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Adaptation Approaches to
Sea Level Rise

Jim O’Connell
University of Hawaii Sea Grant Program on Kauai
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* Shoreline Setbacks
* House Relocation
* Elevation: Freeboard
* Coastal A-Zones

* Real Estate Hazards Notification
Beach/Dune Nourishment | =
Coastal Engineering Structures w
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If a wall of moving water
was coming right at you
what would you do?
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Get the heck out the way?!

- run the opposite direction (setbacks or relocation);

e get higher than the wall of water (Elevation or
Freeboard)

‘Adaptive Capacity’!!
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'Adaptive
Capacity’

‘the ability of
society to plan for
& respond to
change in a way
that makes it better
equipped to
manage Its
exposure and
sensitivity to
(climate change)




Climate Change consequences:

« Higher sea level -- accelerated rate of rise

* Increased flooding (vertically & horizontally)

» Accelerated coastal erosion & loss of land & property

e Saltwater intrusion (septic systems; ground water; salt/fresh
water wedge)

» Decreased rainfall

e Decreased stream-flow

* More intense coastal storms & perhaps more frequent storms
e Increased runoff (less rainfall/less ground cover)

» Shift in distribution & abundance of marine habitats, species &
biodiversity

e Accelerated spread of exotic & invasive species

» Coral bleaching & increased mortality (warmer ocean temp)

» Loss of coastal wetland ecosystems & fishing grounds,
growth in the spread of marine dead zones.

onlyaddressing‘SEA LEVEL RISE’

(Jim O’Connell, UH Sea Grant Kauai)



Estimated Sea Level Rise by 2100
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U.S. Army Corps of Engineers

Department of the Army EC 1165-2-211
U.S. Army Corps of Engineers
CECW-CE Washington, DC 20314-1000

Circular

No. 1165-2-211 ‘ 1 July 2009

EXPIRES 1 JULY 2011
WATER RESOURCE POLICIES AND AUTHORITIES
INCORPORATING SEA-LEVEL CHANGE CONSIDERATIONS
IN CIVIL WORKS PROGRAMS

|. Purpose. This circular provides United States Army Corps of Engineers (USACE) guidance
for incorporating the direct and indirect physical effects of projected future sea-level change in
managing, planning, engineering, designing, constructing, operating, and maintaining USACE
projects and systems of projects. Recent climate research by the Intergovernmental Panel on
Climate Change (IPCC) predicts continued or accelerated global warming for the 21st Century
and possibly beyond, which will cause a continued or accelerated rise in global mean sea-level.
Impacts to coastal and estuarine zones caused by sea-level change must be considered in all
phases of Civil Works programs.

2. Applicabilitv. This Circular applies to all USACE elements having Civil Works
responsibilities and is applicable to all USACE Civil Works activities. This guidance is effective
immediately, and supersedes all previous guidance on this subject. Districts and Divisions shall
inform CECW of any problems with implementing this guidance.

3. Distribution Statement. This publication is approved for public release: distribution is
unlimited.

4. References. Required and related references are at Appendix A. A glossary is included at the
end of this document.

5. Geographic Extent of Applicability.

a. USACE water resources management projects are planned, designed, constructed and
operated locally or regionally. For this reason, it 1s important to distinguish between global mean
sea level (GMSL) and local (or “relative™) mean sea level (MSL). At any location, changes in
local MSL reflect the integrated effects of GMSL change plus changes of regional geologic,
oceanographic, or atmospheric origin as described in Appendix B and the Glossary.

b. Potential relative sea-level change must be considered in everv USACE coastal activity as
far inland as the extent of estimated tidal influence. Fluvial studies (such as flood studies) that

include backwater protiling should also include potential relative sea-level change in the starting
water surface elevation for such profiles. where appropriate. The base level of potential relative

U.S. Army
Corps of
Engineers
SLR POLICY
July 2009:

‘Potential
relative sea
level rise must
be considered

In every COE
activity’!
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Sea Level Rise and Other Coastal Hazards

Global warming is predicted to cause an increase in frequency and power of both storm surge and

hurricanes. One study suggests that peak hurricane wind speeds will increase by 5 to 10 percent by the
end of the 21* century. ¢ ahle ; ' as th: :
are only flooded by a IUO-year storm (IPCC 1998).

