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Shoreline Setback Regulations on the Island of Maui, Hawaii—An Analysis of
Shoreline Variability, Existing Policy, and Recommendations for Change

Coastal erosion hazards on the Island of Maui can be divided into two

general categories. Chronic shoreline retreat results from the gradual narrowing of

beaches and shorelines over time under the influence of long-term dominant coastal

processes and features of the littoral sediment budget that cause local sediment

deficiencies. Episodic shoreline retreat results from large episodic erosion events

such as Kona storms, hurricanes, and large seasonal swell, and is typified by rapid

recovery of the shoreline to its original position.

Previous studies of coastal erosion on Maui have focused on chronic

erosion, providing projections of future shoreline position based on extrapolation of

historical erosion data. These studies, while helpful in predicting the long-term

position and future behavior of the shoreline, lack a careful consideration of

episodic erosion hazards and do not specifically address the dynamic nature of

Maui's coastline. It is this dynamic shoreline behavior that often constitutes the

most severe coastal erosion hazard at many locations on Maui, and is often not

represented in long-term average erosion rate analyses. This study builds upon

previous studies, analyzing existing, raw shoreline position data to quantify the

dynamic nature of Maui's coastline.

This report also provides a quantitative assessment of current shoreline

setback policy based upon these historical shoreline variability data. Coastal

development on Maui is currently prohibited between the shoreline, defined as the

highest annual reach of the wash of waves, and a shoreline setback line, located at a

distance from the shoreline that varies according to lot size. Existing shoreline

setback regulations do not take into consideration the history of shoreline

variability at particular locations, and as a result, have often failed to protect coastal

development and public resources from the effects of coastal erosion. This failure

has been widely reported elsewhere, but to date has not been quantified.

2



Finally, recommendations for changes to Maui's current shoreline setback

regulations to better incorporate data from the above analyses are presented.

Regulatory changes that further limit the range of permitted uses of coastal

property raise significant legal issues. Central to the discussion are the principles of

the public trust doctrine and the provisions of the U.S. Constitution's Fifth

Amendment prohibition of governmental takings without just compensation. An

overview of these issues is presented, including a discussion of several key features

specific to the public trust doctrine in Hawaii and several unique characteristics of

Hawaii's coastal zone management regulatory framework that play a key role in

how these policies affect the feasibility of new shoreline setback regulations. A

model shoreline setback ordinance for Maui County that incorporates the issues

discussed in this report is presented.
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INTRODUCTION

Coastal erosion hazards on the Island of Maui can be divided into two

general categories. Chronic shoreline retreat results from the gradual narrowing of

beaches and shorelines over time under the influence of long-term dominant coastal

processes and features of the littoral sediment budget that cause local sediment

deficiencies. Episodic shoreline retreat results from large episodic erosion events

such as Kona storms, hurricanes, and large seasonal swell, and is typified by rapid

recovery of the shoreline to its original position.

There have been several past and current research efforts to characterize the

nature of coastal erosion along Maui's shoreline (Fletcher et al., in progress;

Moffatt and Nichol Engineers, 2000; Rooney and Fletcher, 2000; Fletcher and

Hwang, 1994; Hwang and Fletcher, 1992; MOESEI, 1991; and others). Previous

studies of beach erosion in Hawaii have indicated that 62% of the sandy shoreline

on Maui is eroding at an average rate of 1.25 feet per year (Hwang and Fletcher,

1992), and that as much as 30% of Maui's shoreline has experienced beach loss or

significant narrowing (MOESEI, 1991). On Maui, it has been estimated that one

third of the original sandy beaches has been lost or narrowed over the last 50 years

(Fletcher and Hwang, 1994). The consistent effects of chronic coastal erosion are

more severe along certain stretches of Maui's coastline, and are often amplified by

human activities and modification of the coastal environment.

Two previous studies comprise the principal sources of coastal erosion data

currently available to coastal zone managers in Hawaii. Both utilize aerial

photographs to document the history of shoreline change in Hawaii, but vary both

in methodology and principal focus. The first is a 1991 study funded by the Hawaii

Coastal Zone Management Program entitled "Aerial Photograph Analysis of

Coastal Erosion on the Islands of Kauai, Molokai, Lanai, Maui, and Hawaii."

Conducted by Makai Ocean Engineering, Inc., and Sea Engineering, Inc., the study

analyzed aerial photographs of 27.3 miles of shoreline on the island of Maui to

determine historical changes in the position of the shoreline. Among the products
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of this study were digitized shoreline position data provided in the form of large-

scale digital plots of the shoreline position at various points in time for which

photographs were available.

A more recent study is currently underway by researchers at the University

of Hawaii (Fletcher et al., in progress), the goal of which is to produce high-

resolution maps of coastal erosion on Maui for land-use planning purposes. Like

the 1991 study noted above, this study utilizes mosaics of historical sets of aerial

photographs as base imagery from which to measure historical shoreline change,

but takes advantage of modern technology and updated analysis methods. As of this

writing, however, the study is incomplete and does not provide coverage of the

entire island.

Both studies focus primarily on chronic coastal erosion, and provide

projections of future shoreline position based on extrapolation of historical erosion

data. These data, while helpful in predicting the long-term position and future

behavior of the shoreline, lack a careful consideration of episodic erosion hazards

and do not specifically address the dynamic nature of much of Maui's coastline. It

is this dynamic shoreline behavior which often represents the most severe coastal

erosion hazard at many locations along Maui's coastline, and is not effectively

represented in long-term average erosion rate analyses.

The first objective of the current study, therefore, was to develop a

methodology to enable a quantification this dynamic shoreline behavior utilizing

existing shoreline variability data. This was accomplished by performing additional

analyses on the existing raw shoreline position data produced by the 1991 MOESEI

study noted above. The result of the analyses includes additional data sets that

supplement existing data and provides a more effective quantitative assessment

tool.

Shoreline setback regulations are the principal tool available to coastal zone

managers on Maui to minimize damage to coastal property, infrastructure, and

natural resources caused by the effects of these coastal hazards. Due in large part to

the relative scarcity of high-quality quantitative coastal erosion data, however,
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current shoreline setback regulations in Maui County do not incorporate coastal

erosion data.

Shoreline setback distances for coastal development in Hawaii are

essentially arbitrary—minimum distances are set by state statute, with additional

distances left to the various counties to establish. On Maui, the shoreline setback

distance is based upon the depth of a particular lot, rather than quantitative

information about the behavior of particular beaches and the relative severity of the

coastal erosion hazard. For this reason, Maui's current shoreline setback

regulations appear to even the most casual observer to have failed to protect coastal

development, public infrastructure, and beach resources from the hazards of coastal

erosion. This failure has been widely reported elsewhere (COEMAP, 2000; Beach

Management Plan for Maui, 1997; Fletcher and Lemmo, 1999; and others), but to

date has not been quantified.

An additional objective of this study, therefore, was to provide a

quantitative evaluation of the effectiveness of Maui County's current shoreline

setback regulations based upon available coastal erosion data, particularly those

collected in the first phase of this study, and to make a simple determination as to

whether revisions to current shoreline setback regulations may be warranted. This

assessment was accomplished by a simple comparison of historical shoreline trends

with existing regulations.

The final objective of this study was to utilize the results of this evaluation

to investigate areas in which current shoreline setback regulations in Maui County

might be improved, and develop a model shoreline setback ordinance that will

better protect coastal development and natural resources from coastal erosion

hazards.

Recent reports (BMPM, 1997; COEMAP, 2000) have recommended that

erosion hazards be evaluated and incorporated into the determination of shoreline

setback distances on Maui, but have not recommended ways in which this might be

accomplished, nor have they addressed the significant practical and legal

implications of doing so.
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Any changes to Maui's shoreline setback regulations that result in further

narrowing of the range of permitted uses of coastal property raise significant legal

issues. Central to the discussion are the principles of the public trust doctrine and

the provisions of the fifth amendment of the United States Constitution, which

prohibits governmental takings without just compensation. An overview of these

issues will be presented, including a discussion of several key features specific to

Hawaii's public trust doctrine and several unique characteristics of Hawaii's coastal

zone management regulatory framework that play key roles in the development of

new shoreline setback regulations.

The model shoreline setback ordinance presented in this report was

carefully drafted to incorporate these and other issues presented in this report. It is

designed to incorporate coastal erosion data to better protect coastal development,

public infrastructure, and natural resources; be simple to administer; be consistent

with the current purpose and scope of the public trust doctrine in Hawaii; and be

consistent with recent United States Supreme Court decisions that have shaped the

current definition of unconstitutional governmental takings.

8



B ACKGROUND

Three general categories of available data and background information are

central to this study and reviewed here. First, a general overview of the nature and

relative severity of various coastal erosion hazard threats along Maui's coastline is

presented. These threats include episodic wave events caused by tsunami,

hurricanes and other large periodic storms, and high seasonal wave events, in

addition to the ongoing threats to coastal property across the entire island from

chronic coastal erosion. Human activities have, in many cases, exacerbated erosion

problems. Case examples from different locations on the island are used to

illustrate the kinds of damage that can result from these hazards.

Next, a review of currently available coastal erosion data and previous

studies will be presented. As indicated in the Introduction, there are two principal

sources of coastal erosion data currently available to coastal zone managers in

Hawaii. The methodologies and conclusions of each study noted above will be

discussed in this chapter.

Finally, a description of the current coastal zone management regulatory

framework in Hawaii and the degree to which it incorporates coastal hazard data

will be discussed. Responsibilities for the regulation of Hawaii's coastal zone are

shared by state and county authorities. Broad policies and objectives are set by state

statute, while day-to-day permitting and decision-making responsibilities rest with

the several counties. This arrangement will be discussed in detail in this chapter.

COASTAL EROSION HAZARDS IN HAWAII

Episodic Erosion Hazards
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Episodic erosion hazards on Maui can be classified into three general

categories. These are seasonal high wave energy; hurricanes, tropical storms,

tropical depressions, and Kona storms; and tsunamis.

High seasonal wave energy

Every winter in the Hawaiian Islands, high wave events of 10 to 20 feet or

more affect the north shores of all islands during the winter months from October

through March. These waves are generated from large storms crossing the north

Pacific, and are the products of high wind speeds and long fetch distances. High

wave events of up to 10 feet or more are common during the summer months along

the south shores of all islands, generated by winter storms in the southern

hemisphere (Figures 1-3).

With a few exceptions, the island of Maui experiences lower breaking wave

heights during such events than some of the other islands, in part due to the

presence of offshore fringing reefs that dissipate wave energy off the northern and

western shores of the island, and in part due to the shadowing effect of the nearby

islands of Molokai, Lanai, and Kahoolawe. Breaking wave heights may still reach

10 feet or more along the highly developed resort areas of Lahaina and Kaanapali,

on Maui's northwest shoreline, however. Wave heights commonly reach 30 feet

over the fringing reefs offshore of Maui's north shore during winter months, and

wave heights often reach 10 feet during the summer months along Maui's southern

shorelines, home to the resort areas of Kihei, Wailea, and Makena. Waves resulting

from strong northeasterly trade winds often reach 8 feet along Maui's relatively

undeveloped eastern shoreline at all times of the year.

Records of high wave events on Maui date back to 1896. Two of the largest

wave events occurred on February 2-4, 1993, and January 23-31, 1998, when

waves reached heights of 30 and 40 feet, respectively (Figure 4).

Hurricanes, tropical storms, tropical depressions, and Kona stolims
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Hawaii's location in the central pacific results in a serious threat from these

storms. According to the Atlas of Natural Hazards in the Hawaiian Coastal Zone

(2000), nineteen storms were recorded between 1832 and 1949. An additional

seventeen large storms were recorded between 1950 and 1959. Due in part to

technological advances in the following decades, 34 storms were recorded in the

1960s, 34 in the 1970s, and 54 in the 1980s. Between 1970 and 1992, 106 tropical

cyclones were recorded, an average of 4.5 per year (Figures 4 and 5).

Not all storms actually intersect Hawaii, and direct strikes are quite rare.

Even the storms that miss the islands, however, can inflict severe coastal erosion

damage because of the high waves, low pressure, and wave set-up that accompanies

them. Unlike their mainland counterparts, hurricanes in Hawaii pose the greatest

threat because of the effects of wave set-up, rather than wind set-up (Fletcher et al.,

1994).

Many of the largest recorded wave events have been associated with large

tropical storms and hurricanes as they approach and pass the Hawaiian Islands.

Wave heights of 10-15 feet reached the north and east shores of Maui as hurricanes

Susan, Ignacio, and Estelle traveled through Hawaiian waters. Along the west

shore, waves heights of 6-10 feet were recorded as a result of the passing of

hurricane Emelia to the west in July 1994.

Finally, Kona storms, which have been described as Hawaii's version of

Nor'easters on the East Coast of the U.S., are large, slow-moving storms that can

generate waves of up to 6 feet along the southern shorelines of Maui during winter

months. Kona storms can be particularly damaging because of the extended

duration over which high waves are generated.

Tsunamis

Over 100 tsunamis have been observed in the Hawaiian Islands since the

first recorded tsunami in 1812. Only 16 have caused significant damage, but 26

since 1819 have had wave run-ups greater than 1 meter and caused at least some
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damage. On average, a damaging tsunami reaches the Hawaiian Islands every

seven years. Since the last damaging tsunami reached Hawaii in 1964, the

Hawaiian Islands are long overdue for a major tsunami (Fletcher et al., 2000).

On the island of Maui, tsunami run-up heights, inundation distances, and

reported damage have varied considerably across the island. In general, the greatest

run-up tends to occur at headlands, largely because the offshore bathymetry in

these areas tends to dissipate less of the energy of tsunami as they approach land.

Low-lying areas on Maui are more susceptible to greater inundation distances,

however (Figure 6).

Chronic Coastal Erosion Hazards

Previous studies of beach erosion in Hawaii have indicated that 62% of the

sandy shoreline on Maui is eroding at an average rate of 1.25 feet per year (Hwang

and Fletcher, 1992). As much as 30% of Maui's shoreline has experienced beach

loss or significant narrowing (MOESEI, 1991). It has been estimated that one third

of the original sandy beaches of Maui have been lost or narrowed over the last 50

years (Fletcher and Hwang, 1994). Long-term relative sea level rise on Maui is

about 2.5 cm per decade (somewhat greater than global sea level rise) due to its

proximity to the relatively geologically young Big Island of Hawaii, which is

flexing the underlying lithosphere, causing Maui to subside (Fletcher et al., 2000)

(Figure 7). The effects of chronic coastal erosion are more severe along certain

stretches of Maui's coastline, and are often amplified by human activities and

modification of the coastal environment.

