FAILURE TO PROTECT BEACHES UNDER SLOWLY RISING SEA LEVEL
Supplementary Information
Coastal Zone Management in the United States
Recognizing rapid growth and the need for better coastal zone management (CZM), the United States Congress ratified the Coastal Zone Management Act (CZMA) in 1972 (Chasis, 1985). The purpose of the CZMA is to “preserve, protect, develop, and where possible, to restore or enhance the resources of the nation’s coastal zone” (16 USC §§ 1451-1466; Appendix). Outlined in the CZMA is the National Coastal Zone Management Program (NCZMP), which establishes partnerships with coastal states and territories using annual allocations and grants tied to policy stipulations and regular reviews. 

Coastal Zone Management in Hawaiʻi
Codified as Hawaiʻi Revised Statutes Chapter 205A (HRS §§ 205A), the Hawaiʻi Coastal Zone Management Program (HCZMP) is a typical federal-local partnership under the NCZMP. Established in 1977 to “provide for the effective management, beneficial use, protection, and development of the coastal zone” (HRS §§ 205A-1 to 49), the HCZMP is a networked system, regulating the coastal zone through participating state and local agencies. 
The HCZMP receives annual funding, and is regularly reviewed for compliance, from the National Oceanic and Atmospheric Administration (NOAA) Office for Coastal Management (OCM). Fiscal year 2016, for instance, the Hawaiʻi allocation for coastal zone management act sections 306/306A and 309 from the NOAA-OCM totaled $2,269,049 (Federal Program Budgets). This funding is, in turn, distributed among local network agencies in support of their coastal management activities aligned with federal and state program goals. 
Coastal development is regulated through three policies: land use zoning ordinances, Special Management Areas (SMA) and Shoreline Setbacks (Braxton, 2003). Pursuant to HRS §§ 205A-5, the SMA designates areas along the shoreline that require special controls on development. The setback establishes a development prohibition zone defined by a minimum distance from a designated baseline (defined in Hawaiʻi as the highest annual reach of the waves; HRS §§ 205A-1 to 49). 
On the capital island of Oʻahu, the City and County of Honolulu (C&C) has adopted SMA policy, codified as Revised Ordinances of Honolulu (ROH) Chapter 25, which states that it is the “policy to preserve, protect, and where possible, to restore the natural resources of the coastal zone of Hawaiʻi” (ROH § 25-1.2). 
The C&C setback policy, codified as ROH Chapter 23, states “It is the primary policy of the city to protect and preserve the natural shoreline, especially sandy beaches; to protect and preserve public pedestrian access laterally along the shoreline and to the sea; and to protect and preserve open space along the shoreline. It is also a secondary policy of the city to reduce hazards to property from coastal floods.” (ROH § 23-1.2). 
The C&C has adopted shoreline setback distances of 20-60 feet depending on parcel lot size, regardless of the stability of the shoreline. The setback line is generally established 40 feet inland from the designated shoreline. No new development may take place within the shoreline setback unless a “variance” is granted (Cox et al., 1975). 
A number of exemptions are defined that effectively reduce the scope of the SMA. For instance, “development” in the SMA does not include the following: single-family residences less than 7500 square feet, repair and maintenance of roads and highways, interior alterations to existing structures, structural improvements to existing single family residences including additional dwelling units, and others (Special Management Area, Revised Ordinances of Honolulu). These exemptions have led to continued expansion of beachfront residential development, even where shorelines are chronically eroding.
C&C policy allows for a variance to shoreline setback policy where a hardship exists (ROH § 23-1.8). The hardship standard includes “Private facilities or improvements that may artificially fix the shoreline, but only if hardship is likely to be caused by shoreline erosion and conditions are imposed prohibiting any such structure seaward of the shoreline unless it is clearly in the public interest.” The policy goes on to state that hardship may only be found if “…applicant will be deprived of reasonable use of land if required to fully comply with shoreline setback rules.” (Shoreline Setback, Revised Ordinances of Honolulu). Historically, it is under this hardship variance that various forms of coastal hardening, seawalls and revetments, have been routinely permitted.  
Study Area
Local sea level rise in the study area is documented by two tide stations: 1) the Honolulu tide station, established in 1905 and one of the longest continuously recording stations in the U.S., chronicles a long term mean sea level trend of 1.44 ± 0.21 millimeters per year (NOAA, Tides and Currents); 2) the Mokuoloe tide station (recording since 1957) chronicles a trend of 1.26 ± 0.52 millimeters per year which agrees with the Honolulu record at the 95 percent confidence interval. Thus, over the period of our analysis, sea level has been rising in the study area (1.2 to 1.4 millimeters per year).
This coast is characterized by northeast trade winds, dominant 75 percent of the year with an average speed of 25 kilometers per hour (Fletcher et al., 2012). Trade wind waves with heights ranging from 0.3 to 1.3 meters, tend to have weaker energy than swells from the north or south due to their shorter wavelengths (Vitousek and Fletcher, 2008). However, when wind speeds accelerate, often for several days at a time, wave-driven erosive conditions develop along the sandy shoreline. During winter, this stretch of coastline is subjected to large refracted North Pacific swell that exceed trade wind waves in energy and cause seasonal shifts in shoreline position that usually recover by the end of the season.

