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= Sea Level Change
= Global and Relative

= Sea Level Trends and Projections
= [ncorporating Sea Level Guidance
= Other Impacts of Climate Change




Sea Level Change — Two Distinct Attributes

* Global Sea Level
= The average height of all the Earth's oceans

= Caused by the global change in the volume of water in
the world’'s oceans in response to three climatological
pProcesses:
1. Ocean volume change associated with the ice ages
2. Density changes from total salinity

3. Heat content of the world‘s ocean, which recent literature
suggests may be potentially accelerating due to global warming

= Relative Sea Level

» The local change in sea level relative to the elevation of
the land at a specific point on the coast.
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Global Sea Level

The Global Mean Sea Level Trend From Tide Gauges &
Altimetry Suggests a recent Acceleration
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Global Sea Level - The Satellite Altimeter Record
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Sea Level Rise Trends and Projections
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= The Intergovernmental Panel on Climate Change (IPCC) 2007 report projected a 18 to 59
cm sea level rise from a 1.1 and 6.4 °C temperature increase during the 218t century.

» The Rahmstorf (2007) projection (in gray in the above graphic) considers potential
contributions from accelerated ice melt in Greenland and Antarctica which IPCC did not
consider.
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Global Sea Level

Comparison of Peer-reviewed Research
Estimates: Global Sea Level Rise by 2100
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Local Mean Sea Level

National Water Level Observation Network
210 Permanent Stations

Mean sea level is locally derived &
through observations at tide stations Y. gl
and tied to bench marks on land e a

Local mean sea level is dynamic and AP A

influenced by : b, /

» Global Sea level ¥

= Astronomical Tides SR

= Seasonal To Decadal =

Oceanographic/Meteorological | A
Processes N ALY T

= Local Land Movement B e
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Some coastal areas are particularly
susceptible to local sea level rise
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National Tidal Datum Epoch (NTDE)
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= A specific 19-year period that

includes the longest periodic tidal
variations caused by the astronomic
tide-producing forces.

= Averages out seasonal

meteorological, hydrologic, and
oceanographic fluctuations.

AVERAGE DIFFERENCES IN 19-YEAR MSL BETWEEN EPOCH:S
USING 32 LONG TERM STATIONS
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« NTDE’s are updated over time
to account for sea level
change relative to the land.
The present NTDE is
1983-2001.




http://www.tidesandcurrents.noaa.gov/sltrends/index.shtml
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e Sea Levels Online

= Only source for local sea level trends in the United States

= Major contributor to Global Sea Level determlnanon
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Extremes in Relative Sea Level Trends

Regional land
subsidence

Mean Sea Level Trend
Grand Isle, LA 9.24 +/-0.59 mmlyr
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Incorporating Sea Level Change into
Decision-Making

Popular Isianc
“Chesapeake Bay

%

Incorporating sea level in Incorporating sea level change
civil works programs Into restoration guidance =
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Incorporating Sea Level Change into

Decision-Making

Department of the Army EC 1165-2-211
U.S. Army Corps of Engineers

G u | d ance DO cuments CECW-CE Washington, DC 20314-1000

Sgc:"%s-z-m 1 1 July 2009
= Water Resource Policies and SN .
Authorities Incorporating Sea- N CVIL WORKS PROGRAMS.
Level Change ConSiderationS In ! P\ul s¢ ﬂu lu ;I)H“\li lhm l1\|nl Ann\l 1| 1Eul;.m ers '\li.tll'lmlm
Civil Works P rograms (U SAC E) o ',' “,"'“ ‘,’ '“:"",‘ ','f',"“,‘”}'“,{'“j“j"','f

Climate Change (IPCC) predicts continued o
and possibly bevond. wiuch '.\'lll canse a conl

Impacts to coastal and estuarine zones catises
phases of Civil Works programs Programmatic Framework for
. 3 Considering Climate Change Impacts
in Coastal Habitat Restoration, Land Acquisition,
= Programmatic Framework for S e e

Considering Climate Change |
Impacts in Coastal Habitat A=
Restoration, Land Acquisition, and /

Facility Development LR
Investments (NOAA) ,@

http://collaborate.csc.noaa.gov/climateadaptation/Lists/Resources/DispForm.aspx?ID=298 @
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USACE Engineering Guidance: EC-1165-2-211

Comparison of Sea Level Rise Scenarios
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Approach to Incorporate Projected Future Sea Level Change into the
Encinitas & Solana Beach Shoreline Protection Feasibility Study.
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US DOT Impact Study

The Potential Impacts of Global Sea

Level Rise on Transportation This study (October 2008) was
Infrastructure designed to produce high level
estimates of the net effect of sea level
rise and storm surge on the national
transportation network. It was
designed primarily to aid policy makers
at the U.S. Department of
Transportation by providing estimates
of these effects as they relate to roads,
rails, airports and ports.