Specific areas of the island of Maui that are subject to chronic coastal

erosion hazards include the following:

South Maui
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There is a general trend of erosion along the entire southern coastline of

Maui, which includes the highly developed resort areas of Kihei, Wailea, and

Makena. The average annual erosion rate observed over the entire region is

approximately 0.9 ft yr-1 (Rooney and Fletcher, 2000). Erosion rates vary, however,

along particular stretches of the coastline, with erosion rates ranging from

approximately 1.1 ft yr-1 near the southern end of the region to 0.5 ft yr -I at the

northern end. Coastal erosion is a problem common to the entire coastline, as

development has often occurred too close to the shoreline to accommodate natural

shoreline fluctuations, and shoreline hardening has resulted in sediment

impoundment and high rates of localized erosion.

North Maui

Maui's northern coastline has generally experienced relatively severe

coastal erosion since at least 1950 (MOESEI, 1991). Many of the areas

experiencing the most severe erosion are relatively free of coastal development,

however, so coastal erosion problems, albeit severe in many places, have been

confined to a few limited areas. Evidence of historical shoreline positions located

well offshore appears to indicate that severe erosion has been occurring here for far

longer than have western impacts to the coastline. Average annual erosion rate data

are not currently available for the region.

West Maui

Most of the development along the west Maui coastline is concentrated

within a 9-mile stretch from Kapalua to Lahaina. These areas include the heavily-

developed resort areas of Kaanapali, Honokowai, Kahana, and Napili. Moderate to

severe coastal erosion is a problem throughout the entire area (MOESEI, 1991).

The shoreline in the area has been armored along much of its length, and much of

the sandy beach areas have disappeared as a result. Annual coastal erosion averages
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approximately 0.6 feet yr' along the shoreline between Kapalua and Lahaina, with

much more severe erosion occurring in certain areas approaching 4 ft yr' (Rooney

and Fletcher, 2000).

PREVIOUS COASTAL EROSION RESEARCH IN HAWAII

There are currently two sources of coastal erosion data utilized by coastal

managers in Hawaii to assess coastal erosion rates, and are the sources of the

coastal erosion rate data noted above.

The first is a 1991 study funded by the Hawaii Coastal Zone Management

Program. Conducted by Makai Ocean Engineering and Sea Engineering, Inc., the

study analyzed aerial photographs of 27.3 miles of shoreline on the island of Maui

to determine historical changes in the shoreline position. Shoreline erosion rates

were measured by comparing four to five sets of aerial photographs of the same

section of beach from different years. Available sets of aerial photographs varied

according to various shoreline locations on Maui, but were generally available from

1949, 1950, 1961, 1963, 1964, 1975, 1987, and 1988.

The most recent set of aerial photos was used as the base photo for each

beach and each photo from this set was fit to an existing base map. Available base

maps included photo-contour maps, line topographic maps produced by surveyors,

and United States Geological Survey maps, and were selected for various shoreline

regions based upon availability. By utilizing geographic features visible in both the

aerial photos and base map, the resulting corrected photo is a geo-referenced image

of a particular stretch of shoreline.

After the base year photo was fit to the base map, each set of historical

aerial photos was fit to the corrected base photos using features visible in both the

historical photo being corrected and the geo-referenced base photo. Once all of the

historical photos were corrected, the vegetation line visible in each photo was

digitized and imported into a commercial AutoCAD software program, and digital
14



plots were then created indicating the position of each digitized historical shoreline

position.

Shore-normal transects or "regions" were selected at particular locations to

summarize the type of beach activity representative of a stretch of shoreline, and

historical changes in shoreline position were measured along each transect. This

process produced qualitative data regarding the overall behavior of certain stretches

of beach, but quantitative data regarding the behavior of the shoreline was limited

to the point of beach at which each transect was located and across which data were

calculated. Transect locations were generally selected according to a qualitative

evaluation of the historical behavior of particular stretches of shoreline and the

varying nature of coastal processes that may be responsible for various shoreline

position changes. Transect spacing thus varied considerably, ranging from less than

200 to several thousand feet apart, depending upon the relative homogeneity of the

underlying coastal process at work at particular shoreline locations, in the authors'

estimation. The vegetation line of the earliest year of available data (usually 1949

or 1950) was used as the reference datum, or zero position. Vegetation lines located

seaward of the earliest vegetation line indicate an accreting beach and vegetation

lines located landward of the earliest vegetation line indicate an eroding beach.

This study provides extensive coverage of virtually all of Maui's developed

shoreline, and is the only data source available for large parts of Maui's most

severely eroding shoreline. However, the nature of the analysis conducted in the

original study makes a detailed, comprehensive assessment of current shoreline

setback policy on Maui difficult using these data in their original form.

Among the products of the study were digitized shoreline position data

provided in the form of large-scale digital plots of the vegetation line position at

various years. These digital plots provided the basis for the data collected and used

in the current study for the purposes of assessing the effectiveness of existing

shoreline setback regulations. The utilization of these digitized shoreline position

data will be discussed in more detail below.
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Researchers at the University of Hawaii are currently conducting a second

major study to generate high-resolution coastal erosion data across the entire island

of Maui. The study methodology utilizes photomosaics as base imagery to measure

historical shoreline change and predict future long-term coastal erosion rates.

Preliminary data are available for the west Maui and south Maui shorelines, but are

currently unavailable for the north shore.

In this study, four general steps were followed to generate erosion hazard

maps. First, mosaics of aerial photos of the shoreline were created using sets of

aerial photographs taken in 1949, 1960, 1963, 1975, 1987, 1988, and 1997. Except

for the most recent, these were generally the same photos as those used in the 1991

study described above. The photos were scanned and ground control points (GCPs)

were selected on each photo from the most recent 1997 series. Differential global

positioning was used to precisely determine the position of each GCP identified in

the 1997 photo, and the scanned photographs were rectified to achieve a best fit

with the identified GCPs. The rectified photos were then mosaicked together using

the central third of each image, since the middle of a rectified image has better

position accuracy than the edges, resulting in a geo-referenced image of a

continuous stretch of coastline (Rooney and Fletcher, 2000).

Once photomosaics of the 1997 set of aerial photographs were completed

for every stretch of shoreline within the scope of the study, photomosaics of

historical shorelines were created. Historical photos were rectified by utilizing geo-

referenced points visible in both the 1997 aerial photographs and each of the

historical photos and fitting each historical photo to these points.

Next, the position of the shoreline was identified on each photomosaic and

digitized. The current study utilizes the beach toe, rather than the vegetation line, as

in the 1991 study described above, to indicate the shoreline position. Identifiable as

the change in slope at the transition between the near-shore and foreshore regions

of the beach, the beach toe is a natural feature marking the seaward edge of the

beach which is almost always present in Hawaiian beach systems (Rooney and

Fletcher, 2000).
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Finally, average annual erosion rates were calculated using the historical

positions of the beach toe as identified on each photomosaic. Historical shoreline

position data were also obtained from NOAA topographic survey charts, or T-

sheets, produced in 1912 for most shoreline regions. The T-sheet data were

digitized and brought to a common coordinate system with the photomosaics by

overlaying the surveyed shoreline positions with those on the 1997 photomosaics.

Since the T-sheet surveys originally identified the position of the mean high water

line, the position of the beach toe at the time of the survey was inferred by utilizing

a geometric model of the spatial relationship of the mean high water line to the

beach toe using data obtained from seasonal beach profile data available for the

various sites.

To calculate erosion rates, the digitized historical beach toe positions were

overlain on the 1997 photomosaic and historical positions of the beach toe relative

to the 1997 position were calculated along transects spaced every 20 m along the

shoreline. Using these data, an average rate of annual movement of the beach toe

was calculated for each transect, termed the Annual Erosion Hazard Rate, using a

linear regression analysis that produced a best-fit line through the data points

representing the various historical positions of the beach toe. The slope of this line

represents the average rate of beach toe position change.

This study will dramatically increase the resolution and availability of

coastal erosion data in Hawaii, and when complete, will make a very accurate

assessment of island-wide coastal erosion possible as data are being produced along

transects spaced every 20m. Unfortunately, however, the study is still ongoing and

data are not currently available for the entire north shore of the island. Additionally,

like the 1991 study described above, the principal focus of the study is on chronic,

long-term coastal erosion hazards, further limiting its utility for purposes of

performing a comprehensive assessment of current shoreline setback regulations.
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HAWAII COASTAL ZONE MANAGEMENT REGULATORY

FRAMEWORK

Hawaii's statewide coastal zone management program was enacted in 1977,

in response to the National Coastal Zone Management Act of 1972. Made into law

with the passage of Chapter 205A, Hawaii Revised Statutes, Hawaii's statewide

coastal zone management program includes several policies and objectives with

specific relevance to shoreline setback regulations on Maui. In general, broad

statewide coastal zone management policy is set by the Hawaii state legislature,

and the responsibility for implementation of these policies through the drafting of

ordinances rests with the several counties. The following is a discussion of each

level of relevant management authority.

Hawaii Statewide Coastal Zone Management Objectives and Policies

A specific objective of Hawaii's statewide coastal zone management

program is to "reduce hazards to life and property from coastal hazards such as

tsunami, storm waves, stream flooding, erosion, subsidence, and pollution."

Specific policies include encouraging development that is not coastal-dependent to

relocate inland; controlling development in areas subject to storm wave, tsunami,

flood, erosion, hurricane, wind, subsidence; and locating new structures inland

from the shoreline setback to conserve open space, minimize interference with

natural shoreline processes, and minimize loss of improvements due to erosion

Hawaii state CZM law also specifically addresses shoreline setbacks by

establishing minimum shoreline setback distances of 20 feet from the shoreline,

defined as the highest annual reach of the wash of the waves, and regulates the type

of construction-related activities that are permitted within the shoreline setback

area, defined as the area between the shoreline setback line and the shoreline.
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Structures are generally prohibited within the shoreline setback area,

although exceptions are made for structures which are necessary for existing

agriculture or aquaculture operations; repair, maintenance, and reconstruction of

publicly owned boating, maritime, or water sports recreational facilities that will

not result in interference with shoreline processes; and repair and maintenance of

structures which do not enlarge or intensify the use of a structure.

Certain "minor structures" are also permitted within the shoreline setback

area, provided that they do not affect beach processes, artificially fix the shoreline,

or interfere with public access or public views to and along the shoreline. A "minor

structure" is defined as a "man-made structure, which does not impede the natural

movement of the shoreline." Significantly, minor, single-storied service and

recreational buildings, paved patios, swimming pools, beach use facilities, and

paved walkways for public access are included as "minor structures."

State CZM policy also provides for variances to be granted through a public

hearing process to allow structures within the shoreline setback if the Planning

Commission in the applicable county finds that hardship (not including economic

hardship) will result to the applicant if the structure is not allowed within the

shoreline setback and that the proposed structure will neither adversely affect beach

processes nor artificially fix the shoreline.

County of Maui Shoreline Setback Regulations

Maui County's shoreline setback regulations generally mirror state policy,

with a few notable exceptions. Significantly, Hawaii state CZM law gives authority

to the several counties to set shoreline setback lines at distances greater than 20

feet. That is, the state legislature sets minimum shoreline setback distances, but the

counties may increase the shoreline setback distances if they see the need.

Interestingly, however, is that the counties have no authority to adopt stricter

regulations pertaining to the allowable construction activities within the shoreline
19



setback area than that established by the statute. To date, Maui County is the only

county in the state to adopt greater shoreline setback back distances than the

minimum established by the statute.

Shoreline setback distances in Maui County are currently established using

a formula based on the average depth of the lot on which construction is proposed

to occur. Lots with an average lot depth of 100 feet or less have a shoreline setback

of 25 feet; lots with an average lot depth of between 100 feet and 160 feet have a

shoreline setback of 40 feet; and lots with an average lot depth of greater than 160

feet have a shoreline setback of 150 feet or 25% of the average lot depth, whichever

is less. Shoreline setback distances thus vary from 25 feet to 150 feet, depending

upon the depth of the lot in question.

However, a significant element of the calculation is that if the buildable area

of the lot is reduced by more than 50% after applying the shoreline setback and all

other development restrictions, including front- and side-yard setbacks, the

shoreline setback is automatically reduced to 25 feet.

Structures are generally prohibited within the shoreline setback area,

although, in accordance with state policy, exceptions are made for structures which

are necessary for existing agriculture or aquaculture operations; repair,

maintenance, and reconstruction of publicly owned boating, maritime, or water

sports recreational facilities that will not result in interference with shoreline

processes; and repair and maintenance of structures which do not enlarge or

intensify the use of a structure.

As in the state statute, certain "minor structures" are also permitted within

the shoreline setback area, provided that they do not affect beach processes,

artificially fix the shoreline, or interfere with public access or public views to and

along the shoreline. A "minor structure" is defined as a "man-made structure that

does not impede the natural movement of the shoreline." Minor, single-storied

service and recreational buildings, paved patios, swimming pools, beach use

facilities, and paved walkways for public access are listed as "minor structures."
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However, regardless of the calculated shoreline setback distance, none of the above

minor structures are permitted within a 25-foot setback for lots less than 100 feet

deep or 40 feet for lots greater than 100 feet deep.

Prior to the enactment of the existing regulations, shoreline setbacks in

Maui County were set at 40 feet from the shoreline. Substandard lots had a

shoreline setback distance of 20 feet, and included those less than 100 feet deep,

less than a 1/2 acre in area and less than the underlying lot area zoning standards of

the parcel, and those reduced to a buildable area of less than 50 percent of the total

area of the lot. Structures were prohibited within the shoreline setback area, except

for seawalls necessary to protect the property. Minor amendments were made in

1979, but the basic provisions of the rules remained unchanged until the enactment

of the existing regulations in 1990.

21



METHODOLOGY

This study had three principle objectives. The first was to quantify the

dynamic nature of Maui's shoreline. Using these and other data, the next objective

was to assess the current shoreline setback regulatory framework in Maui County

and determine whether revisions to existing shoreline setback regulations may be

warranted. The final objective was to investigate potential areas of improvement in

Maui County's shoreline setback regulations consistent with the results of this

study, including developing a model shoreline setback ordinance for Maui County

that more effectively protects coastal development and natural resources from the

effects of coastal erosion hazards. Central to this process was an examination of the

relevant legal issues associated with enacting new regulations that further limit the

use of private property. The following were the methods used in each component of

this study.

I. SHORELINE VARIABILITY ANALYSIS

As indicated in preceding chapters, among the products of the 1991

MOESEI study were digitized shoreline position data provided in the form of large-

scale (1"=200') digital plots of the vegetation line position at various years.

Historical vegetation line positions located seaward of the earliest vegetation line

indicate an accreting beach and vegetation lines located landward of the earliest

vegetation line indicate an eroding beach.