Methodology 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]For this study, vectors of historical shoreline positions were digitized from survey-grade, orthorectified vertical aerial photomosaics providing coverage of the coastlines of Hauʻula, Punaluʻu, and Makaliʻi (Table SI1). The total 87-year time series extends from 1928 to 2015 with historical shoreline position vectors acquired from up to 13 separate years of imagery (Table SI2). 

Table SI1: Summary of data sources.
	DATA TYPE
	SOURCE
	YEAR
	DESCRIPTION

	Modern aerial photos
	Resource Mapping Hawai'i
	2015
	Raw aerial shoreline photos taken 02/27/2015

	Aerial mosaics, shoreline vectors
	Hawaiʻi Coastal Geology Group
	1928, 1949, 1958, 1967, 1971, 1975, 1988, 2000, 2006
	Ortho-rectified historical shoreline mosaics

	Aerial imagery without shoreline vectors
	Hawaiʻi Coastal Geology Group
	1985, 1993, 2011
	Raw aerial shoreline photos

	Historical shoreline vectors
	Hawaiʻi Coastal Geology Group
	1928, 1949,1958, 1967, 1971, 1975, 1988, 2000, 2006
	Low water mark and vegetation line vectors

	Tax Map Key (TMK) parcels
	State of Hawaiʻi Office of Planning
	2016
	Polygon layer of Oʻahu TMK data, building info.  projected to UTM Zone 4 NAD83. C&C of Honolulu FTP site ftp://gisftp.hicentral.com/, on 8/11/2016

	Building footprints (C&C)
	honolulugis
	2016
	Polygon layer of building footprints Oʻahu.  Projected to GCS WGS 1984

	Mokuoloe tide gauge
	University of Hawaiʻi Sea Level Center
	1957-2014
	Hourly water level 

	Honolulu tide gauge
	University of Hawaiʻi Sea Level Center
	1905-2014
	Hourly water level 

	Kaneohe Bay buoy
	Coastal Data Information Program (CDIP)
	2012-2015
	Wave height.  Station CDIP 098 windward side of Oʻahu offshore of Pyramid Rock.

	Makapuʻu Point buoy
	CDIP
	1981-1996
	Wave height.  Station CDIP 034 22 miles offshore of Makapuʻu Point.

	NOAA WaveWatch III (WW3)
	Asia Pacific Data Research Center
	1997-2015
	Wave height. Global wave model on a 1.25̊ latitude x 1̊ longitude grid.



