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1. Purpose This circular provides United States Army Corps of Engineers (USACE) guidance
for incorporating the direct and indirect physie#fects of projected future sea-level change in
managing, planning, engineering, designing, constrgictiperating, and maintaining USACE
projects and systems of projects. Recent climate ndsés the Intergovernmental Panel on
Climate Change (IPCC) predicts continued or accelerdtdxhlgwarming for the 21st Century

and possibly beyond, which will cause a continued or aateldrise in global mean sea-level.
Impacts to coastal and estuarine zones caused by sealangle must be considered in all
phases of Civil Works programs.

2. Applicability. This Circular applies to all USACE elements having Civilrkgo
responsibilities and is applicable to all USACE iCWorks activities. This guidance is effective
immediately, and supersedes all previous guidance onuthjiscs. Districts and Divisions shall
inform CECW of any problems with implementing thisdparce.

3. Distribution StatementThis publication is approved for public release; distribution is
unlimited.

4. ReferencesRequired and related references are at Appendix glogsary is included at the
end of this document.

5. Geographic Extent of Applicability

a. USACE water resources management projectsamaqu, designed, constructed and
operated locally or regionally. For this reason, itriportant to distinguish between global mean
sea level (GMSL) and local (or “relative”) mean sea I€MESL). At any location, changes in
local MSL reflect the integrated effects of GMSL ofa plus changes of regional geologic,
oceanographic, or atmospheric origin as described ireAqlig B and the Glossary.

b. Potential relative sea-level change must be dereil in every USACE coastal activity as
far inland as the extent of estimated tidal inflcen Fluvial studies (such as flood studies) that
include backwater profiling should also include patdnelative sea-level change in the starting
water surface elevation for such profiles, where appatg The base level of potential relative
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sea-level change is considered the historically cembchanges for the study site. Areas already
experiencing relative sea-level change or wheragbsare predicted should analyze this as part
of the study.

6. Incorporating Future Sea-Level Change Projastiato Planning, Engineering Design,
Construction, and Operating Projects.

a. Planning, engineering, and designing for sea level change must consider how sensitive and
adaptable 1) natural and managed ecosystems dmohin systems are to climate change and
other related global changes. To this end, consider the following two documents:

(1) The Climate Change Science Program (CCSP) Syntmes&ssessment Product 4.1
(SAP 4.1)Coastal Sensitivity to Sea-Level Rise: A FocuserMid-Atlantic Regiomletails both
how sea-level change affects coastal environmentsvhatineeds to be addressed to protect the
environment and sustain economic growth. SAP épiesents the most current knowledge on
implications of rising sea levels and possible adaptgponses.

(2) The National Research Council’'s 1987 reRas$ponding to Changes in Sea Level:
Engineering Implicationsecommends a multiple scenario approach to deal with key
uncertainties for which no reliable or credible lpabilities can be obtained. In the context of
USACE planning, multiple scenarios address uncertaimdyh&lp us develop better risk-
informed alternatives.

b. Planning studies and engineering designs stomuidider alternatives that are developed
and assessed for the entire range of possible future regea-tével change. These alternatives
will include structural and nonstructural solutipnsa combination of both. Evaluate
alternatives using “low,” “intermediate,” and “high” rates of future sea-level change for both
“with” and “without” project conditions. Use the hisic rate of sea-level change as the “low”
rate. Base “intermediate” and “high” rates on thecfelhg:

(1) Estimate the “intermediate” rate of local mean sealtlgvange using the modified NRC
Curve | and equations 2 and 3 in Appendix B (see Figures B-9 and B-11). Consider both the
most recent IPCC projections and modified NRC mtopes and add those to the local rate of
vertical land movement.

(2) Estimate the “high” rate of local sea-leveange using the modified NRC Curve Ill and
equations 2 and 3 in Appendix B (see Figures B-9Bxid). Consider both the most recent
IPCC projections and modified NRC projections and add those to the local rate of vertical land
movement. This “high” rate exceeds the upper bowhdBCC estimates from both 2001 and
2007 to accommodate for the potential rapid loss of ice fratargtica and Greenland.

c. Determine how sensitive alternative plans and designto these rates of future local
mean sea-level change, how this sensitivity affeatsulated risk, and what design or operations
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and maintenance measures should be implemented to minimize adverse consequences while
maximizing beneficial effects. Consider sensitivity relative to human health and safety,
economic costs and benefits, environmental impacts, and other social effects. Address risks for
each alternative and each potential future rate of sea-level change (“low,” “intermediate,” and
“high”). For those alternatives sensitive to sea-level change, evaluate the potential timing and
cost consequences during the plan formulation process.