Part 1: Methodology

http://climate.dot.gov/impacts-adaptations/pdf/entire.pdf @
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US DOT Impact Study

The study applied existing predictions of global sea
level rise from the Intergovernmental Panel on
Climate Change’s (IPCC) Third and Fourth

Assessment Reports %
State of Maryland Statistics
59 em

| Increase in Eustatic SLR lm‘dl |'i At-Risk Total
: Length Km | % Affected | Km | % Affected Kam %% Affocted
Interstates = 0.1 0% 13 o 2 %
{Non Interstate Principal Arterial 6.5 0% 14.4 oA ¢ 2 1%
(NHS Minor Arterials 8.4 1% 573 4 48 %
{National Highway System (NHS) 5.3 0% 134 1 19 1%
Rails 5.5 0% 33.2 1%%) ) i)

Area Aaes | %o Affected | Aces | % Affected Acres *o Affected
|Ports 136 A% in 12%) 208 1%
Airport Propesty 6 1% 51 1] 147 1%
|Airport Ranways 0 0% 2 wef 3 %
|Total Land Area Affected 236,581 44, w797 suf 474,352 %

The study constructed maps based on DEM’s using
NOAA data for a MHHW surface and Highest Observed
Water Levels (HOWL) to incorporate storm surge for
various sea-level rise scenarios
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Other Climate Change Impacts — Relationships to Increased

Intensity and Frequency of storms

Figure 1: Number of Hurricanes and Major Hurricanes Figure 2: Landfalling Hurricanes and Major Hurricanes
(cat. 3-5); Atlantic Basin (1945-2005) (cat. 3-5) in United States
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® Atlantic hurricane seasons since 1995 have been significantly more active, e.g. more
hurricanes and more intense hurricanes, than the previous two decades. (figure 1)

* Earlier periods, such as from 1945 to 1970 (and perhaps earlier), were apparently as active
as the most recent decade.

* The past decade has seen increased U.S. landfalls, however periods of even higher landfalls
occurred early in the century. (figure 2)

http://hurricanes.noaa.gov/pdf/hurricanes-and-climate-change-09-2006.pdf
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Other Climate Change Impacts — Relationships to Increased

Intensity and Frequency of storms

= Qur science is not mature enough to determine what percentage of anthropogenic
climate change and what percentage of natural climate variability is driving our
current hurricanes.

= Scientists disagree as to whether currently a sound basis exists for making
projections on how long the current active period will last.

» Limited understanding of natural decadal variability, combined with its irregular
temporal behavior, preclude definitive statements about how long the active period
will last.

= Natural decadal variability suggests high levels of hurricane activity and U.S.
landfalls for the next decade and beyond since the previous active period (1945-
1970) lasted at least 25 years.

= \Warming suggests more intense hurricanes (e.g., as increasing surface
temperatures provide energy for storm intensification), and some non-NOAA
scientists suggest global warming will cause the current active period to persist.

http://hurricanes.noaa.gov/pdf/hurricanes-and-climate-change-09-2006.pdf @
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Other Climate Change Impacts

= Hydrologic cycles
= Temperature

= Salinity

= \\aves

Lake Huron shorelme near Georglan Bay,
Canada. Researchers have found a gradual
decline in water level in Lake Huron and Lake
Michigan, since 1973. (Credit: iStockphoto)

\"/
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Great Lakes Hydrologic Cycles and Climate Variability

LWD — NOAA Chart Datum ~_ :

http://www.glerl.noaa.gov/data/now/wlevels/levels.html
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WWENES

Climate Change:

Summary
Wave Climate is changing in response to changes

NOAA’s CENTER for OPERATIONAL OCEANOGRAPHIC PRODUCTS

in weather (and wind) patterns and ocean
temperature

= EXxpectincreasing conditions
» Studies continue, stay tuned!