Table SI2: Summary of historical shoreline coverage.
	YEAR
	REGION 

	1928
	Hau'ula, Punalu'u, Makali'i

	1949
	Hau'ula, Punalu'u, Makali'i

	1958
	Hau'ula, Punalu'u, Makali'i

	1967
	Hau'ula, Punalu'u, Makali'i

	1971
	Hau'ula, Punalu'u, Makali'i

	1975
	Hau'ula, Punalu'u, Makali'i

	1985
	Hau'ula

	1988
	Punalu'u, Makali'i

	1993
	Hau'ula, Punalu'u, Makali'i

	2000
	Hau'ula

	2006
	Hau'ula, Punalu'u, Makali'i

	2011
	Hau'ula, Punalu'u, Makali'i

	2015
	Hau'ula, Punalu'u, Makali'i



High resolution (0.5 meter pixel) photographs were orthorectified and mosaicked in PCI Geomatics, Inc., Geomatica Orthoengine software (http://www.pcigeomatics.com/), following methods in Fletcher et al. (2003, 2012) and Romine et al. (2009). To analyze beach width, two features were digitized: the low water mark (LWM) and the vegetation line. The LWM, also referred to the beach toe, is the base of the foreshore that is identified in imagery by various indicators including the seaward-most return position of wave swash, distinct tonal and contrast changes, and dissimilar bottom cover characteristics. The vegetation line is the seaward extent of vegetation growth or the base of a seawall or revetment. The position of these proxies is recorded at evenly spaced (20 meter) transects along the coast.  
Beach width is calculated at each transect as the distance between the LWM and vegetation line. These values were averaged in the alongshore direction to obtain an average beach width by year. Beach width is also used to calculate the percentage of beach permanently lost to erosion.  Transects with a beach width of zero for consecutive years, for which data is available, were identified as experiencing permanent beach loss.  The number of transects with permanent beach loss was divided by the total number of transects in the study area to obtain the percentage of beach loss over the period of study. 
At each and every transect in the study area, shoreline change rates were calculated from 1928 to each successive year (1928–1967, 1928–1971, 1928–1975, etc.)  To detect differences in recent shoreline trends compared to earlier trends, and the overall time series, we also generated historical shoreline change rates from 1975 to 2015.  Shoreline change rates along portions of the shoreline were averaged to characterize trends in beach stability (accreting - positive value; erosional - negative value).  By counting the number of eroding transects and dividing by the total number of transects, the percentage eroding shoreline by year is defined.
We recorded the existence of development (roads, buildings) and the occurrence of shoreline hardening in each photomosaic over the period 1928 to 2015.  Tax map key (TMK) geographic information system (GIS) data was obtained from the State of Hawaiʻi Office of Planning and was utilized to record number of dwellings within a TMK parcel.  GIS data describing the built environment was obtained from the C&C of Honolulu and used to digitize buildings and roads for all years.  In this study, ‘building’ includes both commercial and noncommercial units.  
The length of shoreline hardening was identified in each photomosaic.  In this study, hardening is defined as a physical structure, such as a revetment or a seawall, which was constructed to protect the coastal upland from erosion.  Whether a seawall fronted a transect was determined by visual inspection. Once seawalls were identified, their total length was calculated by summing the number of transects fronted by a seawall and multiplying this number by the transect spacing, 20 meters.
Individual buildings were digitized and categorized by type using ArcGIS. Building polygon vectors obtained from public databases were adjusted to accurately represent individual coastal buildings for each historical photomosaic. The total number of coastal buildings was counted by year. 
The final GIS dataset includes the following: 1) vegetation line and LWM vectors from each year of photography, 2) beach width, 3) rates of shoreline change beginning with the period 1928-1967 and additional rates calculated sequentially with the addition of subsequent years, 4) locations and length of hardened shoreline, 5) individual buildings, and 6) shoreline geomorphology.  Imagery from 1985, 1993, and 2011 are not accompanied with measured shoreline position vectors. However, numbers of buildings and length of hardening was identified to better characterize the progression of land use throughout the time series.   