FOR THE COMMANDER:

4 Appendices: ' ALEX C. DORNSTAUDER
APPENDIX A:. References Colonel, Corps of Engineers
APPENDIX B: Technical Supporting Material Executive Director of Civil Works

APPENDIX C: Flowchart to Account for
Changes in Mean Sea Level
Glossary



EC 1165-2-211
1 Jul 09

APPENDIX A
References

A-1. Required References

ER 1105-2-100
Planning Guidance Notebook (22 APR 200@)p://140.194.76.129/publications/eng-
regs/er1105-2-100/toc.htm

EC 1110-2-6065

Comprehensive Evaluation of Project Datum: Guidancea f6omprehensive Evaluation of
Vertical Datums on Flood Control, Shore Protection, Hanm&Protection, and Navigation
Projectshttp://140.194.76.129/publications/eng-circularsfekd-2-6065/toc.htm

Environmental Protection Agency 2009

Climate Change Science Program (CCSP) (2009) SyatArd Assessment Product 4.1: Coastal
Sensitivity to Sea-Level Rise: A Focus on the MitlaAtic Region. A report by the U.S.

Climate Change Program and the Subcommittee on GlolzadgehResearch. [J. G. Titus
(Coordinating Lead Author), E. K. Anderson, D. Cahoon, SGH, R. E. Thieler, J. S. Williams
(Lead Authors)], U.S. Environmental Protection Agensiashington, D.C.
(http://www.climatescience.gov/Library/sap/sap4-1/final-report/default.ntm

National Research Council 1987
Responding to Changes in Sea Level: Engineering Implicatiational Academy Press:
Washington, D.Chttp://www.nap.edu/catalog.php?record id=1006

Bindoff et al. 2007

Bindoff, N.L., J. Willebrand, V. Artale, A, Cazera\J. Gregory, S. Gulev, K. Hanawa, C. Le
Quéré, S. Levitus, Y. Nojiri, C. K. Shum, L. D. Talley, ahdUnnikrishnan (2007) Chapter 5,
Observations: Oceanic Climate Change and Sea Levéllimate Change 2007: The Physical
Science Basis. Contribution of Working Group | to the FoAdkessment Report of the
Intergovernmental Panel on Climate Change [Solomom).jin, M. Manning, Z. Chen, M.
Marquis, K. B. Averyt, M. Tignor, and H. L. Milleefs.)]. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, US#Atp://www.ipcc.ch/pdf/assessment-
report/ar4/wgl/ar4-wgl-chapter5.pdf

Nicholls et al. 2007

Nicholls, R. J., P. P. Wong, V. R. Burkett, J. O. Codignotto, J. E. Hay, R. F. McLean, S.
Ragoonaden, and C. D. Woodroffe (2007) Chapter &stabSystems and Low-lying Areas. In:
Climate Change 2007: Impacts, Adaptation and Vulnetgb@iontribution of Working Group I
to the Fourth Assessment Report of the Intergoventat Panel on Climate Change [M. L.

A-1



EC 1165-2-211
1 Jul 09

Parry, O. F. Canziani, J. P. Palutikof, P. J. vanLitleden, and C. E. Hanson (eds.)]. Cambridge
University Press, Cambridge, UK, 315-356@p://www.ipcc.ch/pdf/assessment-
report/ar4/wg2/ar4-wg2-chapter6.pdf

A-2. Related References

USACE 1996
USACE (1996) Poplar Island, Maryland Environmental Restoration Project Feadsiaiptyrt
and Environmental Impact Statement.

USACE 2004
USACE (2004) Poplar Island Environmental RestoraBooject Adaptive Management Plan.

National Ocean Service 2009
National Ocean Service (NOS) (2009) Sea Levelsr@enlVeb Product.
http://tidesandcurrents.noaa.gov/sltrends/indemkht

National Research Council 1987
National Research Council (1987) Responding to CasingSea Level: Engineering
Implications. National Academy Press: Washington, D.C.