While the impacts of global climate change are largely beyond our control, proactive planning to mitigate
their impacts is vital to our economy and the health and safety of our residents and visitors. The
temperature of the Earth 1s predicted to increase between 2.0 to 6.3°F (1.1 to 3.5°C) by the end of the
century (Meehl 2005), causing a wide range of increased threats to the coastal area and marine
ecosystems. Global warming has also increased the ocean’s temperature over the past few decades,
which will likely increase the frequency and severity of coral bleaching events and cause sea level to rise
(Barnett 2005). The Intergovernmental Panel on Climate Change (IPCC) predicts that worldwide sea
level will rise 1.5 feet over the next 100 years, and has outlined numerous impacts from this rise on
coastal communities:

Beach erosion

Inundation of land

Increased flood and storm damage

Saltwater intrusion into the freshwater lens aguifer

Increased levels of land-based pollutants to coastal waters including sediments, nutrients and
contaminants

More frequent, longer, and more powerful El Nifio and La Nina events

All of these impacts will contribute to a greater vulnerability of communities living in coastal areas,
endangering life and property. Existing development and present coastal planning do not take this
changing environment into account. Preventive or mitigative actions should not wait until a massive
natural catastrophe (such as the Indian Ocean tsunami in 2004 or Hurricane Katrina in 2005) causes
widespread destruction of the coastal zone.
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Figure 1. The blue line marks the contour of high
tide when sea level is 1 m above present. Lands
makai of the line are highly vulnerable to coastal
hazards. These are targets for redevelopment to
increase resiliency to natural hazards.

_'"'f http://www.soest.hawaii.edu/coasts/sealevel/

' Source:




Adaptations to Sea Level Rise

an T

-
Land use planning (by-law/zoning)

2. Building design practices

3. Control flood waters (levees; dikes;
seawalls: beach/dune nourishment)
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Adaption Measure Relevance to Climate Change

\ 4 \ 4 _ _
S e Built Environment e Y

Beach and dune Protects shores and restores beaches; serves as a “soft” buffer against flooding, erosion, scour and water

damage. 2
By incorporating climate considerations (e.g. effects of flooding, waves and wind) in building design, it reduces
darmages and human safety risks from climate change impacts, including extreme events, sea level rise, and 0%
flocding.

Reduces the infrastructure losses and human safety risks of sea level rise, storm surge, and erosion. | 12
Mitsgates erosion and protects people and ecosystems from climate change impacts and vanability in low to 6
medium energy areas along sheltered coastlines (e.g. estuarine and lagoon ecosystems).

Terporary buffer against the impacts of erosion and flooding caused by factors such as sea level rise, storm 120

surge, and wave attacks.

ANNEX A: Adaptation Measures

eCoastal Development Setbacks ¢—
-Building Standards 4 ——
Structural Shoreline Stabilization
*Beach & Dune Nourishment o
eLiving Shorelines et

USAID: Adapting to Climate Change: A Guidebook for Development Planners, May



Adaption Measure Relevance to Climate Change

\ 4 \ 4

BUILT ENVIRORMMENT 15 LESS EXPOSED AS A PRIMARY GOAL

Protects shores and restores beaches; serves as a "soft” bufier against flooding, erosion, scour and water 105
damage.

By incorporating climate considerations (e.g. effects of flooding, waves and wind) in building design, it reduces

damages and human safety risks from climate change impacts, including extreme events, sea level rise, and 109
flocding.

Reduces the infrastructure losses and human safety risks of sea level rise, storm surge, and erosion. |12

Mitigates erosion and protects people and ecosystems from climate change impacts and vanability in low to
medium energy areas along sheltered coastlines (e.g. estuarine and lagoon ecosystems).

Terporary buffer against the impacts of erosion and flooding caused by factors such as sea level rise, storm 120
surge, and wave attacks.

ANNEX A: Adaptation Measures

Beach & Dune Nourishment

*Building Standards

«Coastal development Setbacks ¢ ———
Living Shorelines

«Structural Shoreline Stabilization

USAID: Adapting to Climate Change: A Guidebook for Development Planners (May 2009)



CHAPTER & SITING

Figure 8-7 - Lot
Recommended lot layout.