Positional and measurement uncertainties were quantified following Fletcher et al. (2003), Romine et al. (2009), Fletcher et al. (2012), and Romine et al. (2013).  Errors, assumed to be normally distributed (Fletcher et al., 2003), are introduced in documenting the following variables: 1) historical shorelines; 2) upland development; and 3) coastal hardening. Positional and measurement uncertainty reduces the accuracy of defining historical shoreline proxies.  Positional uncertainties include errors associated with seasonal shoreline patterns (storms and waves), and tides, which introduce variability to LWM positions unrelated to long-term trends or land-use patterns. Measurement uncertainties include errors associated with the mapping process, including pixel error, orthorectification error, and digitizing error. 
Following methods by Fletcher et al. (2003), Romine et al. (2009), Fletcher et al. (2012), and Romine et al. (2013), five errors were calculated for the LWM: pixel error (Ep, pixel size limitations), rectification error (Er, RMS error), digitizing error (Ed, digitizing the shoreline), tidal fluctuation error (Etd, horizontal movement due to vertical tides), and seasonal error (Es, waves and storm influence on the position of the LWM). These errors are joined as a root sum of squares, total positional error (Etp). Vegetation line errors are calculated using a similar process as the LWM.  However, because the vegetation line is not affected by short-term variations, Es and Etd are not included in the total positional uncertainty calculation. Shoreline position vectors were acquired for ten photomosaics. The scarcity of historical imagery means that calculated shoreline change rates typically have high uncertainty values. This is an intrinsic characteristic of a sparse data time series.
Recording the number of individual buildings and the length of coastal hardening along the shoreline is limited to feature identification errors associated with quality and resolution of the imagery. The quality of imagery decreases historically and it becomes increasingly difficult to identify coastal hardening in older photomosaics.  From 1928 to 1988 photomosaics are black and white, making it more difficult to identify features compared to modern colored mosaics.  In addition, overhanging vegetation and the presence of buildings and their shadows can make it difficult to clearly identify seawalls and revetments. 
Beaches respond to atmospheric and oceanic forcing.  For instance, high water levels and swells cause rapid shoreline retreat.  High energy waves transport sand offshore and form sandbars that migrate back onshore as forcing wanes (Wright and Short, 1983).  However, full shoreline recovery may require several days to a few weeks during which time new wave forcing may arise. Thus, beaches are often in a state of quasi-equilibrium because the time-scales of forcing and recovery may overlap. This morphodynamic variability controls shoreline position and thus is a source of uncertainty in our photogrammetric time series.
Water level and wave data are available for a portion of the study period (Table SI3).  Water levels are available on Oʻahu from the Honolulu and Mokuoloe tide gauges which are maintained by the University of Hawaiʻi Sea Level Center under agreement with the National Oceanic and Atmospheric Administration, Co-Ops program. Hourly water level data for Honolulu spans 1905 to 2014 and for Mokuoloe, 1957 to 2014. Wave data are available from three sources: wave buoys at Makapuu Point (1981 to 1996) and Kaneohe Bay (2012 to present), and as NOAA WaveWatch III (WW3) model output (1997 to 2015). 
We use these wave and water level data to investigate interannual variability and extreme events from 1981 to 2015. The top 2% of water level values, and wave heights 4 m or higher, provide a history of extreme atmospheric and oceanic forcing in the study area.
Extreme water levels and wave heights correlate with seasonal and inter-annual variation.  Throughout the time series (Fig. SI1) extreme water levels and swell events were more likely to occur in winter (November to March), during El-Nino years (‘57-‘58, ‘65-‘66, ‘72-‘73, ‘87-‘88, ‘97-98, ‘02-‘03; NOAA, 2017), and during summer solstice tides (May-July). Although there are more extreme water level and swell events during El-Nino years, the number of extreme events does not necessarily correlate to the intensities of the El Niños.  For instance, according to NOAA’s Multivariate ENSO Index (MEI) the ‘97-‘98 El-Nino is considered a ‘Very Strong’ event.  In comparison, the ‘02-‘03 El-Nino is considered a ‘Moderate’ event.  Despite this, the number of extreme water level and high swell days that occurred five years prior to the 2006 mosaic was much greater than the number of extreme events that occurred five years prior to the 2000 mosaic. This collection of extreme water levels and wave events are used in the case studies that follow.

