


Resolution

No.

SUPPORTING THE RECOMMENDATIONS IN
THE HAWAI'l SEA LEVEL RISE VULNERABILITY
AND ADAPTATION REPORT

WHEREAS, rapid warming of the atmosphere and oceans, caused
by centuries of unabated greenhouse gas emissions, is causing increased
rates of sea level rise, unprecedented in human history, that threaten
natural environments, important cultural sites, and development on low-
lying coasts; and

WHEREAS, the State of Hawai’i, the only state in the United States
comprised entirely of islands, is especially vulnerable to impacts of sea
level rise, with approximately 750 miles of coastline and extensive
development in low-lying areas; and

WHEREAS, the Hawai'i Sea Level Rise Vulnerability and Adaptation
Report (“Report”), attached hereto as Exhibit “1,” was initially mandated
by Act 83, Session Laws of Hawaii 2014 (Hawai'i Climate Change
Adaptation Initiative) and expanded by Act 32, Session Laws of Hawai'i
2017 (Hawai'i Climate Change Mitigation and Adaptation Initiative); and

WHEREAS, the Report, approved by the Hawai’i Climate Change
Mitigation and Adaptation Commission in December 2017, provides the
first statewide assessment of Hawai'i’s vulnerability to sea level rise,
including recommendations to reduce our exposure and sensitivity to sea
level rise and increase our capacity to adapt; and

WHEREAS, the Report conducted modeling, using the best available
scientific data and methods, to determine the potential future exposure of
each island to passive flooding and, where data was available, annual high
wave flooding and coastal erosion as a result of sea level rise; and

WHERAS, the Report’s Sea Level Rise Exposure Area is based on 3.2
feet of Sea Level Rise (3.2 SLR-XA) and depicts areas that are at risk of
chronic flooding in the middle to latter half of this century; and



Resolution No.

WHEREAS, the Report recommends that community planning
efforts consider the 3.2 SLR-XA now for planning processes and decisions;
and )

WHEREAS, with 3.2 feet of sea level rise on Maui, approximately
3,130 acres of land and nearly three hundred structures would be
chronically flooded, and more than eleven miles of major coastal roads
would become impassible, jeopardizing critical access to and from many
communities; and

WHEREAS, with 3.2 feet of sea level rise on Molokai, approximately
two thousand six hundred acres of land and over four hundred structures
would be chronically flooded, and approximately two miles of coastal roads
would become impassible, jeopardizing critical access to many
communities; and

WHEREAS, with 3.2 feet of sea level rise on Lanai, approximately
three hundred eighty acres of land and about one dozen structures would
be chronically flooded; and

WHEREAS, the Report included the following nine
recommendations, along with forty-nine actions, designed to provide
guidance for State and County agencies, communities, and other
stakeholders for improving our capacity to adapt to sea level rise and to
support a multi-sectoral and holistic response to adaptation, building on
existing efforts and considering challenges and new opportunities:

1) Support sustainable and resilient land use and community
development;

2) Prioritize smart urban redevelopment outside the SLR-XA and
limit exposure within the SLR-XA,;

3) Incentivize improved flood risk management;

4) Enable legacy beaches to persist with sea level rise;

S) Preserve Native Hawaiian culture and communities with sea
level rise; .

6) Protect nearshore water quality from sea level rise impacts;

7) Develop innovative and sustainable financing and incentives
to support adaptation to sea level rise;

8) Support research, assessment, and monitoring to support
adapatation to sea level rise; and

9) Promote collaboration and accountability for adapting to sea
level rise; now, therefore,



Resolution No.

BE IT RESOLVED by the Council of the County of Maui:

1. That the Council supports the nine recommendations in the
Hawai'i Sea Level Rise Vulnerability and Adaptation Report;
and

2. That the Council urges the Department of Planning to
incorporate the Report’s analysis, findings, and
recommendations into the General Plan and Community
Plans; and

3. That it urges all County departments and agencies to use the
information and implement the recommendations in the
Report and the 3.2 SLR-XA in their plans, programs, and
capital improvement decisions, to mitigate impacts of sea level
rise, particularly those related to infrastructure and critical
facilities; and

4. That certified copies of this resolution be transmitted to the
Mayor, Managing Director, Planning Director, University of
Hawai'i Sea Grant College Program, and the Hawai'i Climate
Change Mitigation and Adaptation Commission.

