
* Shoreline Setbacks
* House Relocation

* Elevation: Freeboard
* Coastal A-Zones

* Real Estate Hazards Notification
Beach/Dune Nourishment

Coastal Engineering Structures

Adaptation Approaches to 
Sea Level Rise

Jim O’Connell
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selected potential



Dec 26, 2005

If a wall of moving water 
was coming right at you 

what would you do?



Dec 26, 2005

Get the heck out the way?! 

• run the opposite direction (setbacks or relocation); 

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

‘Adaptive Capacity’!!



(prepared by: CRC/URI & IRG)

May 2009

‘’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
• Saltwater intrusion (septic systems; ground water; salt/fresh 
water wedge)
• Decreased rainfall
• Decreased stream-flow
• More intense coastal storms & perhaps more frequent storms
• Increased runoff (less rainfall/less ground cover)
• Shift in distribution & abundance of marine habitats, species &
biodiversity
• 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.

only addressing ‘SEA LEVEL RISE’
(Jim O’Connell, UH Sea Grant Kauai)



‘Key Scientific 
Developments 
since the 
IPCC 4th

Assessment 
Report’
(PEW Center on 
Global Climate 
Change, June 2009) 

New estimates of average global 
Sea Level Rise by 2100

NOW considering
thermal expansion 

of the ocean
AND

glacier melting

2 meter rise

1.8 meter rise 2008

2007

2007

0.6 meter rise



U.S. Army 
Corps of 

Engineers
SLR POLICY

July 2009:

‘Potential 
relative sea 

level rise must 
be considered 
in every COE 

activity’!  

U.S. Army Corps of Engineers



SLR impacts

Latest 
version?



MOVIE: Model of Sea-level rise, coastal erosion, and 
wave overtopping in Waimanalo, HI

http://www.soest.hawaii.edu/coasts/sealevel/

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.

Source: MD Sea Grant 

future flooded area due 
to 3’ rise in sea level 



1. Land use planning (by-law/zoning)

2. Building design practices

3. Control flood waters (levees; dikes; 
seawalls: beach/dune nourishment)

Adaptations to Sea Level Rise



Built Environment

Functioning & Healthy Ecosystems

Diversified Livelihoods

Human Safety & Safety Enhanced

Overarching Planning & Governance

May 2009



ANNEX A: Adaptation Measures
•Coastal Development Setbacks
•Building Standards
•Structural Shoreline Stabilization
•Beach & Dune Nourishment
•Living Shorelines

Adaption Measure              Relevance to Climate Change

Built Environment

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

Honorable 

Mention 



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)

Adaption Measure              Relevance to Climate Change



Source: FEMA CCM

Setback
with vegetative buffer

setback

High 
wash of 
wave



Benefits of Setbacks:
Avoid loss of shorefront dwellings
Protect infrastructure

** Avoid Shoreline Armoring
* Preserve Beaches
* Preserve Shoreline Access
* Preserve Marine (beach/intertidal)
Habitat

Anahola, Kauai ‘Forestalls’
the impacts 

of
‘sea level 

rise’



7 states have 
setback distances 
based on expected 
years from the 
shoreline. 
------------------------
The remainder 
specify a fixed 
setback from the 
shoreline.

(Evaluation of Erosion 
Hazards, Heinz Report, 2000) 

23 states & 
territories  
shoreline 
setback policy  
(Bernd-Cohen & Gordon, 
1998)
------------------------------

KAUAI



Hawaii County: 40’

Kauai:
• Average lot depth, or  
• Building size + Erosion rate-based
(70 x erosion rate + 40’)
(100 x erosion rate + 40’)

Maui: 
•Average lot depth or
(50 x erosion rate + 25’)

greater of two

Oahu: 40’ (20’ small lots)

HI CZM statewide  setback:
not <20’ & not >40’
from a ‘Certified Shoreline’

Exiting shoreline setbacks in Hawaii
(Jim O’Connell, UH Sea Grant Kauai)



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

Jim O’Connell 
UH Sea Grant, Kauai



Shoreline Setback and Coastal Protection 
Ordinance : Kauai, HI

Applicability : 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



17,390sf lot
proposed:

2,485 sf single family 
dwelling 

Kepuhi, Kauai, HI

(Aerial source: Univ HI, SOEST)

calculating 
the 

shoreline 
setback





‘Upper reaches of the wash of the 
waves, other than storms and seismic waves, at 

high tide during the season of the year in which the
highest wash of the waves occurs, usually 

evidenced by edge of vegetation growth, or the 
upper limit of debris left by the wash of the waves’