Table SI3 Recordings of high water level days (top 0.2%) and high swell days (>4m)
	Date of Aerial Image
	# high water level days (5 yr prior)
	# high water level days (1 mon.  prior)
	Most recent high water event
	# high swell days (5 yr prior)
	# high swell days (1 mon. prior)
	Most recent high swell event

	1928
	2
	0
	8/3/1925
	N/A
	N/A
	-

	SEPT./OCT. 1949
	18
	0
	1/17/1949
	N/A
	N/A
	-

	NOVEMBER 1958
	9
	2
	11/12/1958
	N/A
	N/A
	-

	APRIL 1967
	16
	0
	1/25/1967
	N/A
	N/A
	-

	FEBRUARY 1971
	21
	0
	6/30/1969
	N/A
	N/A
	-

	APRIL 1975
	5
	0
	8/18/1974
	N/A
	N/A
	-

	FEBRUARY 1988
	46
	2
	1/31/1988
	23
	0
	5/25/1987

	MAY 2000
	34
	0
	10/24/1999
	14
	0
	1/25/2000

	OCTOBER 2006
	123
	2
	10/10/2006
	37
	1
	10/3/2006

	FEBRUARY 2015
	25
	N/A
	12/25/2014
	10
	0
	1/1/2015


[image: ]
Figure SI1 Extreme water levels and swell heights that occurred 1 month prior and/or 5 years prior to the day photomosaics were obtained. Note that wave data was not available prior to 1981.

Table SI4 Historical shoreline change from 1928 to year specified, for each geomorphology, and the total shoreline. 
	SHORELINE CHANGE RATES (M/YR)

	YEAR
	1967
	1971
	1975
	1988
	2006
	2015

	HEADLAND
	-0.06 ± 0.15
	-0.06 ± 0.12
	-0.07 ± 0.1
	-0.1 ±0.08
	-0.12 ±0.06
	-0.11 ± 0.06

	TRANSITIONAL
	0.09 ± 0.07
	0.1 ± 0.05
	0.11 ± 0.03
	0.08 ± 0.07
	-0.03 ± 0.07
	-0.02 ± 0.05

	EMBAYED
	0.07 ± 0.14
	0.1 ± 0.10
	0.11 ± 0.08
	0.11 ± 0.06
	0.01 ± 0.05
	-0.01 ± 0.04

	 
	 
	 
	 
	 
	 
	 

	REEF-FRONTED
	0.01 ± 0.11 
	0.03 ± 0.09
	0.02 ± 0.07
	0.0 ±0.07
	-0.07 ± 0.06
	-0.06 ± 0.05

	SAND CHANNEL
	0.01 ± 0.09
	0.02 ± 0.07
	0.04 ±0.05
	0.04 ± 0.03
	-0.03 ± 0.05
	-0.04 ± 0.04

	 
	 
	 
	 
	 
	 
	 

	ALL
	0.01 ± 0.12
	0.03 ± 0.09
	0.03 ± 0.07
	0.01 ± 0.07
	-0.06 ± 0.06
	-0.06 0.05



Table SI5 Beach loss from 1928 to 2015.  Seasonal beach loss indicates recovery following seasonal wave-induced erosion.  Degraded beaches are calculated as the sum of narrowed and permanent beach loss.  
	 YEAR
	SEASONAL BEACH LOSS (%)
	PERMANENT BEACH LOSS (%)
	NARROWED (%)
	DEGRADED (%)

	1928
	10
	0
	N/A
	N/A

	1949
	11
	0
	N/A
	N/A

	1958
	10
	0
	N/A
	N/A

	1967
	1.8
	0
	57
	57

	1971
	9.7
	0
	53
	53

	1975
	2.4
	0.8
	54
	55

	1988
	14
	8.6
	51
	60

	2006
	28
	17
	58
	75

	2015
	19
	19
	55
	74



Table SI6 Increase in coastal development and length and percent of hardened and unhardened beach from 1928 to 2015.
	
	
	HARDENED BEACH
	UNHARDENED BEACH

	YEARS
	AMOUNT OF COASTAL BUILDINGS
	% OF SHORELINE
	AVERAGE BEACH WIDTH (M)
	% OF SHORELINE
	AVERAGE BEACH WIDTH (M)

	1928
	39
	0
	N/A
	100
	11.4

	1949
	107
	20
	6.6
	80
	13.1

	1958
	129
	30
	6.2
	70
	13.4

	1967
	155
	41
	13.4
	59
	17.7

	1971
	164
	42
	9.8
	58
	16.9

	1975
	177
	45
	11.0
	55
	17.0

	1988
	N/A
	N/A
	8.3
	N/A
	16.4

	1993
	185
	51
	N/A
	49
	N/A

	2006
	192
	63
	5.4
	37
	12.1

	2011
	190
	64
	N/A
	36
	N/A

	2015
	189
	63
	7.9
	37
	15.0



Table SI7 Shoreline change rates from 1928 to 1975 and from 1975 to 2015 by geomorphic region. 
	