Specific points were selected in the original study at particular locations

along the shoreline that were representative of the type of beach behavior and

shoreline processes representative of a particular stretch of shoreline. At each of

these points, the historical changes in vegetation line position were measured along

shore-normal transects and recorded. The spacing of these "typical" transects

selected in the study depended on the nature of the dominant shoreline processes
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present along particular shorelines and ranged from less than 200 to several

thousand feet apart.

To improve the resolution of these transect data, and to enable a

quantification of the historical position changes of the entire shoreline, additional

erosion and accretion data were collected along additional transects across the

entire study area of the 1991 study at regular 200-foot intervals.

As in the original study, very simple techniques were used, consisting of

first marking the location of each transect along the digitized line representing the

1988 position of the shoreline, which was, at the time, the most recent aerial photo

available. Shore-normal transects were then drawn across the across each of the

digitized lines representing each historical shoreline position on the digital plots

with a sharp pencil. At each of these transects, the change in position of each

historical shoreline relative to its position in the earliest available aerial photograph

(1949 or 1950) was then measured by hand with a common engineering scale.

Data were collected for a total of 603 transects, and the data were recorded

as positions relative to the earliest available photograph (1949 or 1959) for each

historical shoreline position. The result was 3 or 4 data points, depending upon

photograph availability, at regular 200-foot intervals along the shoreline at each of

the 603 transects measured. Each data point represented the shoreline position at

various points in time, relative to the 1949/1950 position, at each transect. This

relatively simple process of measuring relative erosion and accretion at transects

spaced every 200 feet along the shoreline comprised the bulk of the data collection

component of this study.

These raw data were then analyzed, and several additional data sets were

generated that were used for purposes of analyzing current shoreline setback

regulations. The data analysis consisted of first entering the raw shoreline position

data from each transect (relative to the 1949/1950 datum) into a spreadsheet. Next,

formulas were created to calculate the additional data sets.

Additional data sets generated included the changes in shoreline position

between each photo year at each transect; a calculation of the maximum measured
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erosion occurring at each transect between any two photos in the aerial

photographic record, referred to in this report as the "maximum periodic erosion;"

and a calculation of the maximum seaward and maximum landward positions of the

shoreline over the entire approximate 40 year photographic record upon which the

analyses were based. The distance between the maximum seaward and landward

positions of the shoreline is referred to in this report as the "dynamic range" of the

shoreline at that particular transect.

The dynamic range analysis was repeated to include only the transects that

experienced net erosion between 1949 and 1988 and between 1975 and 1998. This

procedure was performed to exclude transects with a large dynamic range due to a

highly accreting shoreline from the dynamic range analysis, since the inclusion of

data from accreting transects would not provide an accurate representation of the

severity of coastal erosion at any particular transect. The data produced by all of the

above analyses were organized according to the region of the island from which

they were collected, and were also summarized on an island-wide scale.

II. ASSESSMENT OF EXISTING SHORELINE SETBACK POLICY

These individual data sets were utilized in the second component of this

study, enabling a simple quantitative assessment to be performed of Maui's current

shoreline setback regulations. Preliminary results of the study currently underway

at the University of Hawaii were also used in the assessment, although, as noted

above, the study is incomplete and currently lacks data coverage for the entire

island.

In the first step of this process, the maximum periodic erosion and dynamic

range data collected in the first component of the study were compared to various

fixed distances. Distances were selected both for their applicability to current

shoreline setback policy as well as to potential future policy. Distances selected for

comparison ranged from 25 feet, Maui County's current minimum shoreline
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setback distance, to 150 feet, the current maximum shoreline setback. Additional

intermediate distances of 40, 60, and 100 feet were selected to provide additional

points of comparison to be used in later analyses.

The data generated in the first component of the study were entered into

spreadsheets and formulas were created to calculate the number of transects in each

region as well as island-wide that exceeded these distances. The percentage of the

total number of transects that these transects represented were also calculated. An

assessment was then performed of the effectiveness of existing shoreline setbacks

based upon the percentages of transects exceeding the various levels of erosion and

dynamic range between aerial photos.

III. RECOMMENDED POLICY ALTERNATIVES

The final objective of this study was to develop and assess alternatives to

existing shoreline setback policy. Alternatives were developed based upon the

results of the first components of the study, in addition to an analysis of relevant

legal and policy issues. This analysis was accomplished primarily by a literature

review of relevant case law, including several recent U.S. Supreme Court decisions,

as well as personal communication with attorneys specializing in these issues in

Hawaii. Shoreline setback strategies used by other coastal states were also

reviewed. Based on this review, a model shoreline setback ordinance was

developed for Maui County that represents the recommended alternative to existing

policy, based upon the issues presented in this report.
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RESULTS AND DISCUSSION

I. SHORELINE VARIABILITY ANALYSIS

The analysis of historical shoreline positions produced the following

categories of data:

1. Historical positions of the shoreline relative to the 1949/1950 position, with

negative values indicating erosion and positive values indicating accretion

at various point in time selected according to the availability of aerial

photographs (Figure 7);

2. Historical changes in the shoreline position between the various years for

which aerial photographs were available measured relative to the preceding

aerial photograph (Figure 8);

3. The highest observed landward movement of the shoreline between any two

years for which aerial photographs were available (Figure 9);

4. The "dynamic range" of shoreline migration over the entire record,

calculated as the difference between the maximum seaward and landward

positions of the shoreline relative to the 1949 position (Figure 9);

5. The total number of transects in each region where the highest observed

photo-to-photo landward shoreline migration and total dynamic range

exceeded various distances (the analysis was repeated to include only those

transects with net observed erosion over the entire record as well as for only

those transects with net observed erosion from 1975 to 1988) (Figures 10

and 11); and
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6. An island-wide summation of the rate at which all transects analyzed

exceeded various levels of maximum shoreline movement and dynamic

range (Figure 12).

With the exception of the island-wide summary data, the data were grouped

into regions of the island following MOESEI (1991). The results are as follows:

West Maui Transects (Lahaina to Napili)

Data were collected from a total of 165 transects in the west Maui region,

which included the coastline from the town of Lahaina at the southern end of the

region, to the Napili area at the northern end. Of these transects, 60 experienced

greater than 25 feet of erosion between any two years for which aerial photos were

available between 1949 and 1988, 17 exceeded 40 feet of erosion, and 3 exceeded

60 feet. No transects exceeded 100 feet of erosion. These transects represent

approximately 36, 10, and 2 percent of the total number of transects in the region,

respectively.

The dynamic range of shoreline position change measured at transects in the

west Maui region exceeded 25 feet at 104 of the transects analyzed, 40 feet at 56 of

the transects, 60 feet at 18 transects, and 100 feet at one transect. These transects

represent 63, 34, 11, and 0.6 percent of the total number of transects in the region,

respectively.

The dynamic range analysis was repeated to include only the transects with

net erosion between 1949 and 1988, and 1975 and 1988, in order to exclude

transects where the primary component of the dynamic range was due to a long-

term trend of net accretion. While useful in assessing the dynamic nature of the

shoreline at these locations, these transects do not represent a component of the

relative coastal erosion hazard and were therefore excluded from the analysis.

Of the 84 transects in the west Maui region with net erosion between 1949

and 1988, 60 exceeded 25 feet of dynamic range, 32 exceeded 40 feet, and 6
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exceeded 60 feet. No transects exceeded 100 feet of dynamic range. These transects

represent 36, 19, and 4 percent of the total number of transects in the region,

respectively.

Of the 61 transects with net erosion from 1975 to 1988, 42 exceeded 25 feet

of dynamic range, 25 exceeded 40 feet, 5 exceeded 60 feet, and 1 exceeded 100

feet. These transects represent 25, 15, 3, and 0.6 percent of the total number of

transects in the region, respectively.

South Maui Transects (Maalaea Harbor to Kalama Park)

Data were collected from a total of 187 transects along the south coastline

of Maui between Maalaea Harbor at the northern end of the region to Kalama

Beach Park at the southern end. Of these transects, 53 exceeded 25 feet of erosion

between any two photo years between 1950 and 1988, 16 exceeded 40 feet, and

eight exceeded 60 feet. No transects exceeded 100 feet of erosion between any two

photo years. These transects represented 28, 9, and 4 percent of the total number of

transects in the region, respectively.

The dynamic range of shoreline position change over the entire record

exceeded 25 feet at 124 transects, 40 feet at 56 transects, 60 feet at 33 transects,

100 feet at 9 transects, and 150 feet at 3 transects. These transects represent 66, 30,

17, 5, and 2 percent of the total number of transects in the region, respectively.

As in the west Maui region, the dynamic range analysis was repeated to

include only the transects that experienced net erosion between 1950 and 1988, and

1975 and 1988. Of the 118 transects in the region that experienced net erosion from

1950-1988, 84 exceeded 25 feet of dynamic range, 27 exceeded 40 feet, and 15

exceeded 60 feet. No transects exceeded 100 feet of dynamic range. These transects

represent 45, 14, and 7 percent of the total number of transects in the region,

respectively.

Of the 110 transects in the region that experienced net erosion between

1975 and 1988, 74 exceeded 25 feet of dynamic range, 29 exceeded 40 feet, 13
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exceeded 60 feet, and 3 exceeded 100 feet. No transects exceeded 150 feet of

dynamic range. These transects represent 39, 16, 7, and 2 percent of the total

number of transects in the region, respectively.

South Maui Transects (Kamaole to Makena)

Data were collected from a total of 101 transects along the southwest

coastline of Maui from Kamaole at the northern end of the region to Makena at the

southern end. Of these transects, 58 exceeded 25 feet of erosion between any two

photo years between 1949 and 1988, 37 exceeded 40 feet, 17 exceeded 60 feet, one

exceeded 100 feet, and one exceeded 150 feet of erosion. These transects

represented 57, 37, 17, and 1 percent of the total number of transects in the region,

respectively.

The dynamic range of shoreline position change over the entire record

exceeded 25 feet at 75 transects, 40 feet at 51 transects, 60 feet at 24 transects, 100

feet at 2 transects, and 150 feet at 1 transect. These transects represent 74, 51, 24, 2,

and 1 percent of the total number of transects in the region, respectively.

Of the 80 transects in the region that experienced net erosion from 1949-

1988, 62 exceeded 25 feet of dynamic range, 45 exceeded 40 feet, 22 exceeded 60

feet, 2 exceeded 100 feet, and 1 exceeded 150 feet of dynamic range. These

transects represent 61, 45, 22, 2, and 1 percent of the total number of transects in

the region, respectively.

Of the 71 transects in the region that experienced net erosion between 1975

and 1988, 56 exceeded 25 feet of dynamic range, 38 exceeded 40 feet, 17 exceeded

60 feet, and 1 exceeded 100 feet. No transects exceeded 150 feet of dynamic range.

These transects represent 55, 38, 17, and 1 percent of the total number of transects

in the region, respectively.

North Shore Transects (Kahului Harbor to Hamakua Poko Point)
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Data were collected from a total of 150 transects along the north shore of

Maui from Kahului Harbor at the western end of the region to Hamakua Poko Point

at the eastern end. Of these transects, 71 exceeded 25 feet of erosion between any

two photo years between 1950 and 1988, 46 exceeded 40 feet, 38 exceeded 60 feet,

13 exceeded 100 feet, and one exceeded 150 feet of erosion. These transects

represented 47, 31, 25, 9, and 1 percent of the total number of transects in the

region, respectively.

The dynamic range of shoreline position change over the entire record

exceeded 25 feet at 105 transects, 40 feet at 82 transects, 60 feet at 68 transects,

100 feet at 45 transects, and 150 feet at 23 transects. These transects represent 70,

55, 45, 30, and 15 percent of the total number of transects in the region,

respectively.

Of the 92 transects in the region that experienced net erosion from 1950-

1988, 73 exceeded 25 feet of dynamic range, 57 exceeded 40 feet, 49 exceeded 60

feet, 37 exceeded 100 feet, and 23 exceeded 150 feet of dynamic range. These

transects represent 49, 38, 33, 25, and 15 percent of the total number of transects in

the region, respectively.

Of the 98 transects in the region that experienced net erosion between 1975

and 1988, 74 exceeded 25 feet of dynamic range, 59 exceeded 40 feet, 49 exceeded

60 feet, 37 exceeded 100 feet, and 21 exceeded 150 feet of dynamic range. These

transects represent 49, 39, 33, 25, and 14 percent of the total number of transects in

the region, respectively.

Island-Wide Results

Data were collected for a total of 603 transects island-wide. Of these

transects, 242 exceeded 25 feet of erosion between any two photo years between

1949/1950 and 1988, 116 exceeded 40 feet, 66 exceeded 60 feet, 14 exceeded 100

feet, and 2 exceeded 150 feet of erosion. These transects represent 40, 19, 11, 2,

and 0.3 percent of the total number of transects, respectively.
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Of these same 603 island-wide transects, 408 exceeded 25 feet of dynamic

range, 245 exceeded 40 feet, 143 exceeded 60 feet, 57 exceeded 100 feet, and 27

exceeded 150 feet of dynamic range. These transects represent 68, 41, 24, 9, and 4

percent of the total number of transects, respectively.

As with the transects for the individual regions, the dynamic range analysis

was repeated to include only those transects that experienced net erosion from

1949/50 to 1988 and from 1975 to 1988. Of the 374 transects island-wide that

experienced net erosion from 1949/50 to 1988, 279 exceeded 25 feet of dynamic

range, 161 exceeded 40 feet, 91 exceeded 60 feet, 39 exceeded 100 feet, and 24

exceeded 150 feet of dynamic range. These transects represent 46, 27, 15, 6, and 4

percent of the total number of transects, respectively.

Of the 340 transects island-wide that experienced net erosion from 1975 to

1988, 246 exceeded 25 feet of dynamic range, 151 exceeded 40 feet, 84 exceeded

60 feet, 42 exceeded 100 feet, and 21 exceeded 150 feet of dynamic range. These

transects represent 41, 25, 14, 7, and 3 percent of the total number of transects,

respectively.

Historical shoreline position and projected future erosion rate data currently

being collected by Fletcher et. al at the University of Hawaii provide an additional

source of data for purposes of assessing the effectiveness of Maui's current

shoreline setback regulatory regime.

The preliminary west Maui data provide coverage from the Ukumehame/

Papalaua area at the southern end of the region, to the Hawea/Honolua area at the

northern end. The average annual erosion hazard rate for all the transects within

this region, as calculated using the methodology discussed earlier, is 0.6 ft yr -1 . The

South Maui data provide coverage from the Maalaea area at the northern end of the

region to Makena at the southern end. The average annual erosion hazard rate for

all the transects within this region is 0.9 ft yr-1.