DLNR delineating a state 
‘Certified Shoreline’



ocean

beach

Certified Shoreline 
approved by DLNR 

Public Beach 
Area 

Private 
Land

In addition:
‘it’s the line from which the shoreline 

setback is measured landward’.



ocean

road

2. 
average 
lot depth

Vegetation line

DLNR Certified 
Shoreline 

Landward 
property 
boundary



Certified Shoreline 

ocean

road

Vegetation line

a

(x+x+x)/3 = 177’

‘Avg lot depth’
177’

Lot Survey



Kauai Shoreline Setbacks: Ordinance #863

If 
Average 
Lot 
Depth is:

< 
100 
ft or 
less

101-
120 
ft

121-
140 
ft

141-
160 ft

161-
180 
ft

181-
200 
ft

>200 
ft

Minimum 
Setback

40 ft 50 ft 60 ft 70 ft 80 ft 90 ft 100 ft

Structure with a 
Building Footprint that 
is:

Less than or equal to 
5,000 ft2

Greater than 5,000 
ft2

The Setback Distance 
is:

40 feet plus 70 times 
the annual coastal 

erosion rate(?)

40 feet plus 100 
times the annual 

coastal erosion rate

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.   

Jim O’Connell, UH Sea Grant on Kauai

177’

(proposed 2,485sf)





Erosion rate = 

-0.88’/yr 
(1927-2008)



DLNR Certified Shoreline 

ocean

road

Vegetation line

a

Avg lot depth 
(177’)

>160’ <180177’

-0.88’/yr 
erosion rate

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

certified shoreline

2,485sf dwelling (<5000sf)

Setback formula



Shoreline Setback = 102’
from Certified Shoreline 

(based on ‘erosion study’)

Setback = 
102’ from 
Certified 

Shoreline’

Jim O’Connell, 
UH Sea Grant 

Kauai

Shoreline Setback, 
Haena, Kauai

Certified 
Shoreline



32,234 sq ft        (Poipu)
Proposed single family house
For sale: $5,900,000

Setback = 100’

Kauai

Setback 

area

buildable 

area

Poipu

Avg lot depth = 264’ erosion rate-based setback(s): 54’ & 64’



July 2008
Jim O’Connell, 
UH Sea Grant Kauai

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

present ?

Estimate: L/D

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

Typically the L/D ratio is 100 (varies between 50 - 200)
Currently, sea level rise is approx 0.12”/yr – translates to 1’/yr 
erosion
(close to the average on Kauai, Maui & Oahu)

SO: given an approximate 1 meter rise 
by 2100 = shoreline retreat could 
exceed 300’
(Source: Beach Erosion & Loss, Chapter 9, p. 2-3)  



House ouse 
relocated relocated 
landwardlandward

House not ouse not 
relocated relocated 
landwardlandward

* RELOCATION
House - Relocate 

Landward

(Photo from: HI Hazard Mitigation Guidebook, 
D. Hwang, 2006)



Adaptive Capacity to respond to sea level 
rise in the Built Environment: 

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

1.Moving in the opposite direction (landward);
2.Moving higher above waves & flood; 
3.Protect it (dike/levee/seawall); or,
4.Don’t build in a flood-prone area.    



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)

Adaption Measure              Relevance to Climate Change



Federal 
Emergency 
Management 

Agency:

In light of 
relative sea 
level rise, 
erosion, & 

potential map 
errors need 
to be more 
protective –
progressive!



From: ‘Building 
Performance: 
Hurricane Iniki in Hawaii’

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

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

Freeboard 



Freeboard

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

Better preparation for ongoing sea level rise



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



V‐zone Coastal A‐zone (LiMWA)

LiMWA Zone



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!! ** 

(FEMA’s Coastal Construction Manual recommends 
distinguishing ‘Coastal A-zones’ & apply higher V-zone standards)

LiMWA
zone



Elevate on 
open piles



For SaleFor Sale

‘Real Estate Disclosure’ of site specific 
coastal hazards & Property Owner  

‘Education’
Flood zone      Tsunamis zone      Erosion Rate      Set-back      



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)



See also web site: 
UH Center for Island 
Climate Adaptation 
& Policy 

May 2009

(1) (2)



Hui O Mana Ka 

Pu‘uwai
Outrigger Canoe Club

Jim O’Connell
UH Sea Grant Program on 

Kauai

(808) 241-4921 
Jim.OConnell@hawaii.edu