	SHORELINE CHANGE RATES (M/YR)

	
	1928 TO 1975
	1975-2015

	HEADLAND
	-0.07 ± 0.1
	-0.09 ±0.09

	TRANSITIONAL
	0.11 ± 0.03
	-0.18 ± 0.06

	EMBAYED
	0.11 ± 0.08
	-0.18 ± 0.09

	
	
	

	REEF-FRONTED
	0.02 ± 0.07
	-0.13 ± 0.05

	SAND CHANNEL
	0.04 ±0.05
	-0.17 ± 0.07

	
	
	

	ALL
	0.03 ± 0.07
	-0.14 ± 0.06


Comparing shoreline rates from 1928 to 1975 and 1975 to 2015 the shoreline rate changed from -0.07 ± 0.1 meters per year (erosion) to -0.09 ± 0.09 meters per year (erosion) in headland regions, from 0.11 ± 0.08 meters per year (accretion) to -0.18 ± 0.09 meters per year (erosion) in embayed regions, and from 0.11 ± 0.03 meters per year (accretion) to -0.18 ± 0.06 meters per year (erosion) in transition regions.  A two-tailed test at the 95 percent confidence interval revealed that headland regions do not show a significant change when comparing the rates from 1928-1975 and 1975-2015.  However, shoreline change rates from 1928-1975 and 1975-2015 in transition and embayment regions show a statistically significant difference.  

Public Lands 
Public beach parks in the study area were examined to gain an understanding of shoreline patterns in undeveloped areas. Hau’ula and Punalu’u parks, both with public restrooms, a pavilion, showers, and picnic tables, are popular recreational sites among local residents and often crowded with families on weekends and holidays. These are times when beaches allow local children to learn how to safely use the ocean. 
Both parks have experienced a decrease in shoreline stability due to flanking from adjacent hardening on private lots. From 1928 to 1975, Punalu’u Beach Park was strongly accreting at a rate of 0.49 ± 0.07 meters per year.  However, following 1975, the beach has been rapidly eroding at a rate of -0.36 ± 0.12 meters per year.  The southeast portion of the park is experiencing the strongest erosion due to flanking by hardened shoreline on neighboring private property.
Hau’ula Beach Park is also eroding at a long-term average of -0.13 ± 0.03 meter per year.  Until 1975, the park was only slightly erosive with an average shoreline change rate of -0.07 ± 0.03 meters per year.  But following 1975, the shoreline experienced severe recession at a rate of -0.2 ± 0.05 meters per year.  Flanking from seawalls built in the 2000’s directly adjacent to the northwest end of the park is responsible for this accelerated erosion rate.