Sea Level Rise impacts initially appear during
“‘events”

= High water, high waves, high wave runup
= EXxpectincreasing frequency

We depend on, and are limited by existing data
= Short records (~35 years), gaps, few extremes
= Climate changing, not stationary

The Field Research Facility, Duck, NC
Warming Ocean Observations and Forecast of Effects

*A potential consequence of a warming
ocean IS mora frequent and mors ntense
wind events (Hurmcanes & Typhoons)

*Ocean waves are caused by winds

Bill Birkemeior

Program Managss
Coatal Freid Oata Cosecton Program
Wilam Betenuec@usace semymit

27 January J010
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Emerging New Products

NOAA CLIMATE SERVICES

imate hang lobz| Sea Level

CllmateWatch Magazme mes | Videos

- . Global sea level is on the rise. The total amount of water on Earth isn't
Climate Change' increasing, but the volume of liquid that fills the ocean basins is growing,
Global Sea Level ' raising the elevation of the sea’s surface and spilling ocean water onto

low-lying land. The extra volume of seawater comes from two places.
By LuAnn Dahlman - Clearly, melting of ice sheets and glaciers on land adds water to the
NOAA Climate Program sea. Less obviously, water expands as it warms, so the more heat
Office energy the ocean absorbs, the more space its water requires. On our
August 30, 2009 warming planet, scientists expect both of these processes to continue
and possibly accelerate.

View Printable Version

Rate This Article:

New York (feet)
o

Rating: 4.0/5 (4 votes casl)

Water Level at The Battery,

1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

http://www.climatewatch.noaa.gov/2009/articles/climate-change-sea-level @
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Emerging New Products

< NATIONAL OCEANIC AND
, ATMOSPHERIC ADMINISTRATION

PSCP Home About HOAA Contacts Staff Directory Help Admin | \ » SEARCH

Pacific Storms climatology products

Coastal storms, and the strong winds, heawy rains, and high seas that accompany them, pose a threat to the
lives and livelihoods of the peoples of the Pacific.

To reduce their vulnerahility to the social, economic, and environmental
risks associated with these phenomena communities and husinesses,
as well as government agencies and the scientific community, need
access to information that enables them to hetter understand,
anticipate, and adapt.

X EgniReL il This site provides access to an integrated suite of products that

delineate patterns and trends of starm frequency and intensity -
N“"";:::'C‘e'“:(‘e‘i@ "storminess"- within the Pacific region. The intent of these products is to

U5 Departmest of Commerce help users to explore how extreme events have been expressed
historically and may be expected to be expressed in a changing climate.

image Courtesy of NOAA OSEI
University of Hawai'i
Seu Level Center

Go to the query tool tc:ynter-annual and annual extremes climatology-related data products by region

IA_&Z_ process, indicator, and#froduct type.

Oregon State Univessit o . o " 3 .
This site also provides access to information that will help users to learn about the climate-related processes
7 that govern extreme storm events.

To get an overview of the extremes climatology for various regions within the Pacific, including a description of
event types characteristic of a region, simply select the region of interest by clicking on it on the map below.

\;, Go to the regional overviews to get a summary of the extremes climatology for various regions within the
Pacific, including a description of characteristic event types for a region.

Privacy Policy | FOIA | Information Quality | Disclaimer | USA.gov | Ready.gov | Contact Webmaster

http://www.pacificstormsclimatology.org/
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NOAA Coastal Services Center
DIGITALCRAST

