding the recent, historic, and geologic
record of sea-level change

“Projections”
(Rahmstorf, 2007)

“ . ” - “Instrumental record”
(gﬁ-bolggslcj_gggt (Church and White, 2006)

Horton et al. 2009) \

Rate of SLR (mm/yr)

Years before present

(Geonlegic past: = L mm/yr ~19thCte 1990 I mmy/yr 1992-2009: 3. 3rmm/y/i;



NOAAtIde gaugerstations With i FeCoLAS EXCEEUING SONVIS
providereliablerrates o relative sea-Ievelschange
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Atlantic Ocean Global rise last
317203 mmyr’ 4000yrs
<1 mml/yr

3.17 +0.30

(Ben Horton et al)



Coastal Vulnerability torSea-level Change:
ALPreliminan/ Naticnal ASSessment

VAT AaSECIONIGIACLOISHHUEN anNgeWaveEhEeEIghs egIonalSIGPE;
NISEEHIGShGREITNEIChAanNgeENate N gERMOLPHOIGOYRSINrate

National Assessment of Coastal Vulnerahility to Sea-Level Rise:
U.S. Atlantic, Pacific, and Gulf of Mexico Coasts

RISK RANKING
- oy High
Moderale w Very High

600 Kilometers

-65°
(romahnielerrandisammar=KIeser1: 999200025 2000h)

http://woodshole.er.usgs.gov/project-pages/cvi/



The USGS/NPS CVIi project

CVI study sites in the Contiguous U.S. | _ CVI study sites in Hawaii,
T Alaska, and U.S. Territories

Sleeping Bear Dunes NL
' .- - - : - Kenai Fjord NP
Cape Cod NS Cumberland Island NS Golden Gate NRA Glacier Bay NPP
Fire Island NS Assateague Island NS Point Reyes NS Kaloko-Honokohau NHP
Gateway NRA Dry Tortugas NP Olympic NP NP of American Samoa
Gulf Islands NS Padre Island NS Apostle Islands NL  Virgin Islands NP
Cape Hatteras NS  Channel Islands NP Indiana Dunes NL War in the Pacific NHP

Ntp://WO0ASNGIE.er.usgs.gov/project-pages/nps-cvi/ E



‘Areas of Delaware inundated by expected sea level rise in this century (red), by
Greenland (orange), and by the West Antarctic (yellow). Light green are the areas
that would be inundated by additional loss of the entire Antarctic, but the
probability and time constant of this are very poorly estimated. Impact of sea level
rise on Delaware, due to ice melt from Greenland and the West Antarctic combined.

The remaining land areas are shown in green.’




Coastal Elevations

s Elevation’is a critical factorin
aSSessing potentialiimpacts
(Specifically; inundation)

Atlantic
Ocean

o Currentielevation data'do not
provide the degree of
confidence needed for
guantitative assessments for
localldecision making

o Collection offhigh=guality Minimum sea-level rise
elevation data‘(lidar)wouldihe that can be modeled
valuable

Erom CCSP/SAP 4.1 chapter, 2



Ocean Coasts
(Chaptern s, CESP/SAPY)

It is virtually certain that
erosion will dominate changes
In shoreline position along the
mid-Atlantic ocean coasts in
response to sea-level rise and
storms

For higher sea-level rise
scenarios, it is very likely that
some portions of the mid-
Atlantic coast will undergo
large changes which will
depend in part on local

geologic and oceanographic
conditions

Some barrier island coasts

will likely cross a threshold
and become prone to more

rapid landward migration or
segmentation
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BUE = Bluff and Upland Erosion

OEIB = Overwash, Erosion, Island Breaching|

? = Indicates that the condition could be marginal
T = Threshold Condition

74° 72°



Greeniandice sheetmeltingis accelerating!

x
1992 2002 2005
Balanced ice mass by build-up in Ten years later, in 2002, the In 2005, melting accelerated
the center and melting at the summer melting was much dramatically. And continues.
coast. greater.

Source: ACIA, 2004 and CIRES, 2005



Coastal Fleoding i Chareston, SC
(Urlan envirenmental impacts)

NoNNee)

« NOAA/NWS Charleston
Issues coastal flooding
advisories for +2 m tides

« 2 m tides typically predicted
to occur four times a year

* With 0.5 m SLR, this
advisory could be issued
255 times a year



Severalffederaliagencies; NGOSs; and NEStates

areplanningrierSER

A Eew Examples:

USGS: Researchinto climate}change; geologicrecordiofiSIEC; coastal changeand vulnerability
NOAAL New Climate Change office; adaptation guidance website

USGS/INOAAT DeC 2009, community-based workshopion SR INUNdation eifects
NPS/USEWSHSLERplanning underway for. coastalfparksiand refuges

ERPA-Modeling effects on wetlands

USACE: Guidance memo ofiSERplannings SR commItiee in progress

EEMAT assessing SLLR effects on Eederal Floodinsurance Program; diSaster,response

INCWWESCLEESSierra Clubs planning;assessing impacts; mapping habitats

Maine: 2 trise/100yrs ior,sandy shores & dunes

New Hampshires 2 itrise by 2100

Massachusetts: Coastal lHazards ' Commission 2007 reportiand recommendations
Rhode Island: Climate Change and SLRdraftireport; May 2009

Connecticut: Gl CoastalfHazards Portal ' webisite

NewYork: ‘centralrange: 12-23'ns; rapidice melt:41-551ns

New Jersey: Planning under,Goy Christie uncertain

Delaware: 0.5-1.5m by 2100 for. ‘low to high* sensitivity to' SR

Maryland: MD Coastal Program SLLR Response Strategy report

Virginia: Lidar,data collection in coastal zone



Conclusions

Climate i1s complex. Earth'is warming, climate is
pecoming more variable, less predictable.
Unprecedented rate and magnitude of,.change are
concerns for,numans and ecosystenis.

@Coastal systems are dynamic: SLR;Sterms,
sedimentsupply are primary drivers oficoastal
change: Eresion; inundation and fioed i frequency.
likely teincreases Mid-Atlanticistates are highly.
vulnerablerduetoland 'subsidence:

@ceans are warming,ice sheets melting: SERIS
accelerating. Euture sealevel =1'm higher, by 21.00;
higherdlocally: Greenland and\West Antarctica
rapid melting are’ concernnis.

eaReduceNVuInerapiitysaeniaicCeNesiency s

INCTEeaseISCIENCead  ImonenngRintegrate
coastal/climate 'sciencein coastal zone planning;
managementiand engineering

Adaptation: planfor.arange ofi SLR effects, use
principles of “resilient® and “storm-smart” coastal
planning tools; incorporate SLR in regulations and
programs; restore natural proCesses



Sea-level rise over the last 18,000 years based on geologic record

0 1 2 34 56 7 8 91011 1213 14 15 1617 18
Age (kyr)

Fairbanks 1989
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