Policy Recommendations
While Hawai’i remains a visitor destination for its beautiful beaches, a majority of the State’s beaches are threatened by chronic erosion (Fletcher et al., 2012) that is exacerbated by seasonal wave impacts, coastal hardening (Romine and Fletcher, 2012a), sea level rise (Romine et al., 2016), and management policies that are unsuccessful in achieving conservation goals.  The State’s political leaders and CZM managers should use the information in this study as a warning that existing policy is insufficient to protect remaining beach assets. 
The HCZMP should be reviewed and revised to specifically address accelerated coastal erosion rates anticipated to accompany future sea level rise (Romine et al., 2013). Tide gauge and satellite altimeter data reveal that global mean sea level is already rising at three times the rate of the 20th century (Chen, et al., 2017). Depending on the melting behavior of the Greenland and Antarctic ice sheets, sea level may reach approximately 0.30 meters by mid-century and 1.0 to 2.5 meters by the end of the century (Sweet et al., 2017). Because of global gravity anomalies, future sea level in Hawaiʻi and other locations in the Pacific is projected to rise approximately 20 percent higher than the global average (Sweet et al., 2017). If we hope to have beaches in our future, careful planning is needed to address the threat that sea level rise poses to coastal environments.  
To be more effective in reaching stated goals, the HCZMP needs to not only regulate housing size, style, and footprint, but also to completely forbid shoreline hardening on sandy beaches. This will require articulation of an exit strategy for buildings threatened by erosion rather than allowing for the proliferation of seawalls.
Generally, coastal development is prohibited within the shoreline setback, with a few notable exceptions.  One exception is a “nonconforming structure” which is a structure which was “previously lawful but which is located within the shoreline setback as a result of subsequent beach erosion, or as a result of changes in the law relating to the shoreline setback” (ROH § 23-1.2 to 1.7).  Any building within the shoreline setback that was legally constructed, but does not comply with newly adopted regulation is considered a nonconforming structure. Roughly 93 percent of the buildings in the study area are nonconforming structures.  Nonconforming structures may be legally maintained and expanded provided that such maintenance and expansion does not result in an increase of the non-conformity. These buildings, and their allowance to be maintained and expanded, violates the spirit and intent of both the SMA and the set-back
One policy revision to be considered includes a more effective shoreline setback for the State of Hawaiʻi and the C&C of Honolulu. Subscribing to a data-based policy on shoreline setbacks would significantly reduce the frequency of future development occurring in areas threatened by erosion. This would avoid conflicts between the public’s interest in beach access, wide beaches, and open space, and landowner interests in protecting private property. In the long run, effective data-based shoreline setbacks could protect all parties from the harmful effects of shoreline erosion and beach loss.
In order to develop an effective setback, researchers must provide new estimates that evaluate the current impacts of erosion and project future erosion stemming from accelerated sea level rise. Hawai’i County and C&C both use a fixed distance of 20-60 feet as a shoreline setback whereas Maui and Kauaʻi counties have adopted rate-based setbacks (Table SI8).

Table SI8 A comparison of the C&C of Honolulu, Maui, and Kauaʻi shoreline setback regulations.
	COMPARISON OF SHORELINE SETBACKS ON O’AHU, MAUI AND KAUA’I ISLANDS

	
	METHOD 1
	METHOD 2

	
	Based on Lot Depth
	Minimum Setback (ft)
	Based on Coastal Erosion Study

	C&C of Honolulu
	Less than 30 ft:
	20
	N/A

	
	30 ft or more:
	40
	

	
	New subdivisions:
	60
	

	Maui County
	100 ft or less:
	25
	25 feet plus 50 times the annual rate of coastal erosion

	
	100 ft-160 ft:
	40
	

	
	160 feet or more:
	25% of average lot depth, but not more than 150 ft
	

	Kauai County
	100 ft or less:
	40
	Structures 5,000 ft2 or less:
	40 ft plus 70 times the annual coastal erosion rate

	
	101 to 120 ft:
	50
	
	

	
	121 to 140 ft:
	60
	
	

	
	141 to 160 ft:
	70
	Structures more than 5,000 ft2:
	40 feet plus 100 times the annual coastal erosion rate

	
	161 to 180 ft:
	80
	
	

	
	181 to 200 ft:
	90
	
	

	
	More than 200 ft:
	100
	
	