The Digital Coast Partnership ...cccumisuiay

IT STARTED WITH A VISIOM. Workin't it be greatif ooastal datawefe acemsable

fiam cne wekiite? A the ite coukd oo inchde e tairisg and ook needed 1 tea Digital Const Partnars
these datainto uosful infarmation? And exanyples—the sie sheull plovide examples 1o 2 i e
athefs can lealn + Rathend fesactrim of Coavis
Tools Are e weTe drewming— okt we cme a [t b desef o changing the vl ifthe | T oa
ske was uednat only by the fedefal govefnmest, but othe piivate 52t and nanplefits, ""“"':;'F
Sea Level Rise and Coastal Flood Frequency Viewer Py itama, ks g sy o Sk s, (2P
Produced and distributed by the NOAA Coastal Services Center fe woud huppen Fthese gleups valtingtog
« The Kot Corsanvancy
Tha Digital Coast wa: devaloped Za
Use the slider bar beside the map to see how rates of sea level rise will impact a community. Flooding by the Netoral Ocesnicand
frequency information is also provided. This visualization tool {the prototype was developed for Wilmington, Atmaspheric Administration (NCAR) Partner Benefits
Delaware) is helpful for those involved in coastal planning and any effort to educate citizens about local sea Ieioupioras \n i visioe: {sss bin « Easir acces, Dok i, wek,
level rise i dowrd oad detn and wasily access s
evel rise issues, o e i e il g,
appbcation ewenpies + Nollty 105330010 frhre phases of
Features otz
@mAA%fusff"‘—cﬁ'l» = ) : ) Fhaas ane mcsrp orates deta served + Opartanity s patipmRn
= Portrays sea level rise scenarios and potential bythe NOAA Comrts| Services Camrtec Gt s
S€A LEVEL RISE WPACTS FOR WILINGTON, DELAWARE i Phaaetwo s baing led by the Digital
I . impacts o k. Theseparmen, + Aoy 0 oAt 03 nateed,
who are et primary usens of the unilod meeiment o e st
: . r contunt providers, wil hel .
Uses maps with prominent landmarks to m;i'hh‘ 25 °'P'“":.""9""
increase recognition vall be added during phase two and of . :
future exparuion efiarts.
llustrates how sea level rise will increase tidal
TO LEARN MORE,
- flood Frequency contact Nicholas (MIK) Schmidt 3t 1242) 7401237 or NI ol s. SCmiab oo s gov.
. . Data Requirements DIGITAL COAST
Launch Now i
_ * High resolution elevation data SOAA C 18 ;
nJS herThan mm BT L N e ) R

http://www.csc.noaa.gov/ @
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News and Alerts
[2009-08-28]
MOAA Report Explains Sea

Level Anomaly this Summer
along the Atlantic Coast

ALERT: East Coast water OAA Tchic Repod NOS CODPS 961 _ -

ELEVATED EAST COAST SEA LEVEL ANOMALY:

levels are currently running Bt 2008
above predicted tides

Starting m early June 2009, observed udes have bheen increasngly elevated above
predicted tidal elevations g the entre U.S, East Coast from Mane to the east
coast of Flonda. Dunng the peniod from June 19 thru June 24 for mstance, these
water levels were runnng between 0.6 to 2.0 feet sboave normal depeanding upon
location, As of July 1, these anomalies continue, but running lower at 0.3 to 1.0 L.
above normal. It is not unusual for smallér regons and estuaries along the U.S. East
Coast to expenence this type of anomalous event at this time of year, howeaver the
fact that the geog
event 1 anomalous, CO-OPS will continue to momstor this event and will p
further mformation on the causes, amplitus J-_. geographic extent, and the duration
of the event

[2009-07-02]
East Coast water levels running
above predictions

raphec extent of this event that includes the entire East Ce

For further information, please contact:

User Services

Center for Operational Oceanograptec Products and Services (CO-OPS)
1305 East-West Highway |
Séver Spnng, MD 20910-3281 -\‘__/y
E-mail: Uger Services

Sliver Spring, Maryland
August 2009
Back to Tides & Currents

noaa Nationat Oceansc and Atmosphers Admendstration

U3 Department O Commerce
Natioeal Ocean Service

Coriter fox Opeeational Oceancgraptuc Products snd Services

http://tidesandcurrents.noaa.gov/publications/EastCoastSealevelAnomaly 2009.pdf
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Additional Resources

=  NOAA Climate Services: http://www.climate.qgov/#understandingClimate

= Useful links from the ICC: http://www.ipcc.ch/links/links.shtml

= CCSP, 2009: Coastal Sensitivity to Sea-Level Rise: A Focus on the Mid-Atlantic Region. A
report by the U.S. Climate Change Science Program and the Subcommittee on Global Change
Research. [James G. Titus (Coordinating Lead Author), K. Eric Anderson, Donald R. Cahoon,
Dean B. Gesch, Stephen K. Gill, Benjamin T. Gutierrez, E. Robert Thieler, and S. Jeffress
Williams (Lead Authors)]. U.S. Environmental Protection Agency, Washington D.C., USA, 320

PP.