Sufficient space is provided
to comply with state/local Road Long-Term Erosion High

sethack requirements and Setback
avoid du::ldamaga. Storm Impact Zone | Wash of

setback wave

I 1
L

Source: FEMA CCM
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‘Forestalls’
the impacts
of
‘sea level
rise’

_ = Avoid loss of shorefront dwellings
- Protect infrastructure

* Avoid Shoreline Armoring
* Preserve Beaches
* Preserve Shoreline Access
* Preserve Marine (beach/intertidal PP s

. (beach/intertidal) 2T Oct's, 2008
Habitat ¢ > 44 (imOConnell, UH Sea Grant on Kauai
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23 states &
territories
shoreline

setback policy

(Bernd-Cohen & Gordon,
1998)

7/ states have
setback distances
based on expected
years fro the
shoreline

The remainder
specify a fixed
setback from'the
shoreline.

(Evaluation of Erosion
EI azards, Heinz Rg‘port 2000)

4656 45" N’ 10873525 40°

© 2009 Europa Technologies.
© 2008 Tele Atlas T
& 2009 DMapas

~Google-
Data 510, HOAA, U.S. Navy, H'Gﬁ-..IEHﬂD

R 1.1, TR— Eve alt 11001.63km ()



Hl CZM statewide setback: Mauil:
not <20’ & not >40’ *Average lot depth or
from a Certlfled Shorellne

(50 x erosion rate + 25")
greater of two

« Average lot depth, or

e Building size + Erosion rate-based
(70 x erosion rate + 40’)

(100 x erosion rate + 40’)

Exiting shoreline setbacks in Hawaii

(Jim O’Connell, UH Sea Grant Kauai)



‘Shoreline Setback & Coastal Protection
Ordinance’ County of Kaual, HI

"Jm-O’Connell

EI'H Sea Grant, Kauai




Shoreline Setback and Coastal Protection
Ordinance : Kaual, HI

Ef.g-ﬂx.q =

. ‘—'l_

ADDllcablllt\L a. Abutting the shoreline

b. Located within 500’ of the shoreline,
UNLESS ‘...applicant demonstrates to satisfaction of

Director (Planning Department) that proposal will not be
affected by coastal erosion




Kepuhi, Kauai, Hl

90-52-B60

calculating
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Image & 2008 DigitalGlobe
22008 Tele Atlas

2271327 43" N 15833 03.53° W



-
e T

| NI-ineéLt'irig a state
‘Certified Shoreline’

T




Certified Shoreline
approved by DLNR
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__Vegetation line

DLNR Certified
Shoreline
;2
s | et average
8 lot depth
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— Vegetation line

Certified Shoreline
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Kauai Shoreline Setbacks: Ordinance #863

* -,

= i < 101- 121- 141- 161- 181- >200

Average 100 120 140 1e60ft 180 200 ft

Lot~ ftor ft ft ft ft
Depth is: o5

Minimum 40ft 50ft 60ft 70ft 80ft 90 ft 100 ft
ﬂ Setback

Ser il -

For lots >160 ft depth shoreline setback line set based on ‘coastal
erosion study’ as provided in Table 2 below BUT no less than Table 1.

c

- p—

il .

Structure with a Less than or equal to Greater than 5,000
Building Footprint that 5,000 ft2 ft2
IS: (proposed 2,485sf)
The Setback Distance 40 feet plus 70 times 40 feet plus 100
Is: the annual coastal times the annual
i coastal erosion rate
erosion rate

Jim O’Connell, UH Sea Grant on Kauai
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HISTORICAL SHORELINES

90-52-60

I T-gheet 1927
m H-sheel 1930
=== Nov 1950
m Oct 1963
m— Apr 1575
1587
I Mar 1538
=0 Mov 1985
== Sapl 1950
— Feb 2002
E— an 2008

o
@
b
o
<}
-
s
@
iz
3
H

1940 1960 1980 2000
yr

Erosion rate =

-0.88'/yr

(1927-2008)




— Vegetation line

DLNR Certified Shoreline

Avg lot depth

a77)

=2 Ry = >160’ <180

2,485sf dwelling (<5000sf)

-0.88'/yr
erosion rate

(70 x 0.88) + 40’ =
setback from
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Setback =
102’ from
Certified

Shorellne

' Certified
Shoreline

from Certified Shorellne
(bas_e_d on erosmn study)
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= 32,234 sq ft (Poipu) ‘. o
.« Proposed single family house ..h._ :
For sale: $5,900,000 )

Setback = 100’

| '. ? = - -\
sdepth = 264’ erosion rate-_lgased setback(s): 54’ & 64’



How much setback will be enough as
Sea Level approaches 1 meter above

present ?