Shoreline setback distances in Maui and Kauaʻi counties are established using a combination of criteria: the rate of historical shoreline change, or the average depth of the lot.  On the island of Maui, the construction setback is calculated as either 50 times the annual rate of erosion plus 25 feet (Method 2, Table 5), or is based on the average lot depth (Method 1, Table 5).  Whichever method gives a greater distance from the shoreline, or an overlay of such distances, is designated as the shoreline setback.  For lots with greater depth, the setback is set wider, taking advantage of the available land to shift development as far landward as possible. For instance, a lot with an average depth of 100 feet or less is assigned a setback that is 25 feet from the shoreline; whereas a lot with an average depth between 100 feet and 160 feet is assigned a setback of 40 feet from the shoreline. The setback progressively widens with the depth of the lot.
On the island of Kauaʻi, the shoreline setback is more conservative than Maui County. For lots with an average depth of 160 feet or less, the applicant can decide whether the setback distance shall be based on the average depth of the lot or on the rate of shoreline change. Under the first option, the minimum shoreline setback is 40 feet, and expands with greater lot depth until a lot depth greater than 200 feet is assigned a setback of 100 feet.  The setback can also be determined by a coastal erosion study.  For structures with a building footprint that is less than or equal to 5,000 square feet, the setback from the shoreline is a distance equal to 40 feet plus 70 times the annual coastal erosion rate.  For structures with a building footprint greater than 5,000 square feet the setback from the shoreline is 40 feet plus 100 times the annual coastal erosion rate.
Hawaiʻi County and the C&C of Honolulu should consider following the example set by Maui and Kauaʻi counties and implement shoreline setback policies that accommodate historical erosion trends, combined with a setback component scaled to future sea level rise. Erosion rate-based setbacks can complement additional policies as well. For instance: 
1. Prevent the granting of new land use entitlements for future development in coastal areas that are subject to shoreline erosion and other coastal hazards; 
2. Relocate (retreat) future development inland of future erosion hazard zones; 
3. Prevent landowners from implementing actions that will produce negative impacts on adjacent lands (e.g., flanking); 
4. Enact sand conservation steps that prevent any action that may reduce beach sand volume, beach width, or beach length; and 
5. Develop incentives that encourage existing beachfront owners to retreat from the shoreline (e.g., land swaps, buy-outs, transferable development rights, living estates, permits for activities that are otherwise disallowed, reverse mortgages, conservation easements, incrementally rising restrictions to codes and standards, and others). 

The published body of research literature (e.g., Sweet et al., 2017) now considers sea level rise and erosion to be inevitable and it is better to take early action to protect beaches, open space, and public access than to wait until rising sea level is rapidly accelerating when there is less flexibility in land use and the pressures of urgency interfere with envisioning thoughtful options.  
To conserve beaches in a future of rising sea level, authorities will need to be proactive and identify specific locations where there is a high probability of future coastal erosion that would result in the loss of beaches that are deemed of high value for preservation. Coastlines identified as “high value” could be based on multiple factors such as assessing the impact of beach loss on culture, ecology, critical habitat, recreation, tourism, public access to and along the shoreline, childhood ocean safety learning experiences, infrastructure and private property, and abundant sand supply, and other attributes. These beaches would be deemed as essential assets and no action allowed that could potentially harm them.
To avoid future conflicts, each county could prohibit the granting of new land use entitlements for future shoreline development. The state and counties could develop a program to purchase homes that are currently or likely to become threatened by erosion.  Such a program could be financed through a conveyance tax on the sale of high-end homes, a barrel or fuel tax tied to carbon emissions, or through special tax districts within the SMA (i.e., improvement districts). The program could employ life estate planning to acquire lands. An incremental, but persistent application of this adaptation strategy could see significant positive returns in the near term in the form of protection of public safety, preservation of open space, enhanced public access, and beach preservation – fulfilling the goals of long-standing CZM policy.  Similarly, the counties could develop a land swap and/or transfer of development rights program whereby property threatened by erosion would be identified for conservation and property owners would be compensated with land or development rights in an area that is appropriate for development.  There is a widespread problem with illegal vacation rentals on beachfront properties which could provide leverage for long-term acquisition.
Specialized land assessment could also be developed to recognize differences in the value of property that is currently not threatened by erosion, and property that is or will be. In addition, coastal erosion management should be ongoing throughout this process to mitigate the rate of erosion.  This includes techniques to reduce sediment losses by preserving sand dunes using fencing and native habitat restoration, and mitigating the flanking impacts of hardening. Beach restoration, typically an expensive endeavor, is largely confined to projects with high benefit: cost projections. This solution temporarily mitigates chronic erosion, and must be implemented in subsequent years if the cause of erosion is not addressed. Further, precaution must be taken to ensure this option doesn’t degrade coastal water quality, promote increased development, or damage coastal marine ecosystems.  However, in areas where the benefit of having a healthy beach significantly exceeds the cost of beach restoration, then beach restoration should take place.  
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