These erosion rates represent the average rate of erosion across long

stretches of shoreline on Maui, however, and erosion rates within specific littoral

cells and at certain beaches may be significantly higher. In the west Maui area, for
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example, the average erosion rate for the Lahaina area is calculated as 1.27 ft yr-1,

double that calculated for the entire west Maui area. In the south Maui study area,

the average erosion rate for the Halama Street area was calculated as 2.0 ft yr-1

significantly greater than the .9 ft yr -1 average rate calculated for the entire region.

Within these narrower regions, certain transects have calculated erosion rates even

greater. Some transects have measured and calculated average erosion rates

approaching 4 ft yr-1 along certain stretches of highly eroding shorelines.

Discussion

As indicated by the transect data, there is some variation between island

regions in the percentage of transects that experienced moderate to high levels of

erosion between any two photo years. Very few west Maui transects—just 2

percent—for example, experienced erosion greater than 60 feet between any two

photographs in the record. A similar situation was observed among the south Maui

transects from Maalaea Harbor to Kalama Beach Park, where only 4 percent of

transects exceeded that much erosion between any two photos. Along these same

transects, just 28 percent exceeded 25 feet of erosion. Thirty-six percent of

transects in the west Maui region exceeded 25 feet of erosion between any two

photo years, compared with 28 percent of transects in the southwest Maui region

experiencing that level of erosion.

Quite a different scenario was observed among the north shore transects and

the south Maui transects from Kamaole to Makena. Along the north shore, for

example, 25 percent of transects exceeded 60 feet of erosion between any two

photo years between 1950 and 1988, and few (8 percent) exceeded 100 feet.

Seventeen percent of the transects along the south Maui shoreline from Kamaole to

Makena experienced periodic erosion of greater than 60 feet.

The differences in the extent of periodic erosion from one island region to

another may be due to several factors. While a detailed analysis of the specific

mechanisms responsible for these trends is beyond the scope of this study, the high
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levels of erosion along the north shore and south Maui shoreline from Kamaole to

Makena are likely due, in part, to the high exposure of these regions to large

seasonal swell and storm waves. The coastline from Kamaole to Makena lacks a

fringing reef, and so the shoreline is fully exposed to storm wave attack. The north

shore has an almost continuous-wide fringing reef, but the high wave energy of

large seasonal swell is not entirely dissipated, and large waves of up to 10 feet

frequently reach the beach during the winter months.

The west Maui and south Maui shoreline from Maalaea Harbor to Kalama

Park feature protective fringing reefs along most of their length, and wave energy

reaching the beach is effectively dissipated.

The island-wide analysis of all transects reflects these differences, with the

percentage of erosional transects falling somewhere between the levels experienced

in each region.

The dynamic range data analysis yields several noteworthy trends. Within

each shoreline region analyzed, the percentage of total transects exceeding various

levels of dynamic range decreased when the analysis was limited to only those

transects with net erosion over the entire record as well as between the more recent

photographs. These results were expected, as many stretches of shoreline in each

region have been steadily accreting, and a trend of net accretion at certain transects

would increase the range over which the shoreline is migrating. These transects

were excluded from the analysis for the reasons previously noted.

As in the periodic erosion analysis, there is variation between the various

shoreline regions, and these variations follow those observed in the erosion analysis

outlined above. The island-wide transect analysis reflects an average trend that falls

somewhere between figures calculated for various region extremes, as expected.

Any regulatory system of shoreline setbacks or other land use controls intended to

protect coastal development from the hazards implied by these figures is likely to

be implemented on an island-wide scale, however. The regional data, therefore, are

useful in discerning relative differences in shoreline behavior at a regional scale,
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but it is the island-wide data that are the most useful in any analysis of current

regulations or for use as a tool to develop new regulations.

II. ASSESSMENT OF EXISTING SHORELINE SETBACK POLICY

The island-wide periodic erosion and dynamic range data generated by this

study were compared with existing shoreline setback distances, enabling a simple

quantitative assessment of existing shoreline setback policies on Maui. As noted

above, Hawaii state coastal zone management policy establishes minimum

shoreline setbacks at 20 feet, and individual counties have the authority to increase

shoreline setbacks within that particular county. To date, Maui County has been the

only county to do so, however, and has a current minimum shoreline setback

requirement ranging from 25 to 150 feet, depending on lot depth and buildable area

of the lot. Shoreline lots in Maui County are only eligible for a 25-foot setback if

they are less than 100 feet deep, or if, after applying all setbacks and other

government-imposed development limitations, the buildable area of a lot is reduced

to less than 50% of the total area of the lot. Few lots exist on the island of Maui that

are less than 100 feet deep, but lots with a 25-foot shoreline setback due to the

latter provision are common.

The results of the transect analyses indicate that the effectiveness of this

system of shoreline setbacks in Maui County in protecting coastal property from

erosion has been mixed. Because shoreline setbacks are currently based on the

average depth of a lot, large lots with shoreline setbacks of greater than 100 feet are

consequently likely to be well-protected. In the approximate 50-year record upon

which the analysis is based, just 2 percent of transects exceeded that much erosion

between any two photo years. Of the transects experiencing net erosion from

1949/1950 to 1988 and 1975 to 1988, the transects exceeding 100 feet of dynamic

range represented 6 and 7 percent of the total number of transects, respectively.

The data indicate that smaller lots, however, have not fared as well. Lots

with a shoreline setback of 25 feet are common on Maui, and periodic erosion has
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exceeded this distance in 46 percent of the transects analyzed. Periodic erosion has

exceeded 40 feet in 27 percent of the transects analyzed and 60 feet in 15 percent of

the transects. The figures are similar in the dynamic range analyses, indicating

similar failures among smaller lots and greater success in larger lots.

The data currently available from the study currently underway by Fletcher

et al. indicate that the average annual erosion hazard rate for all the transects within

the west Maui region is 0.6 ft yr-1 . The average annual erosion hazard rate for all

the transects within the south Maui region is 0.9 ft yr-1.

Unfortunately, statistics such as those produced in the current study on the

percentage of transects exceeding certain levels of average erosion are not available

for these data, as this was not a focus of this particular study. However, for

purposes of formulating a general assessment of Maui's island-wide setback

regulations, the averages are used here for comparison.

These average erosion rates, when applied over the approximate 40-year

time period upon which the periodic erosion and dynamic range analyses described

above are based, result in an average of 24 and 36 feet of total erosion for the west

Maui and southwest Maui regions, respectively, between 1949 and 1988.

As in the case of the periodic erosion and dynamic range date described

above, these coastal erosion rate data indicate that current shoreline setbacks have

generally not protected smaller lots with a shallower shoreline setback under the

current formula used to calculate shoreline setback distances.

The result is that, in general, many hotels and other significant coastal

development projects on large lots have been relatively well-protected from serious

damage from coastal erosion. Residential development, which typically occupies

smaller lots and thus has a shallower shoreline setback requirement, has, in many

cases, been severely affected by coastal erosion hazards. While the financial impact

of damage to residential development may be much less severe for residences than

for large hotels and commercial developments, this fact is not likely to make

individual homeowners feel any better about the proximity of their houses to

severely eroding shorelines.
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Discussion

These data clearly indicate that Maui's system of shoreline setbacks has, in

large part, failed to protect coastal property, especially shallow lots, from the

hazards of coastal erosion. Perhaps more significantly but less obvious, however, is

the fact that these data also indicate that current shoreline setback regulations in

Maui County have also often failed to protect coastal natural resources from the

effects of coastal erosion hazards.

Hawaii state coastal zone management policy recognizes that where

development is allowed in areas subject to coastal erosion hazards, private property

owners will consider protecting their investments with seawalls, revetments, and

other shoreline protection measures that may have adverse impacts on the

shoreline. As coastal lands are lost to erosion it is a natural reaction for

shoreowners to protect them, and shoreline hardening is often the first option

considered to stop coastal land loss (OEQC, 1998; COEMAP, 2000).

Shore protection structures can have adverse impacts to the beach fronting

the structure as well as adjacent structures. These effects have been documented by

both laboratory and field studies (Komar, 1998). Along shorelines undergoing

long-term erosion, shoreline hardening structures eventually lead to beach

narrowing and beach loss, Pilkey and Wright (1988) have described the processes

of passive erosion and active erosion resulting from the presence of shore

protection structures. Passive erosion is a process by which an eroding shoreline is

prevented from further retreat because of some sort of coastal armoring, eventually

leading to the disappearance of the beach. This process has also been reported

elsewhere (Tait and Griggs, 1990; Kraus, 1988; Komar, 1998; and others). Active

erosion results from the direct interaction of the structure with local coastal

processes, as shoreline hardening may exacerbate the coastal erosion through the

process of sediment impoundment and interference with littoral processes and the
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local sediment budget (Komar and McDougal, 1988; Kraus, 1988; Tait and Griggs,

1990; Fletcher et al., 1997; Pope, 1997; and others).

Revisions to Maui County's shoreline setback regulations thus appear

necessary to prevent these potential impacts, and there are several areas in which

they might be improved and several factors to consider in the formulation of new

regulatory mechanisms. These issues are discussed next.

III. Recommended Policy Alternatives

Several alternatives to Maui County's existing shoreline setback regulations

were examined in the context of the data generated by this study as well as the

various legal issues that must be considered before doing so, and the result of this

examination included the emergence of three potential ways in which current

shoreline setback policies on Maui may be improved.

One approach might involve a simple increase in the current minimum

shoreline setback distances on Maui to protect a greater percentage of shoreline

properties based upon the periodic erosion, dynamic range, and shoreline position

data produced by this study. The minimum shoreline setback could be increased,

for example, from 25 to 100 feet. According to the current study, just 2 percent of

transects exceed that much erosion between any two photo years, and just 6 percent

of the transects with net erosion between 1949 and 1988 exceed that level of

dynamic range. Setting the minimum shoreline setback distance at 60 feet will be

less effective, since the data indicate that over 15 percent of transects analyzed

experienced greater that 60 feet of erosion at some point between 1949 and 1988.

Retaining the current regulatory system of fixed shoreline setbacks would have the

advantage of being simple to administer, and would be consistent with similar

policies implemented by other coastal states.

A disadvantage of this approach is that it would not address the varying

degrees of coastal erosion hazards that are present at particular lots. An increase in

the minimum shoreline setback distance may have an average effect over the entire
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island, which can be quantified using the data collected by this study, but will be

ineffective at lots with high rates of erosion and be overprotective at lots with little

erosion or along accreting shorelines.

Another option would be to base shoreline setback distances on the most

landward position of shoreline over the approximate 40-year period for which

aerial photographs are available. The shoreline setback could be established, for

example, at 25 feet from the most landward position of the shoreline in this recent

history. This approach has the advantage of taking episodic coastal erosion hazards

into account, and has the additional advantage of being based upon the relative

severity of coastal erosion hazards at particular lots, but may fail to protect coastal

development and natural resources from the effects of chronic, long-term coastal

erosion in areas with steady shoreline retreat.

Another approach might be to incorporate a system of "floating" setbacks,

calculated using coastal erosion data specific to a particular lot. The advantage of a

floating setback is that it addresses the long-term coastal erosion hazard present at

the specific lot in question. A regulatory scheme of this nature might involve

multiplying the average long-term erosion rate by a certain planning period of 30 or

more years, resulting in setback distances that vary according to the coastal erosion

occurring at the lot.

As discussed previously, however, setback regulations based solely on long-

term average erosion rates may be ineffective in protecting properties from coastal

erosion hazards that are primarily episodic in nature. As indicated by the data

generated by this study, many stretches of shoreline on Maui have experienced

levels of periodic erosion and dynamic range that exceed the calculated erosion

distance based upon average annual erosion rates when applied over the expected

lifetime of a structure.

Therefore, a final option might involve some combination of these policy

approaches, such as basing shoreline setbacks on the long-term erosion rate at a

particular lot, but measuring the distance from the most landward position of the

shoreline in the aerial photograph record.
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Discussion

In each of these scenarios, there are significant legal issues that must be

considered. Primary legal issues to consider in the contemplation of new

governmental development controls on coastal development are the constitutional

prohibition of governmental takings of private property without just compensation

and principles of the public trust doctrine.

The Takings Issue

The fifth amendment of the United States Constitution states that private

property cannot be taken "without due process of law; nor shall private property be

taken for public use, without just compensation." Article 1, section 20 of the

Hawaii State Constitution further provides that "private property shall not be taken

or damaged for public use without just compensation."

A "taking" can occur in many different forms, but can be generally divided

into two general categories. Physical invasions occur when the government actually

occupies a piece of private property and claims it for its own use, such as for public

easement purposes. Regulatory takings occur when governmental regulations

sufficiently curtail the range of uses permitted on private property to deny

"substantially all economic use" of the property. Several recent United States

Supreme Court cases have shaped our current understanding of the constitutional

prohibition of takings without just compensation, particularly as it applies to

coastal zone management in general and shoreline setback regulations in particular.

Lucas v. South Carolina Coastal Council

One of the most important cases is the Lucas v. South Carolina Coastal

Council case that evolved in the late 1980s and early 1990s. In 1986, David Lucas

purchased two coastal properties on the Isle of Palms in South Carolina. The
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seaward boundary of the lots were located about 300 feet from the beach at the time

of purchase, but in the decades prior to purchase, the shoreline in the area had been

at times much farther seaward due to the dynamic nature of the shoreline in the

area.

In 1988, the South Carolina legislature enacted the Beachfront Management

Act, which prohibited construction seaward of a shoreline setback line based upon

the coastal erosion rate of the shoreline fronting the properties and the position of

the primary coastal dune. Because the lots were located seaward of this newly

established line, Lucas was prohibited from constructing anything on his lots, and

Lucas sued for compensation under the fifth amendment.

The trial court initially found in favor of Lucas, deciding that the

Beachfront Management Act unfairly deprived him of any reasonable economic use

of his property. The South Carolina Coastal Council appealed to the South Carolina

Supreme Court, but by this time, the South Carolina legislature repealed the strict

prohibition of development seaward of the shoreline setback line with a "rolling

easement" provision that prevented the construction of shoreline hardening

structures, and Lucas could therefore develop his properties. As a result, the South

Carolina Supreme Court reversed the trial court's decision and found that the

development prohibition was intended to prevent harm to the public and was

therefore not an unconstitutional taking.

Lucas appealed to the United State Supreme Court, and the Court reversed

the South Carolina court's decision, finding that the "nuisance" claim of preventing

public harm did not apply when all beneficial use of a property is taken away,

unless the state had a pre-existing right to protect against the sort of nuisances in

question. The case was remanded back to the South Carolina court to determine

whether such authority existed, and the court, in deciding not to conduct an

analysis, found that no such authority existed, and sent the case back to trial to

determine the damages the state would be required to pay.

This case clearly indicates that shoreline setback regulations that prevent the

use of private property will require compensation in certain situations, even if the
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regulations are designed to protect against a public harm or nuisance. The specific

circumstances in which this is the case, however, is complicated, and additional

cases provide further insight.

However, the court also found several factors that are significant in

assessing a particular state's vulnerability to successful takings claims, according to

Titus (1998). First, if the regulation in question merely reaffirms an existing

common law state duty or power to limit construction, it is not a taking. Second,

even if existing common law does not limit construction, but "common law

principles" would have prevented construction on the land, then it is not a taking,

either. Third, if statutes or regulations have been in effect long enough to become

part of the "investment-backed expectations" of the landowner, then they do not

constitute a takings, either.

Nollan v. California Coastal Commission

Another important case is the 1987 Nollan v. California Coastal

Commission case, which helped shape the extent to which government can acquire

land through physical invasion without requiring compensation. In the Nollan case,

the California Coastal Commission required the Nollans to grant a public access

easement across their private property to the state as a condition of approval to

construct a residence. The Commission argued that the public access easement was

required to mitigate the adverse impact on "visual" access that would result from

the home's construction. The Court found that a necessary "nexus" did not exist

between the condition of development and the impact it was designed to mitigate,

and sided with the Nollans. The Court did not, however, set a standard that would

determine the extent to which a nexus is necessary to be applied in future cases.

That standard was established in the 1994 Dolan v. City of Tigard case.

Dolan v. City of Tigard
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In this case, a condition of approval for the development of a piece of

private property located adjacent to a flood plain and planned bike path route

required a property owner to dedicate land to the city that fell within the limits of

the flood plain and the planned bike path. Dolan appealed to the US Supreme

Court, and the Court found that each requirement was a taking. In the case of the

flood plain dedication requirement, the Court found that the city could have

achieved the same goal by merely denying the development permit, and therefore

could not "take" the land for its own purpose without paying compensation. In the

case of the bike path requirement, the Court established a "rough proportionality"

test, which put the burden on the government to show that requirement for land or

easement dedication has a "rough proportionality" to the adverse impact to be

created by the development. The Court thus expanded the nexus requirement

established by the Nolan case, finding that the requirement not only had to have a

mere nexus to the impact, but had to be roughly proportional to it.

Palazollo v. Rhode Island

The recent 2001 Palazollo v. Rhode Island case is another case with

significant implications regarding the enactment of new shoreline setback

regulations. In 1978, Anthony Palazollo purchased a large piece of coastal property

in Rhode Island, 18 acres of which were designated wetlands. In 1983 and 1986,

Palazollo applied for permits to dredge and fill the wetland areas of his property,

which were denied by the state agency responsible for the regulation of wetlands in

the state. Palazollo filed an appeal with the trial court, which was denied, as was an

appeal to the Rhode Island Supreme Court. In both appeals, Palazollo had claimed

a taking of his private property. Palazollo then appealed to the U.S. Supreme Court.

The U.S. Supreme Court ruled in favor of Palazzolo on two of three issues

and remanded the case back to the Rhode Island Supreme Court. In so finding, the

Court addressed three key issues regarding governmental regulation of private

42



property that have significant implications for the future of coastal zone

management regulations.

First, the Court found that an applicant may bring a takings claim as soon as

there is "reasonable certainty" that an application for development is going to be

denied by the responsible governmental agency, rather than having to submit

incrementally less intensive development proposals until all options are exhausted.

Second, the Court found that someone who purchases property after

governmental restrictions on the use of private land have been enacted still has the

right to challenge the constitutionality of those regulations. In other words, a land-

use regulation can still be a taking, even if the land owner knows about the

regulation prior to purchase of the property, and the landowner has a right to pursue

the issue in court. The decision does not, however, address the issue of whether

such claims will be successful, just that they will be ripe for consideration. This

finding is significant, as it implies that in the case of a new proposed regulation,

there will be no distinction made between developed and undeveloped lots in terms

of the application of existing tests to determine when a taking has occurred.

Finally, the Court addressed the issue of whether a governmental regulation

is a taking only if it deprives a landowner of "substantially all" economic value.

The Court decided against Palazollo on this issue, finding that because Palazollo

could still build a house on a small upland portion of his lot, the property retained a

certain value, and the prohibition on wetland dredging and filling did not constitute

a per se taking of private property. The Court remanded the case back to the Rhode

Island Supreme Court to apply the "balancing test" resulting from the Penn Central

case discussed below, which involves an analysis of the economic impact of the

regulation, the extent to which it interferes with investment-backed expectations,

and the character of the government action.

Penn Central Transportation Company v. City of New York
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In this case, the U.S. Supreme Court found that takings cases involve

"essentially ad hoc, factual inquiries," and that an analysis of several factors needs

to be performed on a case-by-case basis to determine whether a government

regulation has resulted in a taking. According the Court in this decision, among the

factors to be considered are the owners reasonable investment-backed expectations,

the economic impact of the state action, and its character.

Takings Implications for Hawaii

As indicated above, a specific objective of Hawaii's statewide coastal zone

management program is to "reduce hazard to life and property from coastal hazards

such as tsunami, storm waves, stream flooding, erosion, subsidence, and pollution."

Specific policies include encouraging developments that are not coastal-dependent

to relocate inland; controlling development in areas subject to storm wave, tsunami,

flood, erosion, hurricane, wind, subsidence; and locating new structures inland

from the shoreline setback to conserve open space, minimize interference with

natural shoreline processes, and minimize loss of improvements due to erosion.

The existence of these specific state policies is significant, as they affect the

likelihood of a successful takings claim being brought against the county as a result

of the Nollan case, where the U.S. Supreme Court found that a proposed regulation

did not serve to further a legitimate state interest, thus failing the "nexus" test.

Similarly, the existence of such policies may preclude successful takings claims

based on the Lucas case, which made clear that if a regulation in question merely

reaffirms an existing common law state duty or power to limit construction, it is not

a taking.

According to Hwang (1991), states can avoid the nexus issue by carefully

drafting coastal zone management regulations to specifically address certain issues

to support the argument that the regulation in question is designed to protect a

certain set of stated state objectives. In the case of shoreline setback regulations in
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Hawaii, an argument may be made that the inclusion of specific references to

coastal erosion hazard avoidance in the state coastal zone management statute may

meet this requirement.

The Public Trust Doctrine

Certain principles of the public trust doctrine in Hawaii may serve to further

limit the likelihood of successful takings claims being brought against Maui County

as a result of further restrictions on coastal development through the enactment of

new shoreline setback regulations.

The public trust doctrine grants title of all tidal and navigable freshwaters,

the lands beneath these waters, and all of the living resources within these waters to

the state in which the lands are located. The title is held in trust by the state for the

benefit of the public, and establishes the right of the public to utilize these waters,

lands, and resources for a variety of public uses (Slade et al., 1990).

Traditionally, these protected public uses have been limited to navigation,

commerce, and hunting and fishing, but the range of public uses afforded by the

public trust doctrine has been more recently expanded by state courts and the U.S.

Supreme Court. Examples include recreation and scenic viewing.

The landward boundary of the public trust resources and the range of public

uses afforded protection by the public trust doctrine necessarily varies from state to

state, as each individual state, not the federal government, is trustee of the public

trust resources located within its boundaries. Each state has title to all tidal waters,

whether navigable or not, from the high tide line three miles out to sea; all

navigable freshwaters; and all land beneath these waters.

The state of Hawaii is one of a few states that have extended the public trust

boundary to include the dry beach, and defines the landward boundary of its public

trust resources as the highest normal reach of the wash of the waves in any given

year, excluding storm waves. Hawaii is also one of many states that has extended

the range of protected public trust uses to include recreation (only Maine and
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Massachusetts do not), and is one of a few states to codify the principles of the

public trust doctrine—it is part of the Hawaii State Constitution.

History of the Public Trust Doctrine

Roman law and English common law are the two "building blocks" of the

public trust doctrine, and it is one of the oldest, most deeply rooted concepts in the

entire body of law (Paul, 2001).

According to Roman law, property ownership varied depending upon its

nature. Some property belonged to the gods, some property belonged to the state,

some property belonged to individuals, and some property was considered

"common" property. Common property was set aside for common use by the entire

population, and it could not be "owned" by anyone. Under Roman Law, the sea, the

shoreline, harbors, and navigable waterways were all considered to be common

property (Paul, 2001).

English common law was created out of judicial decisions. According to

English common law, navigable rivers, the ocean, and the shoreline were held by

the King for the benefit of all the King's subjects. These resources were "owned"

by the King, but they were not for his use. Instead, he held them in "trust" for the

benefit of all citizens. This is the origin of the "trust" concept in the public trust

doctrine (Paul, 2001).

The Public Trust Doctrine in Hawaii

States hold public trust lands in trust "for the enjoyment of certain public

rights," and states may regulate the ways in which these rights are protected. The

extent to which states may regulate private activities to protect these rights is

directly related to the range of public interests the particular regulation is designed

to protect (Archer et al., 1994).
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In August 2000, a landmark Hawaii Supreme Court case clarified the way

in which principles of the public trust doctrine must be applied in the management

of Hawaii's public trust resources.

The Waiahole Ditch system on the island of Oahu was originally built by

the Oahu Sugar Company between 1913-1916 to transport water from the

watersheds of Oahu's windward coast to the relatively dry leeward plain for sugar

irrigation. As a result of the Waiahole ditch construction, stream flows in the

watersheds of Oahu's windward coast have been substantially diminished, affecting

the watershed and coastal ecosystem and the fisheries that depend on them.

In 1992, the state Water Commission enacted a system by which any users

of the Waiahole ditch water were required to apply for a permit, and requests for

water totaled far more water than what was available. After extensive hearings in

1995 and 1996, the Water Commission allocated over half of the available water to

agricultural and non-agricultural uses such as golf courses and new housing

projects, and a little less than 25 percent for release into windward streams.

Several parties appealed the allocation decision to the Hawaii Supreme

Court, arguing that too much water was being taken away from in-stream flows.

Specifically, the appellants focused on the argument that the public trust doctrine

was misunderstood and misapplied by the State Water Commission.

The Hawaii Supreme Court reversed the Water Commission's decision,

remanding the case back to the commission for further review. While not setting a

specific standard, the Court suggested that far more water should be retained for in-

stream uses, and sharply criticized the Commission in its application of its duty to

protect public trust resources. The Court strongly endorsed the principles of the

public trust doctrine, and specifically described the scope of the public trust

resources, its substance, its purpose, the powers and duties of the state of Hawaii as

trustee, and the fundamental principles that should guide government agencies in

Hawaii in the future in the management and preservation of public trust resources.

In its decision, the Court cited the Hawaii State Constitution, which

provides that:

47



For the benefit of present and future generations, the State and its

political subdivisions shall conserve and protect... all natural

resources...and shall promote the development and utilization of these

resources in a manner consistent with their preservation...All public natural

resources are held in trust by the State for the benefit of the people.

These specific provisions in the Hawaii state constitution, the Court found,

clearly illustrate an intent to incorporate the notion of the public trust into the

Hawaii state constitution, and clearly indicates that the "people of this state have

elevated the public trust doctrine to the level of constitutional mandate." In so

finding, the court concluded that the public trust doctrine is a fundamental principal

of constitutional law in Hawaii.

The Hawaii supreme court also clarified the scope and purposes of the

public trust in Hawaii. The court acknowledged that in other states, protected

public trust resources have traditionally included navigation, commerce, and

fishing, as well as a wide range of recreational uses, including swimming, boating,

and scenic viewing.

In addition to these protected public uses, the Court concluded that in the

state of Hawaii, the "preservation of...lands in their natural state" is an important

public use, finding that "...resource protection, with its numerous derivative public

uses, benefits, and values [is] an important underlying purpose of the trust."

The Court also clarified the powers and duties of the state under the public

trust doctrine, finding that "in this jurisdiction, the state has a...duty to ensure the

continued availability and existence of [public trust resources] for present and

future generations."

The Court further found that:

Under the public trust, the state has both the authority and duty to

preserve the rights of present and future generations in the waters of the
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state. The continuing authority of the state over its [public trust resources]

precludes any grant or assertion of vested rights to use [the resources] to the

detriment of public trust purposes. This authority empowers the state to

revisit prior [resource management decisions], even those made with due

consideration of their effect on the public trust.

In so finding, the court seems to imply that even previously vested private

rights or property interests, including, perhaps, the "investment-backed

expectations" central to takings considerations, does not preclude the state from

exercising its rights under the public trust doctrine to protect public trust resources.

The Court decision, however, did not differentiate land specifically as it

applies to the public trust doctrine. It dealt primarily with the general concept of

public trust rights. The private property rights which accompany land ownership by

private individuals which may be subject to public trust issues carries its own set of

constitutional issues, such as outlined above (Kupchak and Dumlao, 2001).

Takings vs. The Public Trust Doctrine—Implications for Maui's
Shoreline Setback Regulations

The ability of every state to regulate activities within its borders in order to

protect the health, safety, and welfare of its residents stems from its "police power"

as a sovereign entity. The police power as a basis for state regulatory authority is

important and valuable, and will not, generally, result in successful takings claims

if the regulation is clearly required to further legitimate state objective. However,

the use of a state's police power often is in conflict with the constitutional

protection from governmental takings of private property without compensation, as

the takings cases noted above illustrate (Archer et al., 1994).

According to Archer et al. (1994) state regulations intended to implement

the principles of the public trust doctrine are less vulnerable to an unconstitutional

takings claim. This is because a state, in regulating activities that may have an
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adverse impact upon the public trust resource, is merely exercising its own rights

and obligations as trustee over public trust land to restrict or prohibit private

activities that may have an adverse impact upon the public trust resource.

A state's authority to regulate under the mandate of the public trust doctrine

is based upon the state's power over state land as a landowner (Slade et al., 1990).

Essentially, the state is not regulating privately owned property, but rather is

managing the public trust resources it is mandated to protect by the public trust

doctrine as a private property owner managing its own property. According to

Slade et al. (1990), successful takings claims in the past have almost exclusively

been the result of government attempts to "regulate the use of someone else's

property. By invoking the principles of the public trust doctrine, a state is managing

its own property.

Because of this distinction, successful takings claims by private property

owners are much less likely to succeed. This is only true, however, if the regulatory

action taken by the state falls within the purpose and scope of the public trust

doctrine established within a particular state. Any regulation enacted by a state that

is restricts the range of permissible uses of private property beyond that established

by the public trust doctrine in that particular state is likely to be a taking, and will

require state compensation (Sax, 2001). As noted earlier, the public trust doctrine is

very broad in the state of Hawaii.

According to Archer et al. (1994), an important component of the Lucas

case is the reaffirmation of the principle that takings claims will be measured

according to relevant state law. The susceptibility of governmental regulations to

takings claims, therefore, varies from state to state. In the Lucas case, the Court

made it clear that a taking has not occurred if a regulation denies private property

rights that did not exist in the first place, the scope of which, it found, is established

by the individual states.

Coastal property inland of the landward boundary of the public trust lands is

not explicitly included among the resources afforded protection under the public

trust doctrine, and this is the specific area to which shoreline setback regulations
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apply. However, according to Hwang (1991) the public trust doctrine can be

expanded to include these lands if activities occurring on the upland areas can be

shown to carry the potential of adverse impacts on the public trust resources

immediately seaward. This may be especially true when an action involves the

placement of large, fixed structures in close proximity to an eroding shoreline that

is likely to require some sort of shore protection measures in its lifetime which may

interfere with public trust resources (Hwang, 1991). According to Hwang (1991),

because of the interconnected nature of the beach-dune system and the impact of

upland activities on the protected shoreline area, the courts are likely to view

shoreline setback regulations as necessary measures by states to protect their

interest in public trust lands.

Such structures may affect such traditional public trust uses such as fishing

due to increased water turbidity, as well as uses more recently included among

protected public trust uses, such as sunbathing and other forms of recreation. To the

contrary, as Hwang (1991) points out, if a state permits construction within an area

subject to coastal erosion that leads to a predictable chain of events that eventually

leads to the disappearance of a beach along with the public's ability to use the

public trust lands, such action appears to be a clear violation of a state's public trust

obligations as trustee of the resource.

As such, it appears that Maui County has an obligation to determine coastal

erosion rates and assess the erosion hazard present along its shorelines, and to

incorporate these data into its coastal zone management efforts. If a state approves

development under the assumption of shoreline stability, or fails to incorporate

available coastal erosion data into its coastal zone management regulatory regime, a

clear violation of public trust duties is likely to have occurred (Hwang, 1991).

Additional states have recommended similar approaches. New York

establishes a shoreline setback of 25 feet for areas with less than 1 foot per year of

erosion, and adds to that 40-year shoreline setback in areas with higher rates of

erosion. Rhode Island uses a 50-foot shoreline setback in areas experiencing less

than 1 foot per year of erosion, and a 30-year setback in areas of higher erosion.
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New Jersey utilizes a 50-year shoreline setback (COEMAP, 2000). North Carolina

and South Carolina each have rather complex shoreline setback regulations based

upon a combination of erosion rates, dune morphology, and coastal processes

factors (FEMA, 2000).

A 1998 report prepared for the Oregon Department of Land Conservation

and Development, for example, provided a Chronic Coastal Hazards Overlay Zone

model ordinance, the purpose of which was to identify a methodology to regulate

development in hazardous coastal areas on the Oregon Coast. The principal

purposes of the model ordinance were to identify potentially hazardous coastal

areas, assess the risks associated with these hazards, and to reduce these risks by

siting development to avoid these hazards.

The ordinance requires that all coastal development proposed to be located

within certain designated coastal hazard areas be subject to a coastal hazard permit,

the requirements for which include a coastal hazard assessment. The coastal hazard

assessment is required to identify all the factors that potentially affect the stability

of the shoreline at a particular location, the areas of moderate and high risk

according to certain prescribed standards, a description of the proposed

development, and potential adverse impacts to adjacent development and measures

to minimize such impacts.

The ordinance essentially amounts to a system of floating shoreline

setbacks that vary according to the relative severity of various coastal hazards along

the shoreline. In the area between these setback lines and the shoreline, various

development restrictions and standards apply. Two setback distances are provided,

one based on a 50-year planning lifetime, and another based on a 100-year planning

lifetime. The areas bounded by the shoreline and these two lines are referred to in

the ordinance as the high and moderate risk zones, respectively.

The 50-year shoreline setback distance (high risk zone) is defined as the

sum of three factors: (1) the horizontal extent of erosion predicted to occur as a

result of a 50-year storm event, multiplied by a factor of 1.5, (2) the landward

shoreline migration predicted to occur as a result of long-term coastal erosion,
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multiplied by a planning lifetime of 50 years, and (3) the landward shoreline

migration predicted to occur as a result of the long-term rate of relative sea level

rise, multiplied by a planning lifetime of 50 years. This third term was

recommended to be incorporated in the storm water level data required for the

calculation of the first term in the formula, so the distance is really the sum of two

factors.

The 100-year shoreline setback distance (moderate risk zone) is calculated

in the same manner, except 100-year planning lifetimes are used for calculating the

shoreline migration due to long-term erosion distance and relative sea level rise,

and storm event erosion is based on a 100-year storm event.

Within the 100-year shoreline setback area, construction and expansion of

large (structures with a building footprint of greater than 2,500 square feet)

permanent structures is prohibited. Construction and expansion of semi-permanent

(moveable) structures and small (less than a 2,500 square foot footprint) permanent

structures and is permitted, as is the renovation of existing, non-conforming

structures.

Within the 50-year shoreline setback area, renovation of existing, non-

conforming structures is permitted, as is the construction and expansion of semi-

permanent structures, provided that they are located as far landward as practicable.

Construction or expansion of permanent structures is not permitted.
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CONCLUSIONS

This study had three principle objectives. The first was to quantify the

dynamic nature of Maui's shoreline. Using these and other data, the next objective

was to assess the current shoreline setback regulatory framework in Maui County

and determine whether revisions to existing shoreline setback regulations may be

warranted. The final objective was to investigate potential areas of improvement in

Maui County's shoreline setback regulations consistent with the results of this

project and develop a model shoreline setback ordinance for Maui County that

more effectively protects coastal development and natural resources from the

effects of coastal erosion hazards.

To summarize the results of the first components of this study, forty percent

of the 603 transects analyzed on the island of Maui experienced over 25 feet of

erosion between any two years from 1949-1988 for which aerial photographs were

available. Nineteen percent exceeded 40 feet of erosion between any two years

during this same time period, and eleven percent experienced 60 feet or more of

erosion. Only 2 percent of transects exceeded 100 feet of erosion.

In the dynamic range analysis, 46 percent of the 374 transects analyzed

island-wide with net erosion from 1949 to 1988 had a dynamic range of shoreline

position change of greater than 25 feet over that period of time. Twenty-seven

percent of these same transects had a dynamic range of greater than 40 feet, fifteen

percent had a dynamic range of greater than 60 feet, and six percent had a dynamic

range of greater than 100 feet. Four percent of transects had a dynamic range of

greater than 150 feet.

The data currently available from the study currently underway by

researchers at the University of Hawaii indicate that the average annual erosion

hazard rate for all the transects within the west Maui region is .6 ft yr -I . The

average annual erosion hazard rate for all the transects within the south Maui

region is .9 ft yr 1 . These average erosion rates, when applied over the same time

period upon which the periodic erosion and dynamic range analyses described
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above are based, result in an average of 24 and 36 feet of total erosion for the west

Maui and south Maui regions, respectively, between 1949 and 1988.

The results of the transect analyses indicate that the effectiveness of this

system of shoreline setbacks in Maui County in protecting coastal property from

erosion has been mixed. Because shoreline setbacks are currently based on the

average depth of a lot, large lots with shoreline setbacks of greater than 100 feet are

consequently likely to be well-protected. In the approximate 50-year record upon

which the analysis is based, just 2 percent of transects exceeded that much erosion

between any two photo years. Of the transects experiencing net erosion from

1949/1950 to 1988 and 1975 to 1988, the transects exceeding 100 feet of dynamic

range represented 6 and 7 percent of the total number of transects, respectively.

These results indicate that Maui's system of shoreline setbacks has, in large

part, failed to protect coastal property, especially shallow lots, from coastal erosion

hazards. Existing shoreline setbacks have also often failed to protect coastal natural

resources. Various alternatives to the existing system of shoreline setback

regulations on Maui exist that may be more effective. The following model

shoreline setback ordinance for Maui County represents the recommended

alternative to existing policy, based upon the issues presented in this report.

Model Shoreline Setback Ordinance

The model shoreline setback ordinance for Maui County is designed to

address various areas in which current rules may be improved, based upon existing

coastal erosion data and the results of this study, the primary motivation for which

is to incorporate coastal erosion data and address site-specific coastal erosion

hazards. Several provisions are included to address the takings issues noted above.

Primary areas of revision include incorporating coastal erosion data into the

shoreline setback distance calculation, modifying the range of permitted uses

within the shoreline setback area, and revisions to the treatment of nonconforming

structures and substandard lot provisions.
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The most significant departure from current shoreline setback rules

contained in the model ordinance is the establishment of coastal erosion-based

shoreline setbacks. The model ordinance establishes a shoreline setback of the

greater of two setback distances: (1) fifty times the calculated average coastal

erosion rate, plus a "buffer" distance of twenty feet; or (2) the distance established

by the lot depth-based calculation used in the current regulation. Current shoreline

setback distances are thus retained in cases where there is little or no erosion or

large lots, and increased along lots experiencing erosion. The buffer distance

included in the erosion-based setback is intended to broadly account for uncertainty

in the data and in recognition of the fact that impacts to coastal development and

natural resources are likely to result before the shoreline has actually reached the

development.

The 50-year planning period was selected for a variety of reasons, including

recommendations from PEMA to that effect and information regarding the average

life of coastal structures. The average life of structures can vary according to the

type of construction and building materials used, but architects and structural

engineers frequently use 50 years as a standard design lifetime of a building

(Rogers and Jones, 2002).

A "coastal erosion hazard zone" is also established, defined as the area of a

lot between the shoreline and the coastal erosion-rate based setback. In high-

erosion areas, the coastal erosion hazard zone will comprise the entire shoreline

setback area, and in low-erosion areas, may comprise only the most seaward

portions of a lot.

The range of permitted uses within the shoreline setback area is also

modified by revising the definition of a "minor structure" to include only those

structures that are valued at less than $125,000, do not impede the natural migration

of the shoreline, do not alter the existing grade of the shoreline, and are designed to

be moveable.

Proposed revisions also include the establishment of a "minimum buildable

area" of 1,200 square feet, and a minimum buildable depth of 35 feet. If, after

•
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applying the shoreline setback and all other applicable building setbacks, the

buildable area of the lot is reduced below these thresholds, and allowable variances

are granted, the shoreline setback may be incrementally reduced until these

minimum standards are met, but in no case shall the shoreline setback be reduced to

less than 25 feet. This is a departure from current regulations that provide for an

automatic 25-foot shoreline setback for substandard lots.

However, if a structure is proposed to be located with the coastal erosion

hazard zone according to these substandard lot provisions, additional restrictions

apply. First, the development must conform to certain coastal construction

standards established by PE,MA. Additionally, property owners must indemnify

Maui County from any damages resulting to the structure from coastal hazards.

Finally, shore protection structures are prohibited throughout the life of structure in

question and any subsequent structures placed on the lot.

Shoreline setbacks for lots created by new subdivisions are established

using similar methodology, except that a planning period of 70 years is used to

calculate the setback plus a 40-foot buffer distance to account for the greater

uncertainty associated with the larger extrapolation.

Another consideration involves the nonconforming structure provisions in

the current shoreline setback regulations. Repair and maintenance of

nonconforming structures within the shoreline setback area is currently permitted

under existing shoreline setback regulations. This results in a disincentive to

relocate aging or damaged structures further inland, as doing so would trigger the

requirement for additional regulatory review. One way to improve this situation

may be to waive certain permitting requirements in cases where structures are

relocated or reconstructed further inland of existing structures, rather than investing

in renovations to existing residences closer to the shoreline.

•
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Figure 2: The Island of Maui



All Islands
Wave Patterns
Source:Atlas of Natural Hazards in the Hawaiian Coastal Zone

(Fletcher, C.H., E.E. Grossman, and B.M. Richmond, 2002)

North Pacific Swell
Generation
Storms in the Aleutian area,
mid-latitude lows
Occurrence
Throughout the year, but they are
greatest from October to May.
Some of the largest waves of
the Hawaiian islands
Height
8-14 feet
Interval
10-18 seconds

157 W

Northeast Trade Waves
Generation
Trade winds blow over open ocean
Occurrence
Throughout the year, but they are
largest from April to November.
Summer: 90-95% of the time
Winter: 55-65% of the time
Height
4-12 feet
Interval
5-8 seconds

21
N

Kona Storm Waves
Generation
Interim winds associated with local
fronts or extra-tropical lows
Occurrence
Neither frequent nor consistent, occur
during the weakening of the trades.
Usually winter: 9.3% of the time
Height
10-15 feet. Can be large and opposite
of the usual wave pattern, thereby
substantially contributing to beach
erosion and accretion
Interval
8-10 seconds

Figure 3: Hawaiian Wave Patterns

Southern Swell
Generation
Strong storm winds blowing over long fetches generate waves
adjacent to Australia and in the Southern Indian Ocean
that travel 1000's of miles to Hawaii
Occurrence
Throughout the year, but they are largest from April to October.
Arriving in a typical year 53% of the time
Height
1-4 feet (low).
Interval
14-22 seconds (long)

157 W



Source: Atlas of Natural Hazards
in the Hawaiian Coastal Zone
(Fletcher, CH., E.E. Grossman, and
B.M. Richmond, 2002)
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1947 Jan 4 High surf, Kahului
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1985 July 1 10 ft surf
1985 July 21-26 H Ignaclo,10-15 ft surf
1589 Marl-4 Storm, high surf
1992 Sept 11 H Inik I, high surf
1996 Jul 22-26 SSW swell

East
1916 1

Hi
1972 A

H
su

1978
8-

1985 1
su

1985

1986

Nana
0
20 ft
oa Beach
3 H Susan,

il	 o,l Ignacio, 

9 H Pauline.

'123 H Estelle,
urf 10-1511
9

11 surf

Waihee

Kahului

West Shore
1969 DEC 1 •-a High surf
1974 Jan 6-7 High surf
1975 Jan 39-31 Hfgh surf
1989 Mar 1-4 Storm, high surf
1992 Sep 11 H Iniki, high surf
1994 All 21-22 H. Emilia 6- 10 ft

Lakes and reservoirs

0-1000 feet

1000-2000 feet

2000-3000 feet

3000-4000 feet

4000-5000 feet

over 5000 feet

Urban areas

Highways

Streams

Canals

Hurricane

Tropical storm

Height of surf (feet)

i

25$

10miH
TS

10 ft 0
I II

10 km

Vat/NI/1'A	 WaveS



Hiki
1950

lniki
992	 Hawaii1 

Iwa Major storm tracks
1982 Source: Atlas of Natural Hazards in the Hawaiian Coastal ne

(Fletcher, C.H., E.E. Grossman, and B.M. Richmond, 2002)

41#‘ki
*1•

Kauai

wis■
1111/4h,„1/4rNr.„- Estelle

Dot
1986

1959

Nina
1957 Inik

1992

Hurricane intensity

Tropical storm

Tropical depression or less

—3 range from island coastlines

Fernanda
1993

Hiki1950

Dot
1959

Nina
1957

Iwa
1982

Figure 5: Major Storm Tracks ,

25

20

15
N 155160 W



Kaanapali

1896 3ft
1946 15ft

Lahai na
1837 8ft
1841 aft
1877 12ft
1946 11 ft
1960 9ft

Honomanu Bay
1946 12ft
1960 9ft

(Fletcher, C.H., E.E. Grossman, and B.M. Richmond, 2002)

Honolua Bay
1946 24ft
1957 12ft
1960 7ft

Napili

Waiehu
1946 20ft
1960 10ft

1906 12ft
1946 9ft
1957 8ft
1960 lift

Lakes and reservoirs
0 -1000 feet
1000-2000 feet
2000-3000 feet
3000-4000 feet
4000-5000 feet
over 5000 feet

Ma kena

1

1946 lift
1960 10ft

Mokuia
Point
1946 21ft
1960 10ft

Lower
Paia
1946 24ft
1957 14ft
1960 13ft

Kamanamana
Point
1946 13ft
1960 11ft

Huakini Bay
1946 10ft
1960 10ft

Urban areas

	  Highways
	  Streams
	  Canals
10 ft Height of runup (feet)

0 10 mi 

0 10km Figure 6: Tsunamis

Maui
Tsunamis
Source:Atlas of Natural Hazards in the Hawaiian Coastal Zone

Large tsunamis' (>1m, 3.3 ft) with reported
damage in the Hawaiian Islands

Yea?. Date Area of origin Magnitude"

1819 Apr 12 N Central Chile M= 2.0

1835 Feb 20 Southern Chile M = 4.0

1837 Nov 7 Southern Chile M = 3.0

1841 May 17 Kamchatka M = 2.0

1868 Apr 3 SE Hawaii M = 4.1

1868 Aug 13 Northern Chile M = 4.3

1868 Oct 2 South Pacific

1869 Jul 24 South Pacific

1877 May10 Northern Chile M = 4.0

1878 Jan 20 Aleutian Is (?)

1896 Jun 15 Japan M = 4.0

1901 Aug 9 Wonga

1906 Jan 31 Colombia/Ecuador M = 1.0

1906 Aug 17 Central Chile M = 2.0

1918 Sep 7 Kurils M = 3.6

1919 Oct 2 Hawaii (H = 14 ft)

1922 Nov 11 N Central Chile M = 3.0
1923 Feb 3 Kamchatka M = 3.0

1933 Mart Japan M = 3.0

1946 Apr 1 Eastern Aleutian Is M = 5.0

1952a Mar 17 Hawaii (H = 10 ft)

1952b Nov4 Kamchatka M = 4.0

1957 Mar 9 Central Aleutian Is M = 35

1960 May 22 Chile M = 45

1964 Mar 28 Gulf of Alaska M = 4.5

1975 Nov 29 Big Island/Hawel (H=47 ft)



Kauai

Nawiliwili
0.69±0.12 in/decade
(1.75±0.30 cm/decade)

Honolulu
0.62 ±0.03 in/decade
(1.58±0.08 cm/decade)

Ka neohe
0.64 ± 0.13 in/decade
(1.63±0.33 cm/decade)

Source: Atlas of Natural Hazards in the Hawaiian Coastal Zone

(Fletcher, C.H., E.E. Grossman, and B.M. Richmond, 2002)
Oahu

Molokai
Kahului
0.97 ± 0.09 in/decade
(2.46±0.23 cm/decade)

All Islands
Sea-level rise

Lanai	 Maui

Kahoolawe	 Hilo
.550

(3.94±0.23 cm/decade)
1 ± .09 in/decade
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Figure 7: Relative Sea Level Rise
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Historical Changes in Vegetation Line Position Relative to 1949 Position (feet)
Negative values indicate erosion, positive values accretion

Year of Aerial Photograph
Transect
Number 1949 1961 1975 1987 1988

1 0 -3 -10 -12 0
2 0 -2 19 53 53
3 0 0 20 48 48
4 0 0 -9 59 60
5 0 19 43 67 67
6 0 25 63 85 89
7 0 64 128 103 118
8 0 19 18 20 24
9 0 -22 -28 -64 -55
10 0 10 0 55 50
11 0 8 0 65 60
12 0 -19 -19 -23 -23
13 0 2 4 -2 -2
14 0 10 18 -12 0
15 0 0 5 -23 -5
16 0 8 10 -11 -19
17 0 0 0 53 61
18 0 -3 -15 -71 -85
19 0 -12 12 -23 -23
20 0 -10 10 2 -10
21 0 -5 0 10 11
22 0 -8 -12 -15 -15
23 0 -13 -15 -21 -23
24 0 -15 -20 -18 -18
25 0 0 13 13 13
26 0 -12 -30 -29 -28
27 0 0 -21 -7 0
28 0 -2 -15 -5 0
29 0 -8 -10 18 11
30 0 -15 -12 12 9
31 0 -25 -26 9 -8
32 0 -14 -19 8 -2
33 0 -45 -18 5 -5
34 0 7 -14 20 0
35 0 -5 -10 12 7
36 0 18 -30 13 8
37 0 20 -12 38 24
38 0 -21 0 48 10
39 0 -32 -18 10 -3
40 0 -25 -12 -6 -15
41 0 -33 0 8 12
42 0 -59 -11 -19 -11
43 0 -59 6 19 17
44 0 -40 0 19 10
45 0 -39 12 8 0
46 0 -19 29 20 25



47 0 -41 15 20 22
48 0 -19 3 12 10
49 0 9 61 38 15
50 0 0 55 10 20
51 0 11 35 0 0
52 0 -7 12 -3 20
53 0 -28 -2 -28 -10
54 0 20 20 18 20
55 0 72 53 45 60
56 0 -20 -27 -28 -28
57 0 -30 -20 -10 -30
58 0 -48 11 12 12
59 0 -42 5 -5 -5
60 0 -17 -5 10 10
61 0 -10 0 11 10
62 0 -25 -31 -12 -21
63 0 -28 -28 -19 -19
64 0 -35 -35 -9 -8
65 0 13 -19 -11 -10
66 0 25 -9 2 -18
67 0 18 8 8 0
68 0 8 2 3 14
69 0 10 -5 -5 -6
70 0 29 -10 -11 -11
71 0 22 -18 -18 -20
72 0 35 12 32 30
73 0 0 -10 1 0
74 0 9 0 0 0
75 0 10 -10 -6 -3
76 0 -2 -10 -12 -9
77 0 19 -3 4 4
78 0 18 9 10 10
79 0 25 20 22 20
80 0 26 20 19 26
81 0 20 5 12 12
82 0 26 20 20 20
83 0 22 -4 -9 5
84 0 19 5 5 10
85 0 0 8 -12 -12
86 0 29 5 -21 -13
87 0 20 12 -18 -20
88 0 9 12 22 25
89 0 21 1 -8 -21
90 0 22 3 9 0
91 0 26 -11 -29 -43
92 0 0 -9 -12 -35
93 0 23 5 -15 -29
94 0 29 14 0 -16
95 0 19 -2 -12 -26
96 0 18 35 N/A 74
97 0 11 -4 N/A 9
98 0 15 9 9 9



99 0 15 0 N/A 5
100 0 19 -16 N/A -11
101 0 30 4 N/A -4
102 0 19 -5 N/A 0
103 0 3 -3 N/A -4
104 0 9 5 N/A 1
105 0 11 -15 -30 -31
106 0 20 -20 -28 -21
107 0 10 -1 N/A -10
108 0 0 -22 N/A -28
109 0 25 0 N/A 0
110 0 22 0 N/A 0
111 0 -12 -35 N/A -40
112 0 -19 -39 N/A -40
113 0 15 -8 N/A -8
114 0 -12 -12 N/A -12
115 0 8 -29 N/A -19
116 0 -2 -42 N/A -42
117 0 6 -32 N/A -32
118 0 30 N/A 31 23
119 0 0 -10 -10 -10
120 0 -10 -20 -27 -27
121 0 0 -41 -41 -40
122 0 2 -30 -58 -55
123 0 2 -35 -45 -30
124 0 2 -60 -40 -42
125 0 0 -89 -61 -49
126 0 18 -52 -39 -45
127 0 0 -45 -35 -39
128 0 18 -31 -9 -19
129 0 11 -39 -19 -22
130 0 10 11 11 11
131 0 8 5 5 5
132 0 19 15 2 0
133 0 9 20 9 9
134 0 0 19 -21 -18
135 0 9 0 -5 -10
136 0 0 0 0 0
137 0 30 40 30 30
138 0 9 9 -20 -49
139 0 10 14 0 0
140 0 20 30 N/A N/A
141 0 22 21 36 31
142 0 11 N/A 11 11
143 0 N/A 10 N/A -8
144 0 N/A 4 N/A 0
145 0 9 -8 -12 -1
146 0 2 30 12 29
147 0 19 -12 N/A -6
148 0 35 3 -10 1
149 0 -8 -10 -20 -12
150 0 4 -9 -19 -8



151 0 8 6 -9 -7

152 0 19 -9 0 0

153 0 35 3 0 0

154 0 18 0 -6 -11

155 0 17 -10 -39 -19

156 0 35 0 -20 -12

157 0 21 -20 -21 -19

158 0 -17 -22 -29 -19

159 0 20 -19 -22 -20

160 0 11 0 -4 -4

161 0 21 7 0 24

162 0 35 2 10 10

163 0 35 0 -9 -10

164 0 20 10 -4 -4

165 0 11 12 9 9



Historical Changes in Vegetation Line Position Between Photo Years (feet)
Negative values indicate erosion, positive values accretion

Transect
Number

1949-
1961

Time Period
1961-	 1975-
1975	 1987

1987-
1988

1 -3 -7 -2 12
2 -2 21 34 0
3 0 20 28 0
4 0 -9 68 1
5 19 24 24 0
6 25 38 22 4
7 64 64 -25 15
8 19 -1 2 4
9 -22 -6 -36 9
10 10 -10 55 -5
11 8 -8 65 -5
12 -19 0 -4 0
13 2 2 -6 0
14 10 8 -30 12
15 0 5 -28 18
16 8 2 -21 -8
17 0 0 53 8
18 -3 -12 -56 -14
19 -12 24 -35 0
20 -10 20 -8 -12
21 -5 5 10 1
22 -8 -4 -3 0
23 -13 -2 -6 -2
24 -15 -5 2 0
25 0 13 0 0
26 -12 -18 1 1
27 0 -21 14 7
28 -2 -13 10 5
29 -8 -2 28 -7
30 -15 3 24 -3
31 -25 -1 35 -17
32 -14 -5 27 -10
33 -45 27 23 -10
34 7 -21 34 -20
35 -5 -5 22 -5
36 18 -48 43 -5
37 20 -32 50 -14
38 -21 21 48 -38
39 -32 14 28 -13
40 -25 13 6 -9
41 -33 33 8 4
42 -59 48 -8 8
43 -59 65 13 -2
44 -40 40 19 -9
45 -39 51 -4 -8
46 -19 48 -9 5



47 -41 56 5 2
48 -19 22 9 -2
49 9 52 -23 -23
50 0 55 -45 10
51 11 24 -35 0
52 -7 19 -15 23
53 -28 26 -26 18
54 20 0 -2 2
55 72 -19 -8 15
56 -20 -7 -1 0
57 -30 10 10 -20
58 -48 59 1 0
59 -42 47 -10 0
60 -17 12 15 0
61 -10 10 11 -1
62 -25 -6 19 -9
63 -28 0 9 0
64 -35 0 26 1
65 13 -32 8 1
66 25 -34 11 -20
67 18 -10 0 -8
68 8 -6 1 11
69 10 -15 0 -1
70 29 -39 -1 0
71 22 -40 0 -2
72 35 -23 20 -2
73 0 -10 11 -1
74 9 -9 0 0
75 10 -20 4 3
76 -2 -8 -2 3
77 19 -22 7 0
78 18 -9 1 0
79 25 -5 2 -2
80 26 -6 -1 7
81 20 -15 7 0
82 26 -6 0 0
83 22 -26 -5 14
84 19 -14 0 5
85 0 8 -20 0
86 29 -24 -26 8
87 20 -8 -30 -2
88 9 3 10 3
89 21 -20 -9 -13
90 22 -19 6 -9
91 26 -37 -18 -14
92 0 -9 -3 -23
93 23 -18 -20 -14
94 29 -15 -14 -16
95 19 -21 -10 -14
96 18 17 N/A N/A
97 11 -15 N/A N/A
98 15 -6 0 0



99 15 -15 N/A N/A
100 19 -35 N/A N/A
101 30 -26 N/A N/A
102 19 -24 N/A N/A
103 3 -6 N/A N/A
104 9 -4 N/A N/A
105 11 -26 -15 -1
106 20 -40 -8 7
107 10 -11 N/A N/A
108 0 -22 N/A N/A
109 25 -25 N/A N/A
110 22 -22 N/A N/A
111 -12 -23 N/A N/A
112 -19 -20 N/A N/A
113 15 -23 N/A N/A
114 -12 0 N/A N/A
115 8 -37 N/A N/A
116 -2 -40 N/A N/A
117 6 -38 N/A N/A
118 30 N/A N/A -8
119 0 -10 0 0
120 -10 -10 -7 0
121 0 -41 0 1
122 2 -32 -28 3
123 2 -37 -10 15
124 2 -62 20 -2
125 0 -89 28 12
126 18 -70 13 -6
127 0 -45 10 -4
128 18 -49 22 -10
129 11 -50 20 -3
130 10 1 0 0
131 8 -3 0 0
132 19 -4 -13 -2
133 9 11 -11 0
134 0 19 -40 3
135 9 -9 -5 -5
136 0 0 0 0
137 30 10 -10 0
138 9 0 -29 -29
139 10 4 -14 0
140 20 10 N/A N/A
141 22 -1 15 -5
142 11 N/A N/A 0
143 N/A N/A N/A N/A
144 N/A N/A N/A N/A
145 9 -17 -4 11
146 2 28 -18 17
147 19 -31 N/A N/A
148 35 -32 -13 11
149 -8 -2 -10 8
150 4 -13 -10 11



151 8 -2 -15 2

152 19 -28 9 0

153 35 -32 -3 0

154 18 -18 -6 -5

155 17 -27 -29 20

156 35 -35 -20 8

157 21 -41 -1 2

158 -17 -5 -7 10

159 20 -39 -3 2

160 11 -11 -4 0

161 21 -14 -7 24

162 35 -33 8 0

163 35 -35 -9 -1

164 20 -10 -14 0

165 11 1 -3 0



Highest Observed Erosion Between any Two Photo Years, and "Dynamic Range" of Vegetation Line
Position Change from 1949-1988 as Calculated from the Maximum Seaward and Landward Positions

of Vegetation Line Relative to 1949 Position (feet)

Maximum Maximum
Transect Maximum Landward Seaward Dynamic
Number erosion Position Position Range

1 -7 0 -12 12
2 -2 53 -2 55
3 N/A 48 0 48
4 -9 60 -9 69
5 N/A 67 0 67
6 N/A 89 0 89
7 -25 128 0 128
8 -1 24 0 24
9 -36 0 -64 64
10 -10 55 0 55
11 -8 65 0 65
12 -19 0 -23 23
13 -6 4 -2 6
14 -30 18 -12 30
15 -28 5 -23 28
16 -21 10 -19 29
17 N/A 61 0 61
18 -56 0 -85 85
19 -35 12 -23 35
20 -12 10 -10 20
21 -5 11 -5 16
22 -8 0 -15 15
23 -13 0 -23 23
24 -15 0 -20 20
25 N/A 13 0 13
26 -18 0 -30 30
27 -21 0 -21 21
28 -13 0 -15 15
29 -8 18 -10 28
30 -15 12 -15 27
31 -25 9 -26 35
32 -14 8 -19 27
33 -45 5 -45 50
34 -21 20 -14 34
35 -5 12 -10 22
36 -48 18 -30 48
37 -32 38 -12 50
38 -38 48 -21 69
39 -32 10 -32 42
40 -25 0 -25 25
41 -33 12 -33 45
42 -59 0 -59 59
43 -59 19 -59 78
44 -40 19 -40 59
45 -39 12 -39 51



46 -19 29 -19 48
47 -41 22 -41 63
48 -19 12 -19 31
49 -23 61 0 61
50 -45 55 0 55
51 -35 35 0 35
52 -15 20 -7 27
53 -28 0 -28 28
54 -2 20 0 20
55 -19 72 0 72
56 -20 0 -28 28
57 -30 0 -30 30
58 -48 12 -48 60
59 -42 5 -42 47
60 -17 10 -17 27
61 -10 11 -10 21
62 -25 0 -31 31
63 -28 0 -28 28
64 -35 0 -35 35
65 -32 13 -19 32
66 -34 25 -18 43
67 -10 18 0 18
68 -6 14 0 14
69 -15 10 -6 16
70 -39 29 -11 40
71 -40 22 -20 42
72 -23 35 0 35
73 -10 1 -10 11
74 -9 9 0 9
75 -20 10 -10 20
76 -8 0 -12 12
77 -22 19 -3 22
78 -9 18 0 18
79 -5 25 0 25
80 -6 26 0 26
81 -15 20 0 20
82 -6 26 0 26
83 -26 22 -9 31
84 -14 19 0 19
85 -20 8 -12 20
86 -26 29 -21 50
87 -30 20 -20 40
88 N/A 25 0 25
89 -20 21 -21 42
90 -19 22 0 22
91 -37 26 -43 69
92 -23 0 -35 35
93 -20 23 -29 52
94 -16 29 -16 45
95 -21 19 -26 45
96 N/A 74 0 74
97 -15 11 -4 15



98 -6 15 0 15
99 -15 15 0 15
100 -35 19 -16 35
101 -26 30 -4 34
102 -24 19 -5 24
103 -6 3 -4 7
104 -4 9 0 9
105 -26 11 -31 42
106 -40 20 -28 48
107 -11 10 -10 20
108 -22 0 -28 28
109 -25 25 0 25
110 -22 22 0 22
111 -23 0 -40 40
112 -20 0 -40 40
113 -23 15 -8 23
114 -12 0 -12 12
115 -37 8 -29 37
116 -40 0 -42 42
117 -38 6 -32 38
118 -8 31 0 31
119 -10 0 -10 10
120 -10 0 -27 27
121 -41 0 -41 41
122 -32 2 -58 60
123 -37 2 -45 47
124 -62 2 -60 62
125 -89 0 -89 89
126 -70 18 -52 70
127 -45 0 -45 45
128 -49 18 -31 49
129 -50 11 -39 50
130 N/A 11 0 11
131 -3 8 0 8
132 -13 19 0 19
133 -11 20 0 20
134 -40 19 -21 40
135 -9 9 -10 19
136 N/A 0 0 0
137 -10 40 0 40
138 -29 9 -49 58
139 -14 14 0 14
140 N/A 30 0 30
141 -5 36 0 36
142 N/A 11 0 11
143 N/A 10 -8 18
144 N/A 4 0 4
145 -17 9 -12 21
146 -18 30 0 30
147 -31 19 -12 31
148 -32 35 -10 45
149 -10 0 -20 20



150 -13 4 -19 23
151 -15 8 -9 17
152 -28 19 -9 28
153 -32 35 0 35
154 -18 18 -11 29
155 -29 17 -39 56
156 -35 35 -20 55
157 -41 21 -21 42
158 -17 0 -29 29
159 -39 20 -22 42
160 -11 11 -4 15
161 -14 24 0 24
162 -33 35 0 35
163 -35 35 -10 45
164 -14 20 -4 24
165 -3 12 0 12



West Maui Transects (Lahaina to Napili)
Total number of transects: 165

Number of Transects Within the Region Exceeding Various Observed Erosion Distances Between
any Two Photo Years

Number
Exceeding

25 feet
60

Percentage
of Total

36.36

Number
Exceeding

40 feet
17

Number
Exceeding

60 feet
3

Number
Exceeding

100 feet
0

Number
Exceeding

150 feet
0

Percentage Percentage Percentage Percentage
of Total	 of Total	 of Total	 of Total

10.3	 1.82	 0	 0

Number of Transects Within the Region Exceeding Various Dynamic Ranges Between any Two
Photo Years

Number
Exceeding

25 feet
104

Percentage
of Total

63.03

Number
Exceeding

40 feet
56

Percentage
of Total

33.94

Number
Exceeding

60 feet
18

Percentage
of Total

10.91

Number
Exceeding

100 feet
1

Percentage
of Total

0.61

Number
Exceeding

150 feet
0

Percentage
of Total

0



West Maui Transects (Lahaina to Napili)
Total number of transects: 165

Number of transects with net erosion from 1949-1988: 84
Number of transects with net erosion from 1975-1988: 61

Number of Transects Within the Region With Net Erosion from 1949-1988 Exceeding Various
Dynamic Ranges Between any Two Photo Years

Number	 Number	 Number	 Number	 Number
Exceeding Exceeding Exceeding Exceeding Exceeding

25 feet	 40 feet	 60 feet	 100 feet	 150 feet

	

60	 32	 6	 0	 0

Percentage Percentage Percentage Percentage Percentage
of Total	 of Total	 of Total	 of Total	 of Total

	

36.36	 19.39	 3.64	 0	 0

Number of Transects Within the Region With Net Erosion from 1975-1988 Exceeding Various
Dynamic Ranges Between any Two Photo Years

Number	 Number	 Number	 Number	 Number
Exceeding Exceeding Exceeding Exceeding Exceeding

25 feet	 40 feet	 60 feet	 100 feet	 150 feet

	

42	 25	 5	 1	 0

Percentage Percentage Percentage Percentage Percentage
of Total	 of Total	 of Total	 of Total	 of Total

	

25.45	 15.15	 3.03	 0.61	 0



MA Transects (West Maui, Lahaina to Napili)

	

if over ZO	 if over 4U	 if over ou if over uu	 over um) fr over zo	 w over 4U	 W over ou fr over iuu if over lay

	

periodic	 periodic	 periodic	 periodic	 periodic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic

	

erosion	 erosion	 erosion	 erosion	 erosion	 range	 range	 range	 range	 range

60	 17	 3	 0	 0	 104	 56	 18	 1	 0

Percentage Percentage Percentage Percentage Percentage Percentage Percentage Percentage Percentage Percentage

	

of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total

	

36.36	 10.3	 1.82	 0	 0	 63.03	 33.94	 10.91	 0.61	 0

MB Transects (Southwest Maui, Maalaea Harbor to Kalama Beach Park)
if over ca- w over 4U	 if over eu if over iou w over IOU- if over ca- if over 4U	 if over eu if over iou if over lay'

	

periodic	 periodic	 periodic	 periodic	 periodic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic

	

erosion	 erosion	 erosion	 erosion	 erosion	 range	 range	 range	 range	 range

53	 16	 8	 0	 0	 124	 56	 33	 9	 3

Percentage Percentage Percentage Percentage Percentage Percentage Percentage Percentage Percentage Percentage

	

of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total

	

28.34	 8.56	 4.28	 0	 0	 66.31	 29.95	 17.65	 4.81	 1.6

MC Transects (Southwest Maui, Kamaole to Makena)

	

if over co	 if over 4U	 if over Du if over iou- if over IOU-  if over zo	 if over 4U if over ou if over Ivy if over loo'

	

periodic	 periodic	 periodic	 periodic	 periodic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic

	

erosion	 erosion	 erosion	 erosion	 erosion	 range	 range	 range	 range	 range

58	 37	 17	 1	 1	 75	 51	 24	 2	 1

Percentage Percentage Percentage Percentage Percentage Percentage Percentage Percentage Percentage Percentage

	

of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total

	

57.43	 36.63	 16.83	 0.99	 0.99	 74.26	 50.5	 23.76	 1.98	 0.99

MD Transects (North Central Maui, Kahului Harbor to Hamakua Poko Pc

	

if over zo	 if over WU	 if over eu if over iuu if over iou if over co' if over gu	 if over ou if over i uu- w over iou

	

periodic	 periodic	 periodic	 periodic	 periodic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic

	

erosion	 erosion	 erosion	 erosion	 erosion	 range	 range	 range	 range	 range

71	 46	 38	 13	 1	 105	 82	 68	 45	 23

Percentage Percentage Percentage Percentage Percentage Percentage Percentage Percentage Percentage Percentage

	

of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total

	

47.33	 30.67	 25.33	 8.67	 0.67	 70	 54.67	 45.33	 30	 15.33

All Transects

	

if over LO	 if over WU ' if over ou if over ivy if over um if over zo	 if over gu	 if over ou if over i uu if over lou

	

periodic	 periodic	 periodic	 periodic	 periodic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic

	

erosion	 erosion	 erosion	 erosion	 erosion	 range	 range	 range	 range	 range

242	 116	 66	 14	 2	 408	 245	 143	 57	 27

Percentage Percentage Percentage Percentage Percentage Percentage Percentage Percentage Percentage Percentage

	

of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total

	

40.13	 19.24	 10.95	 2.32	 0.33	 67.66	 40.63	 23.71	 9.45	 4.48



MA Transects (West Maui, Lahaina to Napili)

	

Transects with net erosion from 1949-1988 	 Transects with net erosion from 1975-1988

	

if over co	 if over 4U	 if over ou if over I UU if over iou	 w over co' ir over 4U	 if over eu f, over ivu if over i ou

	

dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic

	

range	 range	 range	 range	 range	 range	 range	 range	 range	 range

	

60	 32	 6	 0	 0	 42	 25	 5	 1	 0

Percentage Percentage Percentage Percentage Percentage 	 Percentage Percentage Percentage Percentage Percentage

	

of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total

	

36.36	 19.39	 3.64	 0	 0	 25.45	 15.15	 3.03	 0.61	 0

MB Transects (Southwest Maui, Maalaea Harbor to Kalama Beach Park)

	

Transects with net erosion from 1949-1988 	 Transects with net erosion from 1975-1988

	

fF over co	 if over Liu	 w over eu if over iou' if over too	 it over co	 if over ou	 if over ou If over iou" fr over iou'

	

dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic

	

range	 range	 range	 range	 range	 range	 range	 range	 range	 range

	

84	 27	 14	 0	 0	 74	 29	 13	 3	 0

Percentage Percentage Percentage Percentage Percentage 	 Percentage Percentage Percentage Percentage Percentage

	

of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total

	

44.92	 14.44	 7.49	 0	 0	 39.57	 15.51	 6.95	 1.6	 0

MC Transects (Southwest Maui, Kamaole to Makena)

	

Transects with net erosion from 1949-1988 	 Transects with net erosion from 1975-1988

	

if over co	 if over ou	 if over Du if over iou- if over loo'	 if over zo	 if over 4U	 if over Du ii over iou' if over iou'

	

dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic

	

range	 range	 range	 range	 range	 range	 range	 range	 range	 range

	

62	 45	 22	 2	 1	 56	 38	 17	 1	 0

Percentage Percentage Percentage Percentage Percentage 	 Percentage Percentage Percentage Percentage Percentage

	

of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total

	

61.39	 44.55	 21.78	 1.98	 0.99	 55.45	 37.62	 16.83	 0.99	 0

MD Transects (North Central Maui, Kahului Harbor to Hamakua Poko Point)

	

Transects with net erosion from 1950-1988 	 Transects with net erosion from 1975-1988

	

iF over co	 if over ou	 w over ou if over iuu' fr over iou'	 if over co" 0 over ou	 w over Du if over i uu fr over iou'

	

dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic

	

range	 range	 range	 range	 range	 range	 range	 range	 range	 range

	

73	 57	 49	 37	 23	 74	 59	 49	 37	 21

Percentage Percentage Percentage Percentage Percentage 	 Percentage Percentage Percentage Percentage Percentage

	

of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total

	

48.67	 38	 32.67	 24.67	 15.33	 49.33	 39.33	 32.67	 24.67	 14

All Transects
Transects with net erosion from 1949/1950-1988

	
Transects with net erosion from 1975-1988

	

ir over co	 if over ou	 w over ou if over luu fr over i ou'	 fr over co	 if over 4U	 if over Du it over i uu if over iou'

	

dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic	 dynamic

	

range	 range	 range	 range	 range	 range	 range	 range	 range	 range

	

279	 161	 91	 39	 24	 246	 151	 84	 42	 21

Percentage Percentage Percentage Percentage Percentage 	 Percentage Percentage Percentage Percentage Percentage

	

of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total	 of total

	

46.27	 26.7	 15.09	 6.47	 3.98
	

40.8	 25.04	 13.93	 6.97	 3.48
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