. s ! ] r __:¢ e
Estimate: L/B | . S b Sl |
L - ENEaS SN, S :_L : -J‘_:;_..% 3,

L = distance offshore where waves affect the bot
D = depth at that place

Typically the L/D ratio is 100 (varies between 502200) o
Currently, sea level rise is approx O 12" /lyr — translates to 1'/yr

erosion
(close to the average on Kauai, Maui & Oahu)
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July 2008 f
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(Source: Beach Erosion & Loss, Chapter 9, p. 2-3) UH Sea Granﬁ(ahal:;'



et vl RELOCATION
House - Relocate

landward = landward
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5. Hwang. 2006) >

=agure 9-6 — Aliomanu Bay, Kauai — Erosion of the ﬁ
=nd impacts water quality. These impacts can b& 8
==nd that meeis the standards in Figure 9-5, ins

—ennis Fujimoto of Garden Island News (from:



Adaptive Capacity to respond to sea level

rise

In the Buillt Environment:

either:

1.Moving in t
2.Moving hig

the ability AND planning to get the heck out of
the way of on-coming storm and flood waters by

ne opposite direction (landward);
ner above waves & flood; ¢

4.Dor_1’,_t build

T

3.Protect it (dike/levee/seawall); or,

In a flood-prone area.

_—

e

2 O Cunmell



Adaption Measure Relevance to Climate Change

\ 4 \ 4

BUILT ENVIRORMMENT 15 LESS EXPOSED AS A PRIMARY GOAL

Protects shores and restores beaches; serves as a "soft” bufier against flooding, erosion, scour and water 105
damage.

By incorporating climate considerations (e.g. effects of flooding, waves and wind) in building design, it reduces

damages and human safety risks from climate change impacts, including extreme events, sea level rise, and 109
flocding.

Reduces the infrastructure losses and human safety risks of sea level rise, storm surge, and erosion. |12

Mitigates erosion and protects people and ecosystems from climate change impacts and vanability in low to
medium energy areas along sheltered coastlines (e.g. estuarine and lagoon ecosystems).

Terporary buffer against the impacts of erosion and flooding caused by factors such as sea level rise, storm 120
surge, and wave attacks.

ANNEX A: Adaptation Measures

Beach & Dune Nourishment

-Building Standards ¢ ——
*Coastal development Setbacks

Living Shorelines

«Structural Shoreline Stabilization

USAID: Adapting to Climate Change: A Guidebook for Development Planners (May 2009)



Federal

4o WU Emergency
Principles and Practices of

Planning, Siting, Designing, Management

Constructmg, and Maintaining .
Residential Buildings Agency'

in Coastal Areas

In light of
relative sea

level rise,
erosion, &
Intraduction E pOte ntia I mg

Historical Perspective

Volume [:

Coastal Environment

errors need

Identifying and Evaluating
Site Alternatives

Investigating Regulatory : t 0 b e m 0 re

Reguirements

Identifying Hazards

. | protective -
progressive!

; Implications




e!evﬂﬂng lowest structural member

. above base ﬂmﬂ elevation is
| recommended, whem{easlble :

3 ‘8" Y f £ i EAT aay o e ey o e e S - Erntin
FIGURE 61. One method of si ipport for piers is a retiforced concrete fooling.

—rom: ‘Bullding
Performance:
Hurricane Iniki in Hawail’

Observations, Recommendations
and Technical Guide, FEMA, March
3, 1993

‘Providing freeboard
by elevating lowest
structural member
above base flood
elevation iIs
recommended, where
feasible.’




FreEb O ard Better preparation for ongoing sea level rise

savings on NFIP premiums®* with freeboard

f/ Annual savings Savings over Annual savings Savings over

| 'a. in NFIP premiums 3o-year morigage ';J in NFIP premiums Io-year mortgage
£ ¢ freeboard $1,360 (25%) $40,800 g $502 (41%) $15,060
N 2 freeboard $2,730 (50%) $81,900 ~N $678 (55%) $20,340