Intergovernmental Oceanographic Commission 1985

Intergovernmental Oceanographic Commission (1985) Manmu&ea Level Measurement and
Interpretation, Volume I. Intergovernmental Oceanogi@@lommission Manuals and Guides-
14. http://unesdoc.unesco.org/images/0006/000650/A&B0Bdf

Intergovernmental Panel on Climate Change 2000

Intergovernmental Panel on Climate Change (2000) Speep@brt on Emissions Scenarios.
(Nakicenovic, N., and R. Swart, eds.). Cambridge UnityeRiess, Cambridge, United
Kingdom. http://www.grida.no/climate/ipcc/emission/

Intergovernmental Panel on Climate Change 2001

IPCC (2001) The Scientific Basis. Contribution of Worki@roup | to the Third Assessment
Report of the Intergovernmental Panel on ClimatengbgHoughton, J. T.,Y. Ding, D. J.
Griggs, M. Noguer, P. J. van der Linden, X. Dai, K. Maskell, and C. A. Johnson, eds.).
Cambridge University Press, Cambridge, United King@mih New York, NY, USA.
http://www.ipcc.ch/ipccreports/tar/wgl/index.htm

Intergovernmental Panel on Climate Change 2007a

IPCC (2007a) Climate Change 2007: The Physical Sciences,Bamitribution of Working
Group | to the Fourth Assessment Report of the IntergovantahPanel on Climate Change.
(Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis, KABeryt, M. Tignor, and H. L.

A-2



EC 1165-2-211
1 Jul 09

Miller, eds.).Cambridge University Press, Cambridgeitédl Kingdom and New York, NY,
USA. http://ipcc-wgl.ucar.edu/wgl/wgl-report.html

Intergovernmental Panel on Climate Change 2007b

IPCC (2007b) IPCC Fourth Assessment Report Annexdsdary. In: Climate Change 2007:
The Physical Science Basis. Contribution of Working Griowgpthe Fourth Assessment Report
of the Intergovernmental Panel on Climate Change (Solp&om. Qin, M. Manning, Z. Chen,
M. Marquis, K. B. Averyt, M. Tignor, and H. L. Miller, edsCambridge University Press,
Cambridge, United Kingdom and New York, NY, US#tp://ipcc-
wqgl.ucar.edu/wgl/Report/AR4AWG1_Print_Annexes.pdf

Intergovernmental Panel on Climate Change 2007c

IPCC (2007c) Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of
Working Group Il to the Fourth Assessment Reporheflhtergovernmental Panel on Climate
Change.” (M. L. Parry, O. F. Canziani, J. P. Palutikof, P. J. van der Linden and C. E. Hanson,
eds.). Cambridge University Press, Cambridge, kik://www.ipcc.ch/ipccreports/ar4-wg2.htm

Bell 1982
Bell, D. E. (1982) Regret in Decision Making under Uncertai@gyerations Researchkol. 30,
no. 5, p. 961-981. http://www.jstor.org/stable/170353)

Bruun 1962
Bruun, P. M. (1962) Sea-Level Rise as a Cause of Shore Erdsignal of Coastal
Engineeringyol. 7, no. 1, p. 77-89.

Cahoon et al. 1999

Cahoon, D. R., J. W. Day, and D. J. Reed (1999) The Influence of Surface and Shallow
Subsurface Soil Processes on Wetland Elevation: A Systkasrent Topics in Wetland
Biogeochemistryvol. 3, p. 72-88.

Cahoon et al. 2009

Cahoon, D. R, D. J. Reed, A. S. Kolker, M. M. Brinson, Btévenson, S. Riggs, R. Christian,
E. Reyes, C. Voss, and D. Kunz (2009) Coastal Wetland Sabthiy. In: Coastal Sensitivity to
Sea-Level Rise: A Focus on the Mid-Atlantic Region. A repgrthe U.S. Climate Change
Science Program and the Subcommittee on Global ChangarBesd. G. Titus (coordinating
lead author), K. E. Anderson, D. R. Cahoon, D. B. Gesch, SilKBGT. Gutierrez, E. R.
Thieler, and S. J. Williams (lead authors)]. U.S. Envirental Protection Agency, Washington
DC, p. 57-72.

Erwin et al. 2007

Erwin, R. M, J. Miller, and J. G. Reese (2007) Ropsland Environmental Restoration Project:
Challenges in Waterbird Restoration on an Island irs@peake BayEcological Restoration

vol. 25, no. 4, p. 256- 262.

A-3



EC 1165-2-211
1 Jul 09

Flessa et al. 1977

Flessa, K. W., K. J. Constantine, and M. K. Cushm&77T) Sedimentation Rates in Coastal
Marshes Determined from Historical Recor@besapeake Scienosl. 18, no. 2 (June 1977), p.
172-176.

Haimes 1991
Haimes, Y. Y. (1991) Total Risk ManagemeRisk Analysisvol. 11, no. 2, p. 169-171.

Hicks et al. 2000

Hicks, S. D., R. L. Silcox, C. R. Nichols, B. Via, and E. C. MnyC(2000) Tide and Current
Glossary. NOAA National Ocean Service Center for@penal Oceanographic Products and
Services (http://tidesandcurrents.noaa.gov/publications/glossary?2.pdf).

Hulme et al. 2002

Hulme, M., G. J. Jenkins, X. Lu, J. R. Turnpenny, T. D. Mitctl G. Jones, J. Lowe, J. M.
Murphy, and co-authors (2002) Climate Change Scenaidbé United Kingdom: The
UKCIPO02 Scientific Report. Tyndall Centre for Clime&Change Research, University of East
Anglia, Norwich, Norfolk.http://www.ukcip.org.uk/images/stories/Pub_pdfs/URQ2_tech.pdf

Kaplan and Garrick 1981
Kaplan, S., and B. J. Garrick (1981) On the QuantgdDefinition of Risk.Risk Analysisvol. 1,
no. 1, p. 11-27.

Kendall 2007

Kendall, T. R. (2007). Planning for Sea-level RiBe=sentation at the Climate Change and
Coastal Systems Symposium: ASCE SF Section 2007 AMeeting, Burlingame, CA, Sept.
28, 2007.

Knuuti 2002
Knuuti, K. (2002) Planning for Sea-Level Rise: UASmy Corps of Engineers Policy. Solutions
to Coastal Disasters '02, ASCE 2002.

Leatherman et al. 1995
Leatherman, S.P., R. Chalfont, E.C. Pendleton, T.L. Mcleasdand S. Funderburk (1995).
Vanishing Lands: Sea Level, Society and Chesapealte Baboratory of Coastal Research,
University of Maryland.

Morris et al. 2002

Morris, J. T., P. V. Sundareshwar, C. T. Nietch, B. Kjerfve, and D. R. Cahoon (2002) Responses
of Coastal Wetlands to Rising Sea Leology vol. 83, no. 10, p. 2869-2877.

A-4



EC 1165-2-211
1 Jul 09

Proshutinsky et al. 2004

Proshutinsky, A., I. M. Ashik, E. N. Dvorkin, S. Hakkinen,AR .Krishfield, and W. R. Peltier
(2004), Secular Sea-Level Change in the RussiatofSeicthe Arctic Oceanlournal of
Geophysical Researchol. 109, no. C03042, doi:10.1029/2003JC002007

Pugh 1987
Pugh, D. T (1987) Tides, Surges, and Mean Sea Level. Jdap &id Sons: Chichester,
England.

Science Applications International Corporation 2007
Science Applications International Corporation (20Data Report for the Analysis of the Poplar
Island Tidal Data from October thru December 2006.

Zervas 2001

Zervas, C. (2001) Sea Level Variations of the United States 1854-1999. NOAA Technical Report
NOS CO-OPS 36 and updates. http://tidesandcurrentsgoedaublications/techrpt36doc.pdf

A-5






EC 1165-2-211
1 Jul 09

APPENDIX B
Technical Supporting Material

B-1. Background on Sea-Level Change

a. In the preparation of this document USACE has relieceBnon climate change
science performed and published by agencies aitiesrgxternal to USACE. The conduct of
science as to the causes, predicted scenariospasdquences of climate change is not within
the USACE mission. The USACE is a user of the currently accepted community consensus on
the state of climate science knowledge and applicable US#Gé&es will be periodically
reviewed and revised as the accepted consensugeshan

b. Global mean sea level (GMSL) over the paseisd\million years has varied principally
in response to global climate change (NRC 1987, IPCC 200-ta)example, at the peak of the
most recent glacial period about 20,000 years dgbagMSL is inferred to have been on the
order of 100-120 meters lower than at present (NR&Z 1PCC 2007a). As global climate
warmed and the glaciers retreated, water stored as continental ice was releasgdo daelin
mass of water in the oceans and causing a correspprisée in global MSL.

c. Geologic evidence suggests global sea lewefdii@n and risen with minimums and
maximums occurring during cold glacial and intemaghl warm periods respectively. During the
last inter-glacial period, about 125,000 years agn)eeel was 4m to 6m higher than at present.
The earth entered the present inter-glacial warnogéollowing the peak of the last Ice Age
about 12,000 years ago (CCSP 2009). After a riagidl rise, GMSL is interpreted as having
approximately stabilized within a meter or so ofgtesent value over the last several thousand
years (NRC 1987, IPCC 2007a). IPCC (2007a) concludes that global mean sea level rose at an
average rate of about 1.7 + 0.5 mm/year durindvileatieth century.

d. Recent climate research has documented global warmnimg dhe 20th Century, and
has predicted either continued or accelerated global wgror the 21st Century and possibly
beyond (IPCC 2007a). One impact of continued or accelechtedte warming is thus
continued or accelerated rise of GMSL.

e. Sea-level change can cause a number of imipaotsstal and estuarine zones,
including changes in shoreline erosion, inundation or exposure of low-lying coastal areas,
changes in storm and flood damages, shifts in extent amibdisin of wetlands and other
coastal habitats, changes to groundwater levetsali@rations to salinity intrusion into estuaries
and groundwater systems (e.g., CCSP 2009).

f. Geologic factors can drive local sea-level @de@nVertical land movement can occur
due to tectonics (earthquakes, regional subsidence &), updmpaction of sedimentary strata,
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crustal rebound in formerly glaciated areas, artidvawal of subsurface fluids. Networks of
long-term Continuously Operating Reference Stat{@®RS) are being monitored by NOAB-
NGS and when co-located with tide stations will begin to prodickct estimates of vertical
land uplift or subsidence.

g. Atmospheric factors can affect local or reglomater levels. Decadal-scale phenomena
include El Nifio-Southern Oscillation (ENSO) in the Piaaind North Atlantic Oscillation
(NAO) in the Atlantic, among others (see IPCC 2007a for &rmomplete discussion). Climate
change may also alter the frequency and severitppidal storms which could secondarily
influence sea level. This is currently the subject of scientific research. uglittbe coupled
effects of decadal and seasonal water level vanatand episodic storm events are important to
consider in project planning and design, the inomaxpon of the influence of tropical storm on
the application of sea level trends is outside the sobfies document.

B-2. Determination of Historic Trends in Local MSL

a. The planning and design of USACE water resource projects in and adjacent to the
coastal zone must consider the potential for fuageelerated rise in GMSL to affect the local
MSL trend. At the same time, USACE project planners and engineers mastdre of the
historic trend in local MSL, because it provides a usefulimum baseline for projecting future
change in local MSL. Awareness of the historiadref local MSL also enables an assessment
of the impacts that sea-level change may have hadgional coastal resources and problems in
the past.

b. Historic trends in local MSL are best deteredirirom tide gauge records. The Center
for Operational Oceanographic Products and Services (E8)®@f the National Oceanographic
and Atmospheric Administration (NOAA), provides histonformation and local MSL trends
for tidal stations operated by NOAA/NOS in the US (see http://www.co-
ops.nos.noaa.gov/index.shtml). Most U.S. tiddamtatexperienced a rise in local MSL during
the 20th Century. Note the dominance of greenyafidw symbols along much of the Atlantic
and Pacific coasts of the continental US (Figur&) BThese stations exhibit local MSL trends
between 0 and +2 feet per century. The highest rates of local MSL rise in trevé&/8ccurred
along the Gulf Coast (red symbols), whereas most statiohisgka exhibit a falling trend of
local MSL. Discrete shifts in sea level data carpes in relative sea level trends due to
earthquakes are monitored by NOAA at their tidé@ta, and trends are recomputed from data
after a known significant earthquake event (such a$964d Alaska earthquake). Trends are not
computed from pre- and post event data. Post-@laatanalyses and surveys from the tide
gauges to local bench marks and geodetic benchsrmaagkused to estimate vertical movement.
Data from nearby CORS are also now being used to estimatev&tical land motion to help
monitor magnitude of the effect of earthquake events oresehadata.
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Figure B-1. Mean Sea Level Trends for U.S. Tid#iBhs (Oct 2008) (see
http://tidesandcurrents.noaa.gov/sltrends/slrmay.far updated information).

c. Itis important to consider the length of tide station recordnesdjto obtain a robust
estimate of the historic relative mean sea-levahge. The length of the record is important
because interannual and decadal variations inesedare sufficiently large that misleading or
erroneous sea level trends can be derived from pesfa@sord that are too short.

d. The Manual on Sea Level Measurement and Interpretati@ngovernmental
Oceanographic Commission 1985) suggests that a édatd should be of at least of two-tidal
epoch duration (about 40 years) before being used to estamatal relative mean sea level
trend. Figure B-2 (from Zervas 2001) shows thatr@hship between period of record and the
standard error of the trend for selected US tideais. Note the significant decrease in standard
error approximately at the 40- or 50-year periodeabrd. Record lengths shorter than 40-years
in duration could have significant uncertainty compacetheir potential numerical trend values
of a few millimeters per year.

e. Figure B-2 indicates that standard error aanam be large for tide stations with shorter
records compared to those with longer recordsa psactical approximation, a tide station
should have a minimum of 40 years of data to justify using the station trend to extragolate i
the future and use as a minimum baseline for projectecefahange in local MSL. For project
planning and design, the actual standard errdreoéstimate should be calculated for each tideegaug
data trend analysis and the estimates in FiguresBeRld not be used as the sole supporting data.
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Figure B-2. Standard Error of Linear Trend of $®eel rise vs. Period of Record,
U.S. Tide Stations.

f. Using trends in relative mean sea level from recordgestibian 40 years is not
advisable. In addition to interpretations by the International Oceanographic Commission and
NOAA (Figure B-2), Pugh (1987) demonstrates that 10-year records at some stations show
trends of opposite sign depending upon the intervatigele If estimates based on shorter terms
are the only option, then the local trends must b&eftkein a regional context, considering trends
from simultaneous time periods from nearby stationsnsure regional correlation and to
minimize anomalous estimates. The nearby stations shaukllong enough records (greater
than 40 years) to determine reasonable trendshvdaic then be compared to the shorter, local
sea-level records (see paragraph B-2(h)(2)). Experts at NOAA/NOS should be able to assist in
cases of short periods of record or where records are ofieeawibiguous.

g. The Permanent Service for Mean Sea Level (PSMSL)hvighi@ component of the UK
Natural Environment Research Council’s Proudman Oceapbgr Laboratory, has been
collecting, publishing, analyzing, and interpreting-k=eel data from the global network of tide
stations since 1933. Global sea level data casbtsned from PSMSL via their web site
(http://www.pol.ac.uk/psmsl/). PSMSL should be con®das a source of information for non-
US stations not contained in the NOAA report. Béeaote that the periods of record of PSMSL
gauges vary; some gauges have shorter periods of reeordrt recommended for relative sea-
level change trend analysis.
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h. The historic rate of relative sea-level change ataaldocal tide stations shall be used
as the low rate for analysis. The current, histily-based rate of change shall be estimated
from local tide station records if oceanographic araaggc conditions at the tide station are
determined to be similar to and consistent wittséhat the project site (Appendix C). For many
locations along the U.S. Atlantic and Gulf of Mexico coasti there are probably adequate tide
station data from perspectives of both spatial ieasd record duration to permit extrapolating
with an adequate degree of confidence. Recognieep&ons are the coastlines between
Mobile, Alabama and Grand Isle, Louisiana, and in Patflibemarle Sounds, North Carolina,
which contain no acceptable long-term tide-gauge recdrdsisiana is also subject to extreme
rates of subsidence. In the case where thertidalsstation that is close to a project but has a
short historic data range, and another tidal station that is farther awaystautdmger historic
data range, a tidal hydrodynamics expert should be consulted.

(1) Figures B-3 through B-6 show the magnitude emnfidence limits (based on standard
error of the estimate) of trends for Atlantic co&sulf of Mexico, and tropical NOS tide stations
(from Zervas, personal communication, see updatidmation online at
http://tidesandcurrents.noaa.gov/sltrends/slrmap)htA pair of stations useful for illustrating
the effect of record length on confidence limit&Sialveston Pier 21 and Galveston Pleasure Pier
(Figure B-6). These stations are located within appraeipane mile of each other, with
Pleasure Pier on the ocean side and Pier 21 amathigation waterway side of Galveston Island.
The Pier 21 station was established in 1908 analsBte Pier station in 1957, thus Pier 21 has
approximately 101 years of record and Pleasure Pier appaitedy 51 years. The confidence
limits on Pier 21 are significantly narrower than foralere Pier.

(2) Figures B-7 and B-8 show sea level trends andidence limits for U.S. Pacific coast
stations. Because of the scatter of trends anfidemte limits, estimating historical sea-level
change for many sites along the U.S. Pacific coest be problematic. Confidence limits are
not as uniform as for the Atlantic and tropical stationgintgding and extrapolating trends
based upon available data will require enginegudgment on a case-by-case basis, and to be
robust, should take advantage of interdisciplinay iateragency subject matter expertise. It
may be possible depending upon station locationpaoximity to nearby stations with longer
records, to use the longer record trend as a gsoxyiding the two records are well correlated
for the concurrent period of record.

i. Regional sea-level change rates should besated as well as rates of local sea-level
change and global sea-level change. Regionalesehd¢hange rates are expected to be close to
global sea-level change rates, but differences magwelfin large, semi-enclosed water bodies.
Areas which could experience regional rates diffetikan global rates include the northern Gulf
of Mexico, the Gulf of Maine, and the Gulf of Alaska. Large aymbents such as Chesapeake
Bay may also experience rates that are slightly different than global rates dgienalreffects.
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Figure B-3. Magnitude and confidence limits ohtle for northern Atlantic coast NOS
tide stations. (NOS 2009, http://tidesandcurrengsangov/sltrends/index.shtml).
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Figure B-4. Magnitude and confidence limits ohtle for Southern Atlantic coast NOS
tide stations. (NOS 2009, http://tidesandcurreoesangov/sltrends/index.shtml).
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Figure B-5. Magnitude and confidence limits ohtie for ocean island NOS tide stations.
(NOS 2009, http://tidesandcurrents.noaa.gov/slséndex.shtml).
15

Millimeters / year
th
I -t /
I e /
=
=
=

- Iz.as
Iz.39-£ ;2_2{2_0212 A .aaIz - .3011 . r R I1 93
' }-0 75

5
E s F 2o rrgeprreerrrlry
a = = 3 " = = 3 I3 cC m O g F a5 9 a2 ®w
3 = - o 2.--1:3_-:..-.,:'!;_
o 5z 5§ F2t3iz82837383 58 238358
-} -a. 35 o - B - T 9 a A4 I = o
2 4 5 5 =< s f & s =& 2 2 3 = 2 35 =
g c m & O ] S =« - g a o
g 3 a a - 3 o
5 N D
2

Figure B-6. Magnitude and confidence limits ohtite for Florida Keys and Gulf of Mexico
coast NOS tide stations. (NOS 2009, http://tidesanm@nts.noaa.gov/sltrends/index.shtml).
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Figure B-7. Magnitude and confidence limits ohtite for southern Pacific coast NOS tide
stations. (NOS 2009, http://tidesandcurrents.n@adsirends/index.shtml).
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Figure B-8. Magnitude and confidence limits ohtile for northern Pacific coast NOS
tide stations. (NOS 2009, http://tidesandcurreotsangov/sltrends/index.shtml)
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J. The length of time that the historical record rate of gbaran be validly projected into
the future depends upon at least the followingofisct

(1) the confidence of the present trend

(2) local relative rate of change (little or no aecation)

(3) global rate of change (little or no acceleration)

(4) absence of dramatic geologic or oceanograpleats.

B-3. Estimating Future Change in Local MSL

a. In USACE activities, analysts shall consideawdffect higher relative sea-level rise
rates could have on design alternatives, econontiecavironmental evaluation, and risk. The
analysis shall include, as a minimum, a low rate which &leallased on an extrapolation of the
historical rate, and intermediate and high rates, winclude future acceleration of sea-level
rise. The analysis may also include additionanmiediate rates, if the project team desires.

The sensitivity of each design alternative to the variates of sea-level rise shall be considered.
Designs should be formulated using currently aezepgesign criteria. A step-by-step approach
is presented in a flow chart in Appendix C.

b. Since 1987 NRC study on sea-level change was comptieéekdPCC has produced four
editions of its projections for future climate change and sea-level rise. The NRC stullg and
IPCC Third and Fourth Assessment Reports, dated 2001 and 2007 are useful in estimating future
changes in local MSL (see http://www.ipcc.ch/).

c. The 1987 NRC report reviews data on relative sea-taglges and the resulting effect
on engineering structures and coastal wetlands. [Rdsprge, the information and guidance
presented in this study, in terms of considering ddferent types of projects may be affected
by sea-level rise, are useful and should be coraidey USACE planners and engineers in both
the planning and design phases of studies andgbsojé\n additional factor is that the NRC
report includes a range of possible future seaklese scenarios that is much greater than those
presented in the 2007 IPCC report. The 2007 IPCC report has received some criticism for not
fully considering the possibility of rapid ice loss imtarctica due to massive failures of the
West Antarctic Ice Sheet. Including the upper aces from the NRC report allows planners
and engineers to consider the possibility of mudatgr rates of sea-level rise than those
presented in the 2007 IPCC report and to thus accommodate some of the criticism directed at the
2007 IPCC report.

d. The NRC report recommended that feasibilitygigs for coastal projects consider the
high probability of accelerating global sea-level riSeER) and provided three different
accelerating eustatic sea-level rise scenariog NRC described these three scenarios using the
following equation:
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E(t) = 0.0012 + bt? (1)

in whicht represents years, starting in 19B& a constant, and(t) is the eustatic sea-level rise,
in meters, as a function of The NRC committee recommended “projections be updated
approximately every decade to incorporate additidata.” At the time the NRC report was
prepared, the estimate of global mean sea-level changepmasxianately 1.2 mm/year. Using
the current estimate of 1.7 mm/year for global mean sed-dbange, as presented by the IPCC
(IPCC 2007), results in this equation being modified to be:

E(t) = 0.0017 + bt (2)

(1) The three scenarios proposed by the NRC resulblapeustatic sea-level rise values,
by the year 2100, of 0.5 meters, 1.0 meters, and 1.5 métdpssting the equation to include
the historic global mean sea-level change rate of 1.7/eanresults in updated values for the
variable b being equal to 2.36E-5 for modified NRC Cun&20E-5 for modified NRC Curve
II, and 1.005E-4 for modified NRC Curve Ill. The thigdlebal eustatic sea-level rise scenarios
updated from NRC (1987) are depicted in Figure B-9.

(2) Manipulating equation (2) to account for the fact ithaas developed for eustatic sea-
level rise starting in 1986, while projects wilttaally be constructed at some date after 1986,
results in equation (3):

E(t) — E(t;) = 0.00176 —t1) + b(t,* —t1%) (3)

wheret; is the time between the project’s construction date and 1986 @sritie time between a
future date at which one wants an estimate for sed-tesse and 1986 (dp = t; + number of
years after construction (Knuuti, 2002) For example, ésigher wants to know the projected
eustatic sea-level rise at the end of a proje@isop of analysis, and the project is to havets fif
year life and is to be constructed in 2008,2008 — 1986 = 22 artgd= 2058 — 1986 = 72.
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Figure B-9. Scenarios for Eustatic Sea-level Rissed on updates to NRC 1987 equation).

e. From the Special Report on Emissions Scenarios (SRES) (IPCC 2000), six emissions
scenarios were used to develop six SLR projections. A suite of numerical models thatimodel a
ocean global circulation, with varying degreesaifustness, were used to provide a range of
results. For each of these models, IPCC usedxlifterent climate change scenarios for input
(see Appendix B-3 for other contributing factors). Sea&lleige was calculated for each of the
six scenarios by averaging the modeled sea-level valw®at model grid cell, for every
numerical model.

(1) IPCC used the different emissions scenarios and the range of values obtained from the
different numerical models to develop ranges of futurdesesl-rise values, and used this as a
way to describe the uncertainty associated with progdtiture sea-level rise. These ranges are
shown in Table B-1 (for two climate change scersarigl and A1FI, the least and most extreme.

(2) An example of an IPCC intermediate level of modeiveersea-level rise (scenario
A1B) is shown in Figure B-10. Note that the bluaddd area of this figure represents a
potential level of uncertainty for the scenario shown, based on the range dfonmaatietions,
and does not provide a quantitative estimate. Figure Brddents the modified NRC curves of
Figure B-9 plus the reported 95% confidence limftthe B1 and A1FI scenarios shown in Table
B-1 (IPCC 2007a). It should be noted that the ickamice limits shown in these tables only
describe the confidence of the range of model resuttslamot actually represent the
confidence of what could physically occur in theufe.
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