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Introduction 
The purpose of this Technical 
Resource Paper is to direct the 
community to information about 
chronic and episodic coastal 
hazards in West Maui along with 
recommendations for planning 
strategies that can be considered to 
improve community resilience.  This 
paper was a collaborative 
preparation with the University of 
Hawaii Sea Grant Program and the 
County of Maui Planning 
Department.  

Though the West Maui Community 
Plan is intended to guide 
development over the next 20 
years, planning decisions made 
today, and resulting development, 
will have expected life spans 
extending well into the latter half of 
this century. In that time, episodic 
events such as large coastal storms 
that can cause flooding, erosion, 
and sediment runoff are likely to 
affect West Maui, and chronic 
hazards such as high tide flooding and coastal erosion will continue to worsen as three feet or 
more of sea level rise becomes increasingly likely. Importantly, coastal resilience is not a stand-
alone issue as it will cut across every other community issue or topic, including other topics 
addressed by West Maui Community 
Plan Technical Resource Papers and 
should be considered when those 
topics are discussed and analyzed. 

Located in the Central North Pacific, 
Hawai‘i is uniquely exposed to a 
range of natural hazards. Baseline 
information on existing natural 
hazards is available from a variety of 
sources including FEMA Flood 
Insurance Rate Maps (FIRMs) for Hawai‘i, maps of tsunami evacuation zones, and reports such 
as the U.S. Geological Survey’s Atlas of Natural Hazards in the Hawaiian Coastal Zone (Fletcher 
et al. 2002). The Atlas of Natural Hazards study showed that areas in the West Maui region 

Figure 1. Example hazard assessment.  

A hazard assessment for West Maui for the Nāpili area 
(Kā‘anapali to Honokahua Bay) from the Atlas of Natural 
Hazards in the Hawaiian Coastal Zone. This area has an 
overall hazard assessment (OHA) that is moderate to high (5), 
largely influenced by high tsunami stream flooding, and erosion 
hazards. Similar hazard assessments are also available for the 
West Maui areas of Olowalu, Lahaina, and Honolua. 

http://gis.hawaiinfip.org/FHAT/
http://gis.hawaiinfip.org/FHAT/
https://www.mauicounty.gov/261/Tsunami-Evacuation-Maps
https://pubs.usgs.gov/imap/i2761/i2761.pdf
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(mapped as four separate sub regions – Olowalu, Lahaina, Nāpili, and Honolua) all have a 
moderate to high (5 out of 7) Overall Hazard Assessment (OHA) due in large part to the low 
coastal slope, which increases susceptibility to impacts from high waves, storms, high tides, 
coastal erosion, tsunami, and flooding (Figure 1).  

Flooding in Hawai‘i is probably the most common natural hazard in the state and can be caused 
by hurricane, tropical storm, tsunami, or any weather system that produces heavy rain. High 
waves and coastal erosion are also predominant statewide and especially in West Maui. 
Further, dense development in West Maui concentrated at the shoreline and in low-lying areas 
increases vulnerability to these natural hazards. Climate change and sea level rise will increase 
the frequency and severity of impacts from these natural hazards. The most up-to-date 
scientific literature points to three feet of sea level rise as an intermediate scenario and eight-
plus feet of sea level rise as a worst-case scenario by the end of this century (Sweet et. al. 
2017). Further, sea level rise is projected to be higher than global averages around tropic 
regions, including Hawai‘i. Flooding events during seasonal or extreme high tides will be 
experienced decades before the projected global sea levels are reached and this is already 
occurring in West Maui.  

Adapting to climate change and sea level rise can make West Maui communities more resilient 
to present and future coastal hazards – a “no-regrets” approach to adaptation. To this end, it is 
important to be aware of and consider the potential exposure to existing coastal hazards as a 
baseline, along with future scenarios that include additional climate change and sea level rise 
exposure. 

Coastal Zone Management Regulatory Framework 
When Congress established the national Coastal Zone Management (CZM) Act in 1972, it 
determined that the state, rather than the federal government, was in the best position to 
manage the zone connecting land and sea. The reasoning was that the state exercises 
discretion in land use policies and holds claim to the waters and submerged lands in the 
territorial sea. In addition, Congress also understood that coastal states have different values 
and needs. The program is voluntary, though there are substantial incentives for states to 
participate, such as planning and administration grants as well as the privilege of administering 
the federal consistency review program. 

Hawai‘i’s response to the national law was immediate. In 1973, the Legislature passed Act 164 
to mandate a statewide CZM program. After several years of planning, the 1977 Hawai‘i CZM 
statute was codified in Hawai‘i Revised Statutes, Chapter 205A (HRS 205A). A year later, the 
U.S. Department of Commerce officially approved the Hawai‘i CZM Program. The regulatory 
reach of HRS 205A is the entire state, including coastal waters out to the limit of the State’s 
police and management authority.   

Unique to Hawai‘i, HRS 205A grants individual counties with regulatory authority over 
designated areas of concern that are termed the Special Management Area (SMA). The SMA is 
much smaller than the CZM area and theoretically represents the most sensitive area of the 
coastal zone. From a spatial context, the SMA generally extends from the shoreline inland to 
the nearest highway. Within the SMA, the Counties have established rules that govern the 
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immediate shoreline area, such as shoreline setbacks and procedures for variances. Today the 
SMA permit has become the most recognized component of the CZM program. 

In the County of Maui, the Special Management Area is regulated according to the Department 
of Planning, Maui Planning Commission, “Special Management Area Rules” (Title MC-12, 
Subtitle 02, Chapter 202, or simply §12-202). The more spatially limited shoreline area is further 
regulated according to the Department of Planning, Maui Planning Commission, “Shoreline 
Rules for the Maui Planning Commission” (Title MC-12, Subtitle 02, Chapter 203, or simply §12-
203).  

HRS 205A and these sets of county rules should be evaluated and updated to provide improved 
coastal management and community resilience as our knowledge of the impacts of coastal 
hazards, climate change, and sea level rise continues to improve. 

Countywide Policy Plan and Maui Island Plan 
The Countywide Policy Plan (2010) and the Maui Island Plan (2012) both contain goals, 
objectives, policies, and actions related to coastal hazards, coastal management, and sea level 
rise to varying degrees. In the Maui Island Plan (MIP), these references are contained in Chapter 
2, Heritage Resources, and Chapter 3, Natural Hazards. Much of the scientific information 
related to sea level rise projections and timelines has significantly evolved since these 
documents were adopted. Further, maps of potential exposure to sea level rise that are 
appropriate for use at a planning scale have only become available statewide as of December 
2017. 

Selected policies and actions from the Countywide Policy Plan (CWPP) and the MIP that are 
related directly to coastal resilience are shown in Appendix A.  

West Maui Community Plan 
The existing West Maui Community Plan (1996) does not explicitly address coastal hazards, and 
there are no references to the terms “hazard” or “sea level rise.” There are several references 
to “flooding,” which may be indicative of this as the more well-understood and predominant 
issue at the time over 20 years ago. However, there are a few objectives and policies in the plan 
related to coastal hazards and coastal management that do reveal foresight. 

At the time of the adoption of the plan, coastal erosion was becoming a pervasive concern, 
particularly in West Maui. It was at this same time that the County of Maui established a 
partnership with the University of Hawai‘i to develop tools, policies, and outreach programs to 
address these concerns. Through that partnership, it is worth mentioning that, by 2003, six 
years after adoption of the plan, and as per Objective/Policy 14 in the Environment Section, the 
County completed a beach erosion study and adopted new rules (§12-203, “Shoreline Rules for 
the Planning Commission”) to establish erosion-based shoreline setbacks. These rules have 
become an integral and largely uncontested part of Maui’s coastal zone management program. 
Further, as of September 2018, the County is proposing revisions to further strengthen 
shoreline setbacks given new information about potential sea level rise exposure. 

Selected policies and actions from the 1996 West Maui Community Plan that are related 
directly to coastal resilience are in Appendix A.  
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Existing Conditions 
 
Brief descriptions of past and existing coastal hazards impacts and shoreline conditions in West 
Maui can help to understand, discuss, and prioritize responses and adaptive planning options.  

Tsunami 
Faulting, landslides, and volcanic activity that cause displacements of the seafloor are common 
around the Pacific Rim and occasionally trigger tsunami waves that can flood far inland causing 
damage and loss of life. Tsunamis reaching Maui have exhibited tremendous variability in terms 
of their run-up1 heights, inundation distances, and the damage they have inflicted. According to 
the Atlas of Natural Hazards in the Hawaiian Islands, more than 100 tsunamis have been 
observed in the Hawaiian Islands since the first recorded tsunami in 1812. Twenty six have been 
recorded with wave run-ups greater than 3.3 ft and reported damage. The largest recorded 
tsunami run-ups in West Maui are associated with the 1946 tsunami, including 11 feet in 
Lahaina, 15 feet in Kā‘anapali, and 24 feet at Honolua Bay. Tsunami evacuation zone maps for 
Hawai‘i are based upon recorded historic tsunami run-ups as well as modeled hypothetical 
events, and these can provide a good planning reference. 

Flooding 
Stream flooding on Maui is common and can be caused by hurricane, tropical storm, tsunami, 
or any weather system that produces heavy rain. The deep V-shaped valleys of west Maui have 
been carved by more than 1 million years of stream flow, and the wide apron of sediments 
descending from ‘Īao Valley onto the isthmus and the wide coastal plain between Kā‘anapali 
and Olowalu are the result of flood deposition over this time. Flooding in areas around Lahaina 
and Honokōwai are in part a result of the abrupt transition in slope at the coastline and the 
behavior of flash flooding. Many historic floods in these two areas occurred after heavy 
precipitation in higher elevations, which fed narrow stream channels and channelized drainages 
near the arid coast to the point of overflow. According to the Atlas of Natural Hazards in the 
Hawaiian Islands, there have been at least 19 damaging floods in the Lahaina area since the late 
1800s. In addition to stream channel flooding, the low-lying West Maui coastal plain is subject 
to standing surface water flooding after intense rain events, such as the public parking areas 
around Pāpalaua and Ukumehame Beach Parks where cars commonly become inundated 
and/or stranded.  

Flood zones are geographic areas that the Federal Emergency Management Agency (FEMA) has 
defined according to varying levels of flood risk. These zones are depicted on a community's 
Flood Insurance Rate Map (FIRM). Each zone reflects the severity or type of flooding in the 
area. Zones A and AE represent areas with a 1% annual chance of flooding and a 26% chance of 
flooding over the life of a 30‐year mortgage coming from rainfall and streams. Zones V and VE 
represent coastal areas with a 1% or greater chance of flooding and an additional hazard 

                                                      
1 Run-up refers to the height above the stillwater elevation (tide and surge) reached by the wave swash. Run-up is a complex 
phenomenon that depends on the local water level (including surf beat or infragravity wave effects), the incident wave conditions 
(height, period, steepness, direction), and the nature of the beach or structure being run up (e.g., slope, reflectivity, height, 
permeability, roughness). 

https://www.mauicounty.gov/261/Tsunami-Evacuation-Maps
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associated with storm waves and a 26% chance of flooding over the life of a 30‐year mortgage. 
The current flood zones for any property can be viewed in the State of Hawai‘i Flood Hazard 
Assessment Tool (Figure 2). These flood zones will expand with sea level rise, so the updated 
State of Hawai‘i Hazard Mitigation Plan (2018) incorporates a new 1% annual chance coastal 
flood zone (V zone) that includes sea level rise, and this is available for comparison and analysis 
in the Community Plan.  

 
Figure 2. Example Flood Hazard Assessment Tool Imagery.  

A screen grab from the State of Hawai‘i Flood Hazard Assessment Tool (FHAT), showing the Kahana 
Stream and Ka‘ōpala Bay area in West Maui. This area is subject to stream flooding (blue and purple 
areas depicting A, AE, and AEF zones) and coastal flooding with waves (red areas depicting VE zones). 

High Waves and Coastal Erosion 
The generally west facing coastline receives waves from northwest swells in the winter that 
wrap into the region, south swells in the summer, occasional Kona storms that approach from 
the south, and occasional hurricanes. This region is partially shielded from the full energy of 
northwest swells by the islands of Moloka‘i and Lana‘i and partially from south swells by 
Kaho‘olawe. With wave exposure from two oblique directions (north and south) on the west-
facing coast, the sandy beaches exhibit high seasonal variations. The region overall is 
considered “sand starved,” owing to a limited sand supply in the backshore area where the 
geology generally transitions from sandy beach to volcanic alluvium (land-based soil). This is 
distinct from some other backshore coastal areas, such as Kīhei and some parts of the north 
shore, that are characterized by extensive beach and dune deposits, free of land-based soils, 
which can supply retreating shorelines with sand.  

http://gis.hawaiinfip.org/FHAT/
http://gis.hawaiinfip.org/FHAT/
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Even though neighboring islands and fringing reefs provide substantial protection from wave 
energy, the impacts of high waves and shoreline erosion are already severe in West Maui due 
to a combination of factors, including sea level rise over the past century, episodic storms, and 
human impacts such as shoreline armoring. According to the National Assessment of Shoreline 
Change in the Hawaiian Islands study, roughly 14% of the total length of beach analyzed for 
West Maui was completely lost to erosion since the early 1900s. This is the highest percentage 
of beach loss of any region on Maui, Kaua‘i, and O‘ahu. Many beaches have eroded to expose 
beach rock formations (naturally cemented beach sands) parallel to the shoreline, backshore 
alluvial (land-based) deposits that can degrade water quality, as well as seawalls that were once 
fronted by sand. Seawall failure has been common in this area in the past decade, as evidenced 
by at least 18 permit requests for substantial seawall repair since 2007.  

Beaches in West Maui are particularly prone to seasonal changes, with sand typically driven to 
the north end of beaches from southerly swell in summer months and toward the south end of 
beaches from northerly swell in winter months. As beaches continue to shrink in width and 
volume from chronic erosion, however, the natural buffering capacity of the beach to protect 
development and infrastructure during seasonal high waves has been substantially reduced or 
eliminated at many sites. Since this region is highly developed with condos and hotels, it is 
arguably and uniquely equal statewide to Waikīkī on O‘ahu in terms of high density 
development that is now becoming threatened by erosion and high waves. 

Shoreline conditions are site specific and vary throughout the West Maui region depending on 
local environmental conditions (orientation of coastline, upland geology, presence of fringing 
reef, exposure to wave directions and energy, etc). The historical response to erosion statewide 
has been to armor the shoreline with seawalls and/or rock revetments. It is now well 
understood, and documented in the literature, that armoring on eroding shorelines leads to 
beach loss and exacerbates erosion to neighboring properties. Most cases on Maui where 
beach has been completely lost correspond with shoreline armoring. State and County coastal 
zone management officials consider shoreline armoring a solution of last resort in very limited 
circumstances and prefer to identify alternative responses. Alternative responses can include 
relocation or retreat (for which one long-term strategy is shoreline setbacks), adaptation 
measures such as elevating buildings, temporary emergency responses such as sand pushing or 
sandbags, coastal dune management and restoration, and/or beach nourishment.  

It is important to note that many past responses to coastal erosion may not have considered 
sea level rise, and some adaptation measures that are currently being pursued, such as beach 
nourishment, may also be “interim” strategies in the face of continuing sea level rise. 
Retreating from hazardous areas eliminates risk rather than just temporarily reducing it, and 
may simultaneously benefit or preserve coastal ecosystems, thereby making retreat perhaps 
the only option over longer time frames. 
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In general, responses to erosion and high 
waves along the shoreline will be most 
effective if pursued on a regional, littoral 
cell, or “beach cell” basis, rather than 
parcel by parcel, as it has typically been 
approached in the past. The Maui Beach 
Management Plan (2008) provides 
recommendations on shoreline 
management, including a recommendation 
for preparing individual beach management 
plans. A Regional Sediment Management 
Budget (2016) prepared by the U.S. Army 
Corps of Engineers identifies 12 individual 
beach cells in the West Maui region from 
Kā‘anapali to Honolua Bay, though it does 
not include the southern sub-regions 
(Ukumehame, Olowalu, and Lahaina).   

The Pacific Islands Ocean Observing 
Systems (PacIOOS) program received a 
2017 grant award from the NOAA Regional Coastal Resilience Grants Program to develop a 
high-resolution, real-time wave run-up forecast and notification system for West Maui. In 
addition, future inundation scenarios will be prepared, taking rising sea levels and 
increasing wave energy into consideration. For these short- and long-term 
forecasts, West Maui's coastline will be divided into segments to account for site-specific 
differences in the characteristics of the nearshore wave environment and how that relates to 
the hazards of high run-up, inundation, and potential erosion impacts. This innovative approach 
will help to better understand differing risks and vulnerabilities along the coastline, and thereby 
enhance preparedness, response operations, land-use planning, and policy-making. These 
products will be available by fall 2020. 

Below is a very brief summary highlighting some of the existing and predominant conditions for 
some locations in West Maui. 

Ukumehame and Olowalu Conditions 
Honoapi‘ilani Highway in this region is highly vulnerable to coastal hazards. This State-owned 
critical transportation corridor was built directly behind narrow and low-lying beaches and is 
prone to erosion and wave overwash during seasonal high tides and/or high waves. These 
seasonal events are already causing traffic disruptions and safety concerns, and these events 
will become more frequent and severe long before flooding conditions from sea level rise 

Interim v. Long-Term Solutions 

It is important to note that many past 
responses to coastal erosion may not have 

considered sea level rise, and some 
adaptation measures that are currently 

being pursued, such as beach nourishment, 
may also be “interim” strategies in the face 
of continuing sea level rise. Retreating from 
hazardous areas eliminates risk rather than 

just temporarily reducing it, and may 
simultaneously benefit or preserve coastal 

ecosystems, thereby making retreat 
perhaps the only option over longer time 

frames. 

http://www.dtic.mil/dtic/tr/fulltext/u2/1011509.pdf
http://www.dtic.mil/dtic/tr/fulltext/u2/1011509.pdf
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become permanent. For example, record water levels observed at the Kahului tide gage in 
August 2017 contributed to water flowing across Honoapi‘ilani Highway at Olowalu (Figure 3).  

 

Shoreline armoring has been the historical response for highway protection. Approximately $13 
million was spent from 2012-2015 for two highway protection projects at Ukumehame and 
Launiupoko, and others were planned; however, community concerns relating to construction 
and cumulative impacts of those armoring projects has caused HDOT to at least temporarily 
defer additional projects.  

There has also been renewed conversation within the community toward highway realignment 
strategies. As a result of community engagement, HDOT pursued a minor landward road 
realignment in 2017 via pavement restriping rather than expanding an existing rock revetment 
at Olowalu. If the armoring approach is renewed, it will become increasingly expensive, and less 
effective, to keep the road safe in the face of sea level rise. Regardless of existing armoring, the 
highway is still affected regularly by wave overtopping and remains susceptible to substantial 
damage or destruction from chronic erosion, or an episodic event such as a major coastal storm 
or tsunami.  

Kā‘anapali Conditions 
Kā‘anapali Beach is one of Maui’s primary resort destinations and also may be the most well-
studied beach on Maui. The beach operates as two distinct beach cells, the Kā‘anapali Beach 

Figure 3. Waves overwash Honoapi‘ilani Highway in May 2017 during seasonal high tides.  

These types of high wave flooding conditions will become more frequent and severe long before flooding 
conditions from sea level rise become permanent. Photo: Asa Ellison 
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cell to the north of Hanaka‘ō‘ō Point and the Hanaka‘ō‘ō Beach cell to the south of Hanaka‘ō‘ō 
Point. The shoreline in the Kā‘anapali beach cell is seasonally dynamic, meaning the seasonal 
swell direction determines the beach shape and sand moves between the north and south 
ends. During some particularly energetic seasons, however, the beach narrowing has been 
severe enough to cause damage to backshore infrastructure, such as the beachwalk.  

In contrast, the shoreline within the Hanaka‘ō‘ō beach cell has been undergoing both chronic 
and episodic erosion at a rate that has been accelerating during the last several decades. In 
particular, the beach fronting the Hyatt Resort is an erosion hotspot, where seaward portions of 
the beach walk have been removed and existing sections are undermined. Periodically during 
extreme events in either or both beach cells, temporary erosion mitigation has been deployed, 
including sandbags, road plates, and erosion blankets, but there has not been any permanent 
armoring. 

To proactively manage the erosion conditions at Kā‘anapali Beach, the Kā‘anapali Operations 
Association (KOA) has partnered with the State of Hawai‘i to propose a beach nourishment and 
berm enhancement project for which the Environmental Impact Statement Preparation Notice 
was published in June 2018. Beach nourishment is an adaptive solution that provides an 
alternative to temporary or permanent armoring approaches and is one of the only solutions 
that can provide benefits to both the natural and built environment. Beach nourishment, 
however, can have impacts that have to be carefully mitigated and may have to be repeated, 
therefore it is an interim strategy for rising sea levels. 

North Kā‘anapali and Honokōwai Conditions 
Parts of the North Kā‘anapali Resort (“North Beach”) area, north of Kahekili Beach Park, were 
more recently developed and therefore were subject to larger County setback requirements of 
150 feet for the large lot sizes. As a result of the setback requirements, some of these resort 
buildings are fortunate to be sited behind managed coastal dunes and are mostly or entirely 
outside of the sea level rise exposure area. However, some of the older resorts are sited very 
close to the shoreline and are becoming threatened by high waves and erosion. In the 
Honokōwai area, miles of resort properties have been armored since the 1960s and 1970s, and 
there has been extensive beach loss due to armoring. Also, many of the seawalls in this area 
have been subject to sinkholes and failures in recent years. 

Kahana Conditions 
Kahana Beach may be the most severe example on Maui whereby aging high- density 
condominium resort complexes without sufficient setbacks are now threatened by the impacts 
of chronic coastal erosion and seasonal high waves (Figure 4). Together nine condominium 
properties constitute nearly one-thousand individual units that generate approximately $11 
million annually in State and County tax revenue. Existing shoreline armoring fronting four of 
the area’s nine condominium complexes have contributed to beach loss and have increased 
erosion along neighboring properties.  

http://oeqc2.doh.hawaii.gov/EA_EIS_Library/2018-07-23-MA-EISPN-Kaanapali-Beach-Restoration.pdf
http://oeqc2.doh.hawaii.gov/EA_EIS_Library/2018-07-23-MA-EISPN-Kaanapali-Beach-Restoration.pdf
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A beach nourishment feasibility study was completed in 2016 for Kahana Bay with funding from 
the County of Maui. The study identified and quantified offshore sand resources, and offered 
beach restoration conceptual designs, to demonstrate that a regional beach restoration may be 
a feasible alternative to continued shoreline armoring. Since the completion of the study, and 
with supporting guidance from the County of Maui, a steering committee was formed, including 
an Association of Apartment Owners (AOAO) Board-sanctioned representative from each of the 
nine condominiums and one individual Hawaiian property. The steering committee is 
representing owners in pursuing an Environmental Impact Statement and identifying funding 
options for a regional erosion mitigation solution, likely to involve beach nourishment. As 
previously mentioned, since beach nourishment is effectively considered an interim solution in 
the face of sea level rise, alternatives at Kahana will need to consider projected lifespans of 
various alternatives. 

 

Figure 4. Wave action threatens structures in Kahana.  

Waves overwash a sandbag revetment used for temporary erosion protection fronting the Valley 
Isle Resort in Kahana (photo looking north). Eight of nine condominium properties along Kahana 
Beach currently have some form of temporary erosion protection while planning is underway for 
longer term regional erosion mitigation project. Photo: Tara Owens 

https://www.mauicounty.gov/DocumentCenter/View/106693/092916-FINAL-KAHANA-BEACH---REGIONAL-BEACH-NOURISHMENT-FEASIBILITY-STUDY?bidId=
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Nāpili Bay Conditions 
Nāpili Bay is subject to seasonal and chronic erosion. Unlike some other areas in West Maui, 
there are currently no imminently threatened buildings; however, beach narrowing and 
seasonal impacts to infrastructure, such as the two public beach accesses, are signs of 
worsening conditions. The Nāpili Bay and Beach Foundation (NBBF) is a non-profit organization 
that has been pursuing studies to assess the feasibility of a small scale beach restoration 
project, including a recently completed sand resource study. 

 
Key Challenges 

 
Hawai‘i, and especially West Maui, is uniquely vulnerable to impacts associated with chronic 
and episodic coastal hazards due to our coastal-focused society and economy. 

It appears more and more likely that we will see three feet or more of sea level rise in the latter 
half of this century, within expected lifespans of most existing and new development. Six feet 
or more of sea level rise by the end of the century is even plausible under higher scenarios.  

The Hawai‘i Sea Level Rise Vulnerability and Adaptation Report and the companion Hawai‘i Sea 
Level Rise Viewer (Viewer) provide maps showing future exposure and vulnerability to land and 
structures with sea level rise. This is based on new modeling by the University of Hawai‘i 
Coastal Geology Group (UHCGG) at the School of Ocean and Earth Sciences and Technology 
depicting areas exposed to three types of chronic sea level rise hazards: passive (“bathtub” or 
still-water) flooding; annual high wave flooding; and shoreline erosion (Figure 5) along with a 
vulnerability assessment by Tetra Tech, Inc. 

https://climateadaptation.hawaii.gov/wp-content/uploads/2017/12/SLR-Report_Dec2017.pdf
http://www.pacioos.hawaii.edu/shoreline/slr-hawaii/
http://www.pacioos.hawaii.edu/shoreline/slr-hawaii/
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  Figure 5. Example flooding and Sea Level Rise Viewer imagery.  

Chronic flooding from sea level rise will happen in three primary ways that are depicted in the Hawai‘i 
Sea Level Rise Viewer. The top panel shows the passive flooding model, along with a representative 
photo of passive flooding at Keālia Pond near Mā‘alaea. The middle panel shows the annual high wave 
flooding model, along with a representative photo of high wave flooding in Ukumehame and Olowalu. The 
bottom panel shows the erosion model, along with a representative photo of erosion in Honokōwai. Visit 
the Hawai‘i Sea Level Rise Viewer to explore the full extent of the exposure and vulnerability maps for 
West Maui. 

 

http://www.hawaiisealevelriseviewer.org/
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Each of these hazards were modeled for four future sea level rise scenarios: 0.5 feet, 1.1 feet, 
2.0 feet and 3.2 feet based on the upper end of the Intergovernmental Panel on Climate 
Change Fifth Assessment Report (2013). The footprints of these three modeled hazards were 
combined to define the total projected extent of chronic flooding due to sea level rise, called 
the sea level rise exposure area (SLR-XA). The SLR-XA with 3.2 feet of sea level rise (3.2 SLR-XA) 
was chosen to depict hazards that may occur in the mid to latter half of this century. Exposure 
to 1.1 feet of sea level rise in the SLR-XA is used to approximate current or near-term 
conditions. Visit the Error! Hyperlink reference not valid. (www.hawaiisealevelriseviewer.org) 
to fully explore the exposure and vulnerability maps for West Maui, or to download the 
geospatial data in various formats for use in planning documents.  

Some of the key challenges in West Maui include: 

1. Chronic flooding on 795 acres of nearshore properties. Assuming no adaptation 
measures are employed, Table 1 quantifies impacts in West Maui that could occur 
within the 1.1 foot and 3.2 foot SLR-XA, including chronic flooding of 795 acres of land 
with impacts to 647 buildings. 

Table 1. Impacts in West Maui with 1.1 ft and 3.2 ft of sea level rise. 

 
2. Half of chronic flooding will be on urban lands. Of the 795 acres of land in the 3.2 SLR-

XA that may be chronically flooded, 50% is designated for urban use and 38% is within 
the Maui Island Plan urban growth boundaries. Note that the Maui Island Plan identifies 
lands abutting Lahaina as areas that could provide opportunities for redevelopment or 
expansion away from the shoreline. 

3. Erosion and overwash threats to Honoapi‘ilani Highway. Of the 11 miles of State 
Highway on Maui within the 3.2 SLR-XA, approximately 6.6 miles, or 60%, of that is in 
West Maui along Honoapi‘ilani Highway. This critical transportation corridor was built 
directly behind low-lying beaches and is prone to erosion and wave overwash during 
seasonal high tides and/or high waves and is the primary vehicle access to and from 
West Maui. These seasonal events are already causing traffic disruptions and safety 
concerns, and these events will become more frequent and expansive long before 

 1.1 SLR-XA 3.2 SLR-XA 
Area (acres) 493 795 
Buildings 310 647 
Within State Land Use Urban District (acres) 248 395 
% Urban District 50% 50% 
Within MIP Urban Growth Boundaries (acres) 131 286 
% in MIP Urban Growth Boundaries 27% 36% 
Miles of State Highway 3.3 6.6 
Miles of Road (state, county, & private) 5.1 11.3 
Economic Loss $1,004,338,921 $1,884,776,860 

https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_all_final.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_all_final.pdf
http://www.hawaiisealevelriseviewer.org/


16 
 

flooding conditions from sea level rise become permanent. An additional 4.7 miles of 
county and private roads are also within the 3.2 SLR-XA.  

4. Disproportionately high economic impacts. The economic impacts within the 3.2 SLR-
XA will be disproportionately high in West Maui due to dense development on low-lying 
coastal lands, potentially threatening about $1.9 billion in buildings and property 
(excluding all other infrastructure). This is the highest figure of all of the Community 
Plan Areas for Maui County (Figure 6).  

 

 

5. Gaps in information about threats to infrastructure. The monetary impacts to roads, 
utilities, and other critical infrastructure is still unknown, but is likely to be an order of 
magnitude greater than potential loss of structures and property. A more detailed 
economic loss analysis is needed of Maui’s critical infrastructure, including harbor 
facilities, airport facilities, water and wastewater facilities, and roads. 

6. Shoreline armoring threatens beaches. Shoreline armoring has historically been a 
common response to coastal erosion in Hawai‘i. Maui has completely lost more than 
four miles of beaches, and West Maui has lost more than two miles of beaches, to 
coastal erosion fronting seawalls and other shoreline armoring. Many more miles of 
beach could be lost with sea level rise, if widespread armoring is allowed. Identifying 
interim and long-term alternative adaptive strategies that are feasible for each beach 
cell will require proactive planning. 
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Figure 6. Potential economic loss in the 3.2 SLR-XA 

Shown by Maui Community Plan District, data indicates that West Maui may experience the highest loss of 
all districts. These figures do not include economic value data for roads, water and wastewater lines, and 
other public infrastructure, therefore this an underestimate of economic loss. 
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7. Need for post-disaster pre-planning. While sea level rise impacts are continuing and 
worsening, there will also be episodic events or disasters with regional or island-wide 
impacts. These disasters can provide an opportunity for resilient-focused rebuilding. 
This, however, requires pre-planning and a detailed community visioning process for a 
rebuilding or redevelopment strategy. 

 

Planning Related Strategies 
 

West Maui is already experiencing impacts from coastal hazards, such as flooding, erosion, 
wave inundation, and erosion, in part driven by climate change and sea level rise. Coastal 
resilience is not a stand-alone issue as it will cut across every other community issue or topic, 
including all of the others addressed through these Community Plan Technical Resource Papers. 
The 3.2 SLR-XA has been formally recognized by the County of Maui through a Mayoral 
Proclamation and a County Council Resolution. The Community Plan may provide a venue for 
identifying specific strategies and actions to support the intent of these policy directions, 
although some of these actions may require further planning processes, additional research, 
and/or supportive funding. As West Maui plans for the next 20 years, identifying and 
implementing adaptive strategies will be a central focus and can substantially contribute to a 
more resilient community. The following are some recommendations that may support this 
approach in West Maui and countywide. 

Consider the 3.2 feet Sea Level Rise Exposure Area (3.2 SLR-XA) in planning decisions. 
Though the West Maui Community Plan is intended to guide development over the next 20 
years, planning decisions made today, and resulting development, will have expected life-spans 
extending well into the latter half of this century when three feet or more of sea level rise 
becomes increasingly likely. Therefore, considering the 3.2 SLR-XA throughout the West Maui 
Community Plan is a critical first step in preparing for, adapting to, and avoiding sea level rise 
impacts. As previously noted, many properties in West Maui are already facing emergencies 
due to sea level rise, necessitating expensive and temporary protection measures, while also 
limiting options for longer-term responses that can protect ecosystems, properties, and 
economic drivers. 

Support resilience actions that provide multiple benefits. 
Resilience actions that provide multiple benefits allow for more effective leveraging of 
resources and recognize connection between climate change vulnerability and the broader 
social, economic, and cultural factors impacting quality of life in West Maui. There may be 
many opportunities to enhance resilience to present-day natural hazards, climate change, and 
sea level rise by strategically incorporating accommodation or adaptation measures into 
ongoing community improvement projects and planning efforts. For example, elevating homes 
along the shoreline and within the SLR-XA may provide a way to accommodate future 
inundation. As another example, beach or dune restoration may provide adaptive capacity that 
can protect infrastructure, ecosystem services (natural forms of hazard mitigation, habitat for 
plants and animals, etc), and cultural and recreational activities and sites.  
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Consider sea level rise in designing and siting development. 
Designing and siting of planned new development and capital improvement projects should 
include analysis of sea level rise impacts based on elevation, tolerance for risk, and lifetime of 
the structure. Design standards to increase flood resiliency should be developed for structures 
within the 3.2 SLR-XA that cannot be relocated and that are not exposed to coastal erosion. 

Prioritize new development outside of Sea Level Rise Exposure Area. 
Prioritizing areas outside the boundaries of the 3.2 SLR-XA for new development and smart 
redevelopment is essential to the long-term safety and economic viability of West Maui 
communities. Urban lands outside of the 3.2 SLR-XA that are suitable for smart growth should 
be identified and where possible incentives provided to focus new development and encourage 
smart growth in these areas. This may necessitate updating ordinances to adjust the allowable 
uses, densities, scale of development, and other provisions. 

Limit rebuilding in areas vulnerable to sea level rise. 
Sea level rise will exacerbate existing coastal hazards, such as erosion and coastal inundation, 
placing structures within the sea level rise exposure area at increasing risk for damage. 
Rebuilding activities for these structures should incorporate design elements to enhance 
resilience. In many cases it will be in the best interest of community safety and resilience to 
limit rebuilding activities within the 3.2 SLR-XA. Some examples of strategies to limit rebuilding 
in areas vulnerable to sea level rise include construction setbacks, restricting the ability to build 
hard coastal protection, requiring the removal of structures that come to be inundated as the 
shoreline recedes, facilitate proactive removal of structures before they are threatened and 
become emergencies, and requiring that vulnerable structures have greater levels of flood 
protection. 

Develop innovative and sustainable financing and incentives to support adaptation to sea 
level rise.  
The options for financing adaptation are expanding at international and national levels, 
integrating both public and private capital. It will be important here in Hawai‘i to take steps to 
understand, document, and link financing with the formulation of local coastal adaptation 
actions. The funding resources needed to effectively adapt to sea level rise and coastal impacts 
are unprecedented. The price tag of reducing vulnerability will be high, whether it is spent on 
land purchases for open space and retreat, natural or hybrid adaptation approaches, or more 
traditional hard armoring. Specific local circumstances shape choices of both the best strategy 
for adaptation and the best sources of funding.  

Here in Hawai‘i, tools such as improvement districts and community facilities districts, that are 
commonly used nationwide, are only recently gaining attention. These types of districts fund 
specific projects in a designated area and are among the most effective ways of forming and 
funding public-private partnerships. For example, the Waikīkī Beach Special Improvement 
District was created in 2015 by City & County of Honolulu ordinance to preserve and restore 
Waikīkī Beach and to provide consistent and credible management for future beach 
revitalization. A similar funding strategy is being evaluated for regional erosion mitigation at 
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Kahana Beach (see section on “Existing Conditions”). As another example, financing options 
may be able to help establish land swap or transfer of development rights programs to facilitate 
the retreat of development outside of the SLR-XA. 

Conduct detailed vulnerability assessments for existing critical infrastructure.  
In-depth assessments of the vulnerability and potential adaptation strategies (relocate, retrofit, 
or protect) should be conducted for critical infrastructure (roads, wastewater facilities, etc.) 
within the 3.2 SLR-XA boundaries. It is important to note that critical infrastructures are 
especially vulnerable to sea level rise as a result of their long lifespan and low risk tolerance. 
Given these factors, the State SLR Report recommends that critical infrastructure consider 
higher sea level scenarios approaching 4-5 feet. The City and County of Honolulu Climate 
Change Commission recently recommended using 6 feet in plans for critical, low-tolerance, 
long-lived infrastructure. A 2017 NOAA technical report found that sea level rise of 6.5 to 8.6 
feet by 2100 is plausible in the upper (more extreme) end of predictions. To this end, more 
detailed economic loss analysis is needed for West Maui’s critical infrastructure, including 
Lahaina Harbor, Honoapi‘ilani Highway and other roads, and wastewater facilities. There are 
potential benefits in terms of long-term cost savings from implementing adaptation measures 
now compared to the cost of maintaining and repairing chronically threatened public 
infrastructure over the next 30 to 70 years.  

Commission additional sea level rise exposure modeling for six feet or more of sea level rise 
to use in vulnerability assessments of critical infrastructure.  
This is complementary to the planning strategy above. Since critical infrastructure (roads, 
wastewater facilities, etc.) is especially vulnerable to sea level rise due to long lifespans and low 
risk tolerance, an adequate vulnerability assessment would requires additional exposure 
modeling (i.e. high wave flooding and erosion) for higher sea level rise scenarios. These 
exposure models for sea level scenarios above 3.2 feet are not currently provided in the 
Statewide Sea Level Rise Report and Viewer. There is a passive flooding exposure model for 
higher sea level rise scenarios available in the NOAA Sea Level Rise Viewer; however, passive 
flooding does not adequately represent the hazards faced in West Maui, particularly when 
seasonal high waves are combined with higher sea levels. University of Hawai‘i School of Ocean 
and Earth Science and Technology could be commissioned to provide additional exposure 
modeling for the necessary information to conduct comprehensive vulnerability assessments. 

Integrate sea level rise into capital improvement planning for all County Departments and 
public facilities. 
Sea level rise should be considered in developing and approving capital improvement budgets 
and plans. This includes retrofitting current infrastructure in the 3.2 SLR-XA for enhanced 
resilience and prioritizing infrastructure improvements in areas outside of the 3.2 SLR-XA. The 
design and siting of planned new development and capital improvement projects should 
include an analysis of sea level rise impacts based on elevation, tolerance for risk, and the 
lifetime of the structure(s).  

 
 

https://coast.noaa.gov/slr/
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Develop an inventory of private wastewater systems (septic systems, cesspools) that may be 
affected by sea level rise. 
This is complementary to other planning strategies regarding infrastructure above with a focus 
on individual private systems. With continuing impacts from high waves, erosion, and ground 
water flooding these systems may become non-functional and contribute to degraded water 
quality. 

Develop an inventory of natural and cultural resources and practices impacted by sea level 
rise along with preservation plans. 
Identify current types of impacts occurring as well as anticipated future impacts, along with 
potential responses. Identifying existing natural features and physical structures is an easy first 
step, however, there may also be significant impacts to place-based practices. For example, as 
shoreline access changes due to sea level rise, there should be specific plans to preserve access 
to important coastal lands. As another example, there have been recent conversations on Maui 
about characterizing changes, either positive or negative, to the fishing grounds associated with 
the muliwai where the waters of streams meet the ocean. 

Inventory and evaluate shoreline access locations. 
The County of Maui is currently finalizing an update to the shoreline access inventory for Maui, 
Moloka‘i, and Lana‘i. There is also a West Maui Beach Access Database (2016) that was 
developed by the West Maui Community Fund. These databases can provide a baseline for 
planning purposes and to monitor changes to shoreline access. Some shoreline access locations 
and coastal lands may become inaccessible due to sea level rise, and there should be plans or 
strategies to preserve access. 

Enhance community resilience through expanded parklands and open space. 
Wetlands, beaches, and floodplains provide critical protection against inundation from sea level 
rise and increased storm events. Strategically expanding park lands and establishing new parks 
to provide buffer areas around wetlands, beaches, and floodplains will allow for natural 
migration and expansion of these areas as sea levels rise. In some cases it may be advisable to 
limit new development or rebuilding activities in these buffer areas to preserve the important 
flood mitigation services and wildlife habitat they provide.  

Consider adjusting Special Management Area (SMA) boundaries to coincide with the 3.2 SLR-
XA. 
Revised and updated SMA policies, objectives, and requirements offer additional opportunities 
at the local level to prepare for sea level rise. It might be prudent to consider adjusting SMA 
boundaries and policies to coincide with the SLR-XA so that new subdivisions, commercial 
areas, hotels, and other development activities could undergo a higher level of review in light of 
sea level rise constraints. 

Consider adjusting shoreline development setbacks based on new information about SLR 
exposure. 
Maui County established erosion-rate based shoreline building setbacks in 2003. At the time, 
Maui was the first county in the state to take this science-based planning approach, and other 
counties have already adopted or are considering similar policies. This policy has been 
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successful in siting new development away from the shoreline for protection and improved 
community and ecosystem resilience. However, the existing setback formula only considers 
historical erosion and does not factor in worsening conditions due to sea level rise. The County 
is currently proposing revisions to further strengthen shoreline setbacks given new information 
about potential sea level rise exposure. Retreating from hazardous areas eliminates risk to 
coastal structures rather than just temporarily reducing it, and may simultaneously benefit or 
preserve coastal ecosystems, thereby making retreat perhaps the only option over longer time 
frames. 

Explore options for beach and coral reef preservation. 
Beaches and reefs are important community resources and economic assets for West Maui. 
Beaches and reefs are also a natural form of hazard mitigation by serving as the first lines of 
defense for coastal development against waves and erosion. Strategies for beach preservation 
should be explored to proactively identify areas for adaptation and areas for landward 
migration of beaches before important ecosystem services are lost. This would be consistent 
with recommendations from the Maui Beach Management Plan to prepare individual beach 
management plans on a beach cell basis. Further, the State Sea Level Rise Report recommends 
development of public-private partnerships for beach preservation, including financing 
strategies for adaptation. For example, a special improvement district or community facilities 
district is being evaluated for Kahana Beach in order to implement a proposed regional erosion 
mitigation project that may involve beach restoration (see section on “Existing Conditions”). For 
coral reefs, plans or actions from the West Maui Ridge to Reef Initiative should be explored and 
integrated into the Community Plan where possible. 

Adopt siting and design standards to enhance resilience in public housing and affordable 
housing projects. 
Siting and design standards should be established to enhance resilience in public and affordable 
housing projects. This might include ensuring that housing is developed in locations outside of 
tsunami zones, flood zones, and the 3.2 SLR-XA. Design standards could include considerations 
for climate change-induced stressors, such as heat waves, that may be especially harmful to 
vulnerable populations. This might include design measures for improved air circulation or 
cooling systems, and water and energy efficiency. 

Plan for disaster impacts and recovery. 
Effective recovery planning before a disaster enhances a community’s ability to build back 
smarter and more resilient in the aftermath of a disaster. If done ahead of a disaster, there is an 
opportunity to re-think priorities and to explore alternative development patterns while 
considering the long-term impacts of sea level rise.  

Pre-disaster planning considers the objectives, resources, and needs of the community and 
guides post-disaster decisions and investments in a strategic fashion (FEMA 2017). 
Communities that engage in disaster recovery planning achieve more success in accessing 
funding and improving resilience through the recovery process. Some initial community-based 
planning for resilient-focused disaster rebuilding was initiated by the County of Maui and 
documented in the report “Post-disaster Reconstruction Guidelines and Protocols for the 
Conservation of Coastal Resources and Protection of Coastal Communities, Maui County, 
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Hawai‘i” (County of Maui 2015). Building on the Maui-based community engagement and 
findings, additional statewide guidance is currently being finalized under a 2016 NOAA Regional 
Coastal Resilience grant. However, more extensive community visioning will be needed for 
West Maui to be prepared for decisions and opportunities after a disaster. For example, a plan 
could identify sites that are most suitable for rebuilding after a disaster and identify strategies 
to implement or incentivize relocation. 
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Appendix A | Narrative, Policies and Action Items from the General 
Plan 
 
Countywide Policy Plan (2010) 
• Page 14: Identifies sea level rise as an important planning variable and suggests that sea 

level rise may rise up to 1 meter (3 feet) by 2100. 

• Page 46, Policy e: Protect undeveloped beaches, dunes, and coastal ecosystems, and 
restore natural shoreline processes. 

• Page 46, Policy f: Protect the natural state and integrity of unique terrain, valued natural 
environments, and geological features. 

• Page 47, Policy f: Strengthen coastal-zone management, re-naturalization of shorelines, 
where possible, and filtration or treatment of urban and agricultural runoff. 

• Page 48, Policy d: Improve efforts to mitigate and plan for the impact of natural disasters, 
human influenced emergencies, and global warming.  

• Page 48, Policy l: For each shoreline community, identify and prioritize beach-
conservation objectives, and develop action plans for their implementation. 

• Page 74, Policy g: Restrict development in areas that are prone to natural hazards, 
disasters, or sea-level rise. 

Maui Island Plan (2012) 
• Heritage Resources, page 2-21, Policy 2.2.1.d: Incorporate the following into the MIP, 

where consistent with the MIP: (1) Beach Management Plan for Maui. 

• Heritage Resources, page 2-22, Policy 2.2.2.e: Strictly regulate shoreline armoring in 
accordance with adopted Shoreline Rules, with an intent to protect the coastal and 
marine ecosystem. 

• Natural Hazards, page 3-8, Policy 3.1.2.a: Identify critical infrastructure, lifelines, roads, 
and populations that are vulnerable to coastal hazards, and encourage strategic retreat 
and relocation to safer areas. 

• Natural Hazards, page 3-8, Policy 3.1.2-Action 3: Develop a Post-Disaster Recovery and 
Reconstruction Plan that will ensure Maui’s resilience to coastal hazards. 

• Natural Hazards, page 3-8, Policy 3.1.2-Action 4: Develop plans and/or incentives to do 
the following: 

(1) Encourage rebuilding inland as an alternative to shoreline hardening; 

(2) Streamline the reconstruction of structures that are moved substantially inland; 
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(3) Encourage the relocation of existing structures so they are away from shoreline 
areas; and 

(4) Encourage the relocation of vulnerable coastal roads that are susceptible to 
destruction from natural hazards, such as a portion of North Kīhei Road and the Pali to 
Puamana realignment. 

• Natural Hazards, page 3-8, Policy 3.1.2-Action 5: Periodically update the shoreline rules to 
enable the Maui Planning Commission to provide safe setbacks from the shorelines and 
incorporate best management practices. 

• Natural Hazards, page 3-8, Policy 3.1.2-Action 6: Use and update the Federal Emergency 
Management Agency-Digital Flood Insurance Rate Maps (DFIRM) in the permitting 
process to minimize development in flood-prone areas. 

• Natural Hazards, page 3-9, Policy 3.1.2-Action 7: Following each coastal erosion disaster, 
identify and document the new shoreline position to be used for reviewing future 
development. 

• Natural Hazards, page 3-9, Policy 3.1.2-Action 9: Update coastal-planning requirements to 
factor in incremental effects of rising sea levels. 

West Maui Community Plan (1996) 
• Land Use, page 15, Objective/Policy 8: Where possible, relocate the Honoapi‘ilani Highway 

south of Puamana in order to reduce potential inundation and disruption of service due to 
storm-generated wave action. 

• Environment, page 22, Objective/Policy 7: Preserve, protect and/or nourish the shoreline 
sand dune formations throughout the planning region. These topographic features are 
essential to beach preservation and a significant element of the natural setting that 
should be protected. 

• Environment, page 22, Objective/Policy 11: Prohibit the construction of vertical seawalls 
and revetments except as may be permitted by rules adopted by the Maui Planning 
Commission governing the issuance of Shoreline Management Area (SMA) emergency 
permits, and encourage beach nourishment by building dunes and adding sand as a 
sustainable alternative. 

• Environment, page 22, Objective/Policy 14: Protect the shoreline and beaches by 
preserving waterfront land as open space wherever possible. This protection shall be 
based on a study and analysis of the rate of shoreline retreat plus a coastal hazard buffer 
zone. Where new major waterfront structures or developments are to be approved, 
preservation should be assured for 50-100 years by employing a shoreline setback based 
on the rate established by the appropriate study. 

• Environment, page 23, Objective/Policy 16: Create a coastal improvement district 
emphasizing the equal preservation of both coastal lands and beaches through the 
adoption of zoning and land use controls that encourage compatible development in safe 
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areas, provide for the long-term economic needs of beach and dune nourishment and 
maintenance, and enable strategic retreat from the coast wherever feasible through a 
program of land acquisition, economic incentives, and specific construction guidelines. 

• Environment, page 23, Action 6: Study the desirability of a National Seashore designation 
for West Maui. 
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