= Church, J.A., Aarup T., Woodworth P.L., Wilson W.S., Nicholls R.J., Rayner R., Lambeck K.,
Mitchum G.T., Steffen K., Cazenave A., Blewitt G., Mitrovica J.X. and Lowe J.A. (2010) Sea
Level Rise and Variability — Synthesis and Outlook for the Future. (Chapter 13 in
Understanding Sea Level Rise and Variability eds. Church J.A., Woodworth P.L., Aarup T. and
Wilson W.S. Wiley-Blackwell)

= NOAA Technical Report NOS 2010-01. Technical Considerations for Use of Geospatial Data in
Sea Level Change Mapping and Assessment (will be available online soon).

= CCSP, 2008: Impacts of Climate Change and Variability on Transportation Systems and
Infrastructure: Gulf Coast Study, Phase I. A Report by the U.S. Climate Change Science
Program and the Subcommittee on Global Change Research [Savonis, M. J., V.R. Burkett, and
J.R. Potter (eds.)]. Department of Transportation, Washington, DC, USA, 445 pp. @
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http://www.climate.gov/
http://www.ipcc.ch/links/links.shtml

Questions

http://tidesandcurrents.noaa.gov/
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Background
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Causes of Sea Level Change

“® Thermal Expansion (~ 1 meter potential)
® Water Exchange with Continents (potential)
— Greenland Ice (7 meters)
— Antarctic Ice (60 meters)
— Mountain Glaciers (0.5 meter)

— Terrestrial Water Storage Variations (< 0.5 meter)
— Other (halosteric, etc.)

ASL .= ASL

+ ASL

Thermosteric + A‘SL
+ ASL

T ASL
517 A‘S L()I‘her

Total Greenlan Antarctica

Glaciers Storage

SOURCE: R.S.NEREM, BOWIE LECTURE FALL AGU 2005
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The ground elevation at BM “2075A" will become increasingly inundated

even if the present day relative
sea level rise (RSLR) remains constant in the future.

Estimated Effects of RSLR on Frequency and Duration of Inundation for Port Fourchon, LA
Using Present Rate of Sea Level Rise
Using Ground Elevation at Bench Mark
“2075A“
Occurrences of Elevation Rise
Inundation Duration of Inundation  Above 2010 MSL
(hours (percent of total
5-yr Time Period  RSLR rate mm/yr) (# of tides) time)) (meters)

2005-2009 9.24 1 7 (<1%) -
2046-2050 9.24 3 623(<1%) 0.4
2096-2100 9.24 569 405(19%) 0.8

Note: In 2005-2009, and in 2050, the average inundation above ground level
occurs only during major storm events. In 2100, inundation would occur at many
of the normal daily high tides as well, with average inundation of 0.10m. @
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Climate Change Impacts:

More Intense Storm Impacts

Key Impacts
= Ship and ground traffic delays
= Port closure
= Shipping service disruptions
= Evacuations
= Debris and infrastructure damage

Hurricane lke damage (Source: NOAA)
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Impacts of Relative Sea Level Rise at

Port Fourchon, LA

*Tidal bench mark elevations can be used to estimate ground elevations. Bench Mark 2075A 2003
is 0.638m (2.09ft) above Mean Higher High Water (MHHW). T he ground elevation at BM “2075A”
will become increasingly inundated even if the present day relative sea level rise (RSLR) of

9.24 mm/yr remains constant in the future.

* In 2005-2009, and in 2050, the average inundation above ground level occurs only during major
storm events. In 2100, inundation would occur at many of the normal daily high tides as well,

with average inundation of 0.10m.

LARTENED . gl

-

Location of Bench Mark
8762075 A 2003
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8762075 PORT FOURCHON, LA - Observed Inundation Above Ground
Level at BM "2075A" during Hurricane Gustav in September 2008
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8762075 PORT FOURCHON, LA - Project inundation Above Ground Level at BM
"2075A" for a Gustav-type Storm in 2100 using a RSLR of 9.24 mm/yr.
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