"\:’ 3" freeboard $3,415 (62%) $102,450 < $743 (60%) $22.290

Raise Your Home, Lower Your Monthly Payments

Annual flood insurance: $5,499

Annual flood insurance: $2,084

Elevating a home a few feel above legally mandated heights bas very lilfle effect on its overell look, yef it con leod (o substonfiol reductions in flood
inseromnce, substaniially decreose the chances the home will be demaged by storms and fTooding, ond help protect agalast sea level rise.

http://www.mass.gov/czm/stormsmart/regulations/freeboard.htm



fact sheet 5

Raise Your Home, Lower Your Monthly Payments

e I ul ; : 1 == __ﬂ_“‘ﬁ_.
" Home at minimum legal height
Monthly mortgage payments $1,580.17
Monthly flood insurance + $458.25
Total monthly cost =52,038.42
Home with 3’ of freeboard
Monthly mortgage payments $1,599.13 (+$18.96)
Monthly flood insurance +%$173.67 (-$284.58)
_ Total monthly cost =$1,772.80 (-$265.62) |

e, e
'\-\.\_ —_F'

= — —

In this example, adding 3 feet of freeboard sgyes the homeowner
$265.62 per month, or $95,623.67 over a 30-year mortgage.

Benefits in A zones? are generally less dramatic, but still
substantial. To determine NFIP premiums for a specific
property, see a licensed insurance agent.

http://www.mass.gov/czm/stormsmart/regulations/freeboard.htm



V- -zone Coastal A-zone (LIMWA
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Wave Height 2 3 ft Wave Height < 3 it

BFE Including Properl§ Elevated
Wave Efects Idi Li I\/IWA Zone
L D o
100-Year

Stillwater Elevation Wt

Overland Vegetated Limit of 100-Year
Wind Fetch Region Flooding and Waves

Shoreline Sand Beach Buildin

Figure 3-7
Typical shoreling-perpendicular transect used in the analysis of stillwater and wave crest elevations,

COASTAL CONSTRUCTION MANUAL | 3.9




(FEMA'’s Coastal Construction Manual recommends

distinguishing ‘Coastal A-zones’ & apply higher V-zone standards) .
| Zone X T Figure 3-6
e 4 | This portion of a FIRM shows

a coastal Special Flood

Hazard Area (SFHA) (dark

i gray), the 500-year flood
hazard area (light gray),

A m coastal Base Flood

Elevations (BFEs) (numbers
in parentheses), and flood
insurance rate zones (AE and
VE = SFHA, VE = Coastal
High Hazard Area, X = areas
outside the SFHA).

N\
Z0S
Coastal A-zone: portion of SFHA landward of V-zone or

landward of open coast w/o mapped V-zone; principal
flood source tides, storm surge, (seiches, tsunamis).

** NOT RIVERINE FLOOD SOURCE!! **



Figure 3-9

Where wave runup elevations exceed wave crest elevations, the BFE is equal to

the runup elevation.
ryJ Coastal
v A
:' Wave Runup Depth > 3t “Wave |
Runup
Depth < 3ft
100-Year 100-Yaar Wave Runup
Stillwater Elevation = BFE Inland Extent of Wave Run
Elevation

100-Year

Wave Crest
Elevation

-----------------

Datum (8.g.,
NGVD, NAVD) }

Elevate on
open piles

>
DEFINITION

Wave runup elevation is the
elevation reached by wave
runup, referenced to the Na-
tional Geodetic Vertical Datum
of 1929 (NGVD) or other datum.

Wave runup depth at any point
is equal to the maximum wave
runup elevation minus the low-
est eroded ground elevation at
that point,

COASTAL CONSTRUCTION MANUAL
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RECOMMENDATIONS:

1.Map sea level rise Inundation areas (3’);
2.Freeboard Advisory at Building Department
3.Institute Erosion Rate-based Setbacks:;
4.Study: Costs'& Logistics of Relocating
Buildings in HI;

5.Shoreline Management Plan: Where to Allow
Armoring (resorts?) & Loss of Coastal
Resources vS. Where to Preserve Shoreline
Areas In their-Natural State

6.Real Estate Disclosure & Property Owner
Coastal Hazards Education

(Jim O‘Connell, UH Sea Grant Kauai) P~
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SEA
GRANT
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Summary of Coastal
Program Initiatives that
address Sea Level Rise
as a result of
Global Climate Change

Table 1: Summary of State/Territory Sea-Level-Rise Policies and Initiatives

Sea-Level-Rise Policies and Initiatives by State/Territory
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