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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

processes: 

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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Church et al., 2006 (red)

Satellite altimetry (green)

~2.9 mm/yr 1993-present

~0.7 mm/yr, 1870-1935; 

then 1.8 mm/yr 1936-

2001

Two primary causes of 

global sea level rise:

• Thermal expansion

• Addition of water volume 

(glaciers, ice sheets, etc)

m
m

Global Sea Level 

The Global Mean Sea Level Trend From Tide Gauges & 

Altimetry Suggests a recent Acceleration

Holgate and Woodworth, 2004 (blue)

~1.7 mm/yr 1948-2002
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The overall global rate from 

multiple missions.  Coverage from 

60N to 60S from 1993 to present.

There is a diversity of regional 

rates from satellite altimetry 

that go into the computation of 

the overall global rate.

Global Sea Level - The Satellite Altimeter Record 
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Sea Level Rise Trends and Projections

IP
C

C
, 2

0
0

1

IP
C

C
, 2

0
0
7

Rahmstorf (2007)

 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 21st 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 
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Mean sea level is locally derived 

through observations at tide stations 

and tied to bench marks on land

Local mean sea level is dynamic and 

influenced by :

 Global Sea level

 Astronomical Tides

 Seasonal To Decadal 

Oceanographic/Meteorological 

Processes

 Local Land Movement 

Local Mean Sea Level

GRAND ISLE, LOUISIANA

.

National Water Level Observation Network

210 Permanent Stations

LOWER CHESAPEAKE BAY

Some coastal areas are particularly 

susceptible to local sea level rise
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National Tidal Datum Epoch (NTDE)

 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.

• NTDE‟s are updated over time

to account for sea level 

change  relative to the land.

The present NTDE is 

1983-2001.

AVERAGE DIFFERENCES IN 19-YEAR MSL BETWEEN EPOCHS 

USING 32 LONG TERM STATIONS
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 Only source for local sea level trends in the United States

 Major contributor to Global Sea Level determination 

Sea Levels Online

http://www.tidesandcurrents.noaa.gov/sltrends/index.shtml
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http://tidesandcurrents.noaa.gov/sltrends/sltrends.shtml

Extremes in Relative Sea Level Trends

Regional land 

subsidence

Regional land 

isostatic rebound
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Incorporating Sea Level Change into 
Decision-Making

Incorporating sea level in 

civil works programs

Popular Island

Chesapeake Bay

Photo Credit: USACE

Incorporating sea level change 

into restoration guidance

New Orleans
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Guidance Documents

 Water Resource Policies and 

Authorities Incorporating Sea-

Level Change Considerations in 

Civil Works Programs (USACE)

 Programmatic Framework for 

Considering Climate Change 

Impacts in Coastal Habitat 

Restoration, Land Acquisition, and 

Facility Development 

Investments (NOAA)

Incorporating Sea Level Change into 
Decision-Making

http://collaborate.csc.noaa.gov/climateadaptation/Lists/Resources/DispForm.aspx?ID=298
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Approach to Incorporate Projected Future Sea Level Change into the 

Encinitas & Solana Beach Shoreline Protection Feasibility Study.  

USACE Engineering Guidance: EC-1165-2-211
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http://climate.dot.gov/impacts-adaptations/pdf/entire.pdf

This study (October 2008) was 

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.

US DOT Impact Study
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The study applied existing predictions of global sea 

level rise from the Intergovernmental Panel on 

Climate Change’s (IPCC) Third and Fourth 

Assessment Reports

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

US DOT Impact Study
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Other Climate Change Impacts – Relationships to Increased 
Intensity and Frequency of storms

http://hurricanes.noaa.gov/pdf/hurricanes-and-climate-change-09-2006.pdf

• 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)



NOAA’s  CENTER  for  OPERATIONAL  OCEANOGRAPHIC  PRODUCTS  and  SERVICESNOAA’s  CENTER  for  OPERATIONAL  OCEANOGRAPHIC  PRODUCTS  and  SERVICES

Other Climate Change Impacts – Relationships to Increased 
Intensity and Frequency of storms

http://hurricanes.noaa.gov/pdf/hurricanes-and-climate-change-09-2006.pdf

 Our 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.
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Other Climate Change Impacts

 Hydrologic cycles

 Temperature

 Salinity

 Waves

Lake Huron shoreline near Georgian 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 CyclesGreat Lakes Hydrologic Cycles and Climate Variability

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

LWD – NOAA Chart Datum

LWD – NOAA Chart Datum
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Summary

 Wave Climate is changing in response to changes 

in weather (and wind) patterns and ocean 

temperature

 Expect increasing conditions

 Studies continue, stay tuned!

 Sea Level Rise impacts initially appear during 

“events”

 High water, high waves, high wave runup

 Expect increasing frequency

 We depend on, and are limited by existing data

 Short records (~35 years), gaps, few extremes

 Climate changing, not stationary

Climate Change:  Waves
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http://www.climatewatch.noaa.gov/2009/articles/climate-change-sea-level

Emerging New Products
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Emerging New Products

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

http://www.csc.noaa.gov/
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http://tidesandcurrents.noaa.gov/publications/EastCoastSeaLevelAnomaly_2009.pdf
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Additional Resources
 NOAA Climate Services: http://www.climate.gov/#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.

http://www.climate.gov/
http://www.ipcc.ch/links/links.shtml
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http://tidesandcurrents.noaa.gov/

Questions



NOAA’s  CENTER  for  OPERATIONAL  OCEANOGRAPHIC  PRODUCTS  and  SERVICESNOAA’s  CENTER  for  OPERATIONAL  OCEANOGRAPHIC  PRODUCTS  and  SERVICES

Background
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SOURCE: R.S.NEREM, BOWIE LECTURE FALL AGU 2005
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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 
“2075 A “

Occurrences of 
Inundation Duration of Inundation

Elevation Rise 
Above 2010 MSL

5-yr Time Period RSLR rate mm/yr) (# of tides)
(hours (percent of total 

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. 

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.
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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 Ike damage (Source: NOAA)

Missouri River flooding, 1993
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Location of Bench Mark 

8762075 A  2003

•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.

Impacts of Relative Sea Level Rise at 
Port  Fourchon, LA

In

• 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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8762075  PORT FOURCHON, LA - Observed Inundation Above Ground 
Level at BM "2075A" during Hurricane Gustav in September 2008

Tide gauge limit exceeded

Ground at BM A was inundated 

only once in 5- year period 2005-2009
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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.

Tide gauge limit exceeded

Ground level at BM A would be 

inundated 569 times for a total 

of 405 hours for a similar 5-year 

period 2096-2100