APPROVED AS TO FORM AND LEGALITY

L —

Deputy Corporation Counsel
County of Maui

paf:tntf:18-042¢
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DISCLAIMER. This report is a tool to estimate the scale and cost of potential flooding and erosion with sea
level rise. The exact location of flooding and economic costs from damages are estimates. Flood maps are
in the range of 80 percent probability. Damage estimate costs are conservative. The data, maps, and
recommendations provided should be used only as a screening-level resource to support management
decisions to address sea level rise. As with all remotely sensed data, all features should be verified with a
site visit. The risk associated with use of the results is assumed by the user. This report should be used
strictly as a planning reference tcol and not for permitting, or other legal purposes.
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management through support to a state-wide Community Rating System program, encouraging property
owners outside currently regulated flood zones to purchase flood insurance, and incorporate sea level rise
in hazard mitigation plan updates and disaster recovery frameworks.

Recommendations 4, 5, and 6 address cultural and environmental vulnerabilities that underpin resilient and
sustainable land use and community development. A state-wide assessment of legacy beach conservation
priorities is suggested as a Recommended Action under Recommendation 4 for enabling beaches to persist
with sea level rise. An inventory, protocols, and process are needed to preserve Native Hawaiian culture
and communities with sea level rise as part of Recommendation 5. For Recommendation 6, a
comprehensive review of environmental regulations that allow for the siting of environmental hazards, such
as hazardous materials/waste storage facilities and onsite wastewater storage systems is needed to protect
nearshore water quality with rising seas.

Finally, cross-cutting recommendations include developing funding sources and incentives for adaptation
(Recommendation 7), supporting research, assessment, and monitoring of changing conditions
(Recommendation 8), and promoting collaboration and accountability for adaptation (Recommendation 9).
These cross-cutting recommendations highlight the need to engage diverse stakeholders in making
complex decisions about addressing the impacts of sea level rise. Recommendation 7 highlights the very
real need to address the cost of adaptation by exploring both funding sources and incentives while
Recommendation 8 is fundamental to a learning approach to adaptation which involves conducting
research, assessments, and monitoring needed to update the Report and other “living” outputs.

This Report should serve as a baseline for understanding the most probable impacts of sea level rise and
should be used to as a tool by the decision makers of the State, the Counties, and community leaders.
Recommendations to increase our capacity to adapt to sea level rise are described, but do not lay out a
plan for implementation. The Hawai'i Climate Commission provides a collaborative muitisectoral forum for
furthering discussions on how, when, and where to implement many of these recommendations. Some
recommendations were identified through stakeholder consultations as priorities to be fast-tracked for
discussion and action. In addition, sequencing considerations and synergies among the recommendations
need to be recognized and planned for. Overall, we have enough information now to take action to address
the inevitable near and medium-term rise of sea level.
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The Hawai'i State Planning Act (Hawai'i Revised Statutes (HRS), Chapter 226) was amended in 2011 to
include Sustainability Priority Guidelines and Principals (Act 181, SLH 2011). These guidelines were
created to encourage collaboration needed to promote and implement sustainability through economic,
social, community, and environmental priorities, through planning that respects and promotes living within
the naturaf resources and limits of the State, by promoting decisions based on meeting the needs of the
present without compromising the needs of the future, considering the principles of the ahupua‘a system
and emphasizing that everyone has the responsibility for achieving a sustainable Hawai'i.

The Hawai'i State Planning Act was again amended in 2012 with the addition of the Climate Change
Adaptation Priority Guidelines (Act 286) {Box 1). These guidelines were created to encourage the
collaboration needed to address climate change by recognizing that impacts will occur in multiple sectors
including agriculture, conservation lands, coastal and nearshore marine areas, natural and cultural
resources, education, energy, higher education, health, historic preservation, water resources, the built
environment, and the economy (State of Hawai‘i Senate 2012).

In 2013, Hawai'i became the first sub-national signatory of the International Majuro Declaration for Climate
Leadership after then-Governor Neil Abercrombie became one of eight governors appointed by the U.S.
President to the State, Local, and Tribal Leaders Task Force on Climate Preparedness and Resilience.

The 2014 Hawai'i State Legislature unanimously passed Senate Concurrent Resolution 69 (SCR 69),
“Endorsing and Supporting the Aloha+ Challenge.” The Aloha+ Challenge, He Nohona ‘Ae‘oia - A Culture
of Sustainability, is guided by and builds upon the sustainability definition, goals, and principles (Box 2)
which established sustainability as a State priority.

In 2014, the Hawai'i State Legislature also passed Act 83, which formally established The Hawai’ Climate
Adaptation Initiative to enable a coordinated approach among all agencies at all levels of government to
plan for and address the effects of climate change to protect the State's economy, health, environment, and
way of life. Act 83 established a coordinating body to carry out this mission known as the Interagency
Climate Adaptation Committee (ICAC) composed of State and County government representatives. Their
first task was to develop this Report to address the state-wide impacts of sea level rise. In addition, they
were also tasked to develop plans and policy recommendations for action, and with the coordination of the
State of Hawai'i Office of Planning (Office of Planning), to then use this Report as a model framework for
addressing other climate threats and priorities.
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On the high end, “business as usual” scenario, RCP8.5 assumes that no reduction in GHGs will occur over
the period modeled (Figure 16). Uncertainty of the projections increases with time as indicated by the
increasing width of the projection after the year 2050. The RCP8.5 scenario was used in the Report to
model exposure to sea level rise at 0.5 feet in 2030, 1.1 feet in 2050, 2.0 feet in 2075, and 3.2 feet in 2100.
The decision to use the upper limit of the IPCC projections was initially made out of precaution—to assess
what is potentially vulnerable to sea level rise. Climate science and sea level rise projections have continued
to evolve since the IPCC AR5 and throughout the development of this Report. Sea level observations and
trends in the latest scientific literature suggest that 1.1 feet of sea level rise could be reached intermittently
in Hawai'i over the next couple of decades and sustained before mid-century. Local projections of sea level
rise for Honolulu using the IPCC model but incorporating regional and local factors that influence sea level,
suggest a'slightly higher range of mean sea level rise of 2.0 feet (0.6 meters) to 3.6 feet (1.1 meters) in
2100 using the RCP 8.5 scenario (Kopp et al. 2014).

The recently released CSSR (USGCRP 2017) reports that relative to the year 2000, global mean sea level
is very likely to rise 0.3 to 0.6 feet (9 to 18 cm) by 2030, 0.5 to 1.2 feet (15 to 38 cm) by 2050, and 1.0 to
4.3 feet (30 to 130 cm) by 2100 with very high confidence in lower bounds; medium confidence in upper
bounds for 2030 and 2050; and low confidence in upper bounds for 2100. Future pathways have little effect
on projected global mean sea level rise in the first half of the century, but significantly affect projections for
the second half of the century (high confidence). Emerging science regarding Antarctic ice sheet stability
suggests that, for high emission scenarios, a global mean sea level rise exceeding 7.9 feet (2.4 m) by 2100
is” physically plausible”, although the probability of such an extreme outcome cannot currently be assessed.
Regardless of pathway, it is extremely likely that global mean sea level rise will continue beyond 2100 (high
confidence).

The IPCC is currently working toward its 6th Assessment Report (AR6) which will be finalized in 2021;
although a special report on climate change and the oceans and the cryosphere is expected to be released
by the IPCC before the next assessment report. In the meantime, new scientific research continues to
emerge providing insights into climate change and sea level rise. Antarctica, alone, has the potential to
contribute more than 3.0 feet (1.0 meter) of sea level rise by 2100 if emissions continue unabated (Figure
11). Atmospheric warming will become the dominant driver of ice loss but prolonged ocean warming will
delay recovery of ice sheets and glaciers for thousands of years (DeConto and Pollard 2016).

According to a recent National Oceanic and Atmospheric Administration (NOAA) report (Sweet et al. 2017)
looking at the most up-to-date scientific literature on sea level rise projections, global mean sea level rise
in the range of 6.4 feet (2.0 meters) to 8.8 feet (2.7 meters) is “physically plