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Sea-Level Change — a Global or
Local Problem?
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Coastal and Hydraulics Laboratory

“ Building Strong “ 1



USACE Climate Cha
e »

Unofficial statement of USACE with regard to
climate change:

“The Corps of Engineers recognizes that climate is
changing but takes no position as to attribution.” *

* Member of USACE Institute of Water Resources staff
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Need to distinguish between Global Mean Sea-Level
(GMSL) and Local Mean Sea-Level (LMSL)

« GMSL rise sometimes termed the “bathtub” effect

« Current estimates of GMSL rise vary between ~1.8mm/yr?!
and ~3.5mm/yr2.

 LMSL change is comprised of GMSL change, regional MSL
change, and local land subsidence (or rebound).

LIPCC-AR4, 2007; 1961 to 2003
2State of the Climate 2008, BAMS; 1994 to present

“ Building Strong “ 3



e

BB Katrina IPET Report

17t Street Outfall Canal

East Bank Floodwall Construction
ca 1993 Floodwall Protection/Capping Projegt (High Level Plan)

Hammond Hwy to Veterans Blvd Sta. 8+50 to 00 (%) -- Typical
Existing floodwall elevations running ~12.1 ft 14'8;;%?,\"3
(LMSL 1983-2001) —from 2005 post-Katrina Elevation
field surveys ‘ (Lake Pont
MSL
stillwater)

Contract plan “NGVD” (unspecified | 274 l
epoch)-assumed = MSL (LMSL) in 1993 elev 8.77 ft

LMSL (1983-1992 & 2005) elev 6.81 ft
(from 2005 level line)

e
e

USACE Monument 14 ~ 1.9 to 2.0 ft difference likely due to:
used as reference for ' ”"°e”a.§,’;.'?e"\",;?;‘ﬁ,',‘:,\‘,’.?,;,‘fdt"o',;e
suspec Isturpe
& ﬂOOdwa" » Uncertain BM 14 datum (1951 or ?)
COhStrUCtlon e Settlement (Not to Scale)
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Grand Isle, LA 9.24 +/- 0.59 mmlyr

hdorthly mean sea lewvel with the
average seasonal cycle remowved

o1 Linear trend
§ — LUpper 85% confidence interval
— Lower 85 % confidence interval

Source:

MNOAR
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From 1929 to 2005 (76 years) at 9.24mm/yr = 70.2cm or 2.30ft
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12 Actions
for Change

IPET HPDC
Interagency Performance Hurricane Protection
Evaluation Task Force Decision Chronology
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The Bottom Line....

“The Corps is responsible for the projects we
build and manage, and we are accountable to the
American people ..... for those who doubt us,
words alone will not restore confidence. We are
mindful that the public trust is earned when we
follow through on our actions.”

— Lieutenant General Carl A. Strock
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USACE Sea Level Chang

Excerpt from ER 1105-2-100 Planning Guidance Notebook
http://www.usace.army.mil/publications/eng-regs/er1105-2-100/

¢ Ex i Sti n g U SAC E g u i d a n ce i n Appendix E (Civil Works Misstons and Evaluation Procedures

- E n g i n ee r Reg u Iat i o n 1 1 0 5-2 '1 00 Section IV (Hurricane and Storm Damage Prevention)
(71 2 p.), Appendix E (CiViI Paragraph E-24 (k) Sea Level Rise:
Wo rks M iss i o n s a n d Eva I u ati o n The National Research Council (NRC) study on sea level change (Responding to

Changes 1n Sea Level: Engineermng Implications. 1987) 1s a practical and rational review

P roce d ure S) y S e cti on IV of data on relative sea level changes and the resulting impact on engineering structures.

The study should be used by the Corps for technical guidance until more definitive data

( H u rri cane an d Sto rm D am ag e are available. The NRC study recommended that feasibility studies for coastal projects

. should consider the high probability of accelerated sea level rise. Since precise estimates
P reve n tl o n) E -24 (k) S e a Leve I of future sea level rise are unknown, the risks associated with a substantial rise should be

. ’ addressed. Feasibility studies should consider which designs are most appropriate for a
Rlse . range of possible future rates of rise. Strategies that would be appropriate for the entire
range of uncertamty should recerve preference over those that would be optimal for a
particular rate of rise but unsuccessful for other possible outcomes.

— 4 paragraph length
(1) Potential relative sea level change should be considered m every coastal and
— P I ann i Nn g g u id ance on Iy, Nn ot estuarine (as far inland as the new head of tide) feasibility study that the Corps

undertakes. The degree of consideration that the possible change receives will

a p p I i c a b I e to E n g i n ee ri n g a n d depend upon the historical record for the study site. Areas which are already

experiencing relative sea level rise or where increases are predicted should undertake

C o n stru cti o n an analysis as part of the study. Plans should be formulated using currently accepted

design criteria.

—_ B ase d on 1 9 8 7 N RC re po rt (2) For now, planning should consider what impact a higher relative sea level rises

rate would have on the design based on the historical rate. A sensitivity analysis
should be conducted to determine what effect (if any) changes in sea level would

e I P C C 2 0 0 7 re po rts p rOVi d e have on plan evaluation and selection. This analysis should be based, as a mmimum,

on the extrapolation of the local, historical record of relative sea level rise as the low

u p d ate d i n fo rm ati o n level and Curve III from the NRC report as the high level.

(3) If the plan selection 1s sensitive to sea level nise, then design considerations could

e C h a rq e : P re pa re g u i d a n ce o n allow for future modification when the impacts of future sea level rise can be

confirmed. It may be appropriate to consider plans that are designed for today's

sea I eve I c h a n g e to refl e ct n ew conditions but that mcorporate features to facilitate future changes. or plans designed

for future conditions. In these cases, an evaluation of the timing and the cost of

k n owl ed g e ove r p a st 2 0 y e a rs potential changes should be conducted duning the plan selection process.
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USACE Updated Guidance:
Sea Level Change
Preparation of Engineer Circular 1165-2-211

“Water Resource Policies and Authorities
Incorporating Sea-Level Change Considerations
In Civil Works Programs”

available at
http://140.194.76.129/publications/eng-circulars/ec1165-2-211/toc.html
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Guidance on Sea Level Change:
Multiple Scenario Approach

* Philosophy:
— We can'’t predict the future without uncertainty

— Be prepared to implement flexible planning
and engineering adaptations accounting for a
range of possible changes

* Scenario predictions are based on
fundamentally different assumptions
about the processes

— Inappropriate to combine different scenarios
into a single prediction, then calculate an error
distribution about it

— Scenarios should not be considered better or
worse, must develop alternatives for each

10
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Observational Record Future Projections

Observations from Satellite Altimetry

Range of Variations

/from a Smoothed Curve Uncertainty —|

1900 1950 2000 2050 2100

Year

lllustration of global mean sea level (deviation from the 1980-1999 mean) as observed
since 1870 and projected for the future. (after IPCC 2007a, FAQ 5.1, Figure 1)

“ Building Strong “ 1



Use multiple scenario
approach

¢/ * Determine historic trends

v ¢ Estimate future change in g
local MSL lCLlMATE CHANGE

Storms  Waves Sealevel Temperature CO, concentration Run-off

Y

-
o"-- ...'~
** A
¢ *

L4
o Natural ¢—p Societal ‘s,

E\;‘?rirg:l >':' Sub-system  Sub-system s <t TE:::;;?JI
e NOT SLC impacts and how to)|nfences J E Infuences

plan/engineer for them:;
to be the subject of future .. Coastal System ,"
QUidance .."'-----I"‘

IPCC 2007 AR4 WG2 Figure 6.1. Climate change and the coastal
system showing the major climate change factors, including external
marine and terrestrial influences.

§-
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Determination ¢
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Galveston Pier 21, TX 6.39 +/- 0.28 mmlyr

_ honthly mean sea level with the
average seasonal cyecle remowved

Linear trend
—— Lpper 85% confidence interval
— Lower 85 % confidence interval

B, % % B B % % % B B B % W B % % % B W, & U Y Y,

7 {? g2 {?

Over a duration of 50 years at 6.39mm/yr = 32.0cm or 1.05ft
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Port Isabel, TX 3.64 +I- 0.44 mmlyr

0.e0

0.457

0.307

0.157

0.00-

- honthly mean sea level with the
average seasonal cycle remowved

— = Linear trend

— Upper 85% confidence imterval
— Lower 85% confidence interval

Source: NOAA
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Sitka, AK -2.05 +I-0.32 mmliyr

0.60

0.457

0.30

- honthly mean sea level with the

average seasonal eycle remowved
Linear trend

— Upper 85% confidence interval
— Lower 95% confidence interval

045

-0.307

-0.457

Source: NOAA

-0.60
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L T I R T B B N R R
High: modified i y i
(updated) NRC 1987 £ : — mOg:gzg zgg:l 74 :
curve lll 2 il wes Mzdified NRC-I /” 4
Intermediate: e | /! :
modified (updated) : | P -
NRC 1987 curve | ¢ r FA .
Low: extrapolation 5o . 3
of historic trend | / // e
(% - b ‘L' =
Key is to ask When  § % P =T
is this likely to occur ; | e R |
(i.e., look across the BEFCOMEaRAEL

curves) N NI N N N

0.0
1980 2000 2020 2040

Note: IPCC 2007 does not provide intermediate data Year
points, high and low SRES scenarios shown for
reference to intermediate (modified) curve |

2060

2080 2100 2120
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continue with planning process without

1. CTE impacted & considering sea-level change

2. Locate nearest current tide station 3. Can other TSs be used to artificiality
(TS). Is POR > 40 yrs extend data?

Discuss with tidal
hydrodynamics
expert b/

4. Do TSs adequately represent sea level?

5. Do projects and TSs have similar
geologies and physical conditions ¢/

7. Calc std error of 11. Local VLM trend
est linear trend line 8. Is there a vertically stable geologic platform in =
for MSL, MHW & this region? local MSL trend -
MHHW at TSs d/f eustatic MSL trend

6. Calculate local
MSL, MHW & MHHW
at TSs d/f

10. Local VLM trend
9. Calculate regional =
MSL trend local MSL trend -
regional MSL trend

18. Select
17. Update project
and alternatives that
reevaluate best
project accommodate
alternatives the range of
as needed j/ sea-level change
scenarios

16.

12. Calculate 13. Calculate 14, 15. Assess Calculate
future Sea Level future SLC Calculate project risk for
Change (SLC) for for future SLC performance gach
low (historic) rate intermediate for high for each project

ef rate f/ rate g/ future SLC h/ alternative
if

Continue
planning
process
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Poplar Island
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: o
Mean Sea Level Trend
8575512 Annapolis, Maryland

Annapolis, MD 3.44 +1-0.23 mmlyr

0.60 ;
\. Monthly mean sea level with the Source: NOAA

average seasonal cycle removed
0451 Linear trend
’ —— Upper 85% confidence interval

— Lower 95% confidence interval

0.30

0.159

0.00

Meters

-0.1569

-0.307

-0.457

-0.60 T T T T T T T T T T T T T T T T T T T
7 7 7 7y 7 7 7 7y b/ 7 7 7 7, g 7, 7 ¥y Vs 7z, 7, vl')
DG % % % N % %% % D% % % N %Y %% % B Y

The mean sea level trend is 3.44 millimeters/year with a 95% confidence
- interval of +/- 0.23 mm/yr based on monthly mean sea level data from
P 1928 to 2006 which is equivalent to a change of 1.13 feet in 100 years.
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Sea-Level change — a global or local problem?

* For coastal areas with rapid land subsidence, it's
orimarily a local problem.

e Planners and designers should be cognizant of
_MSL changes and assess the effects over the
expected project life.

* The effects may pose hazards to life and property
or may be addressed by policy changes or
economic measures.
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To learn more about Actions for Change
visit us on the web at
https://maps.crrel.usace.army.mil/AFC

“ Building Strong “ 25



	Engineer Research and Development Center
	USACE Climate Change Position
	Sea-level change
	17th Street Outfall Canal�East Bank Floodwall Construction�ca 1993 Floodwall Protection/Capping Project (High Level Plan)�Hammond Hwy to Veterans Blvd Sta. 8+50 to 80+00 (±) -- Typical
	LMSL change at Grand Isle, LA
	Slide Number 6
	Actions For Change
	USACE Sea Level Change Guidance, 2000�
	USACE Updated Guidance:�Sea Level Change
	Guidance on Sea Level Change: �Multiple Scenario Approach
	Observed Global Sea Level
	Guidance on Sea Level Change: �Approach
	Determination of Historic LSL Trend
	LMSL rise at Galveston Pier 21
	LMSL rise at Port Isabel, TX
	LMSL fall at Sitka, AK
	Sea Level Change Scenarios
	Sea Level Change Planning Flowchart
	Example Project – Poplar Island
	Poplar Island Restoration Project
	Poplar Island Example
	Poplar Island Example
	Engineer Research and Development Center
	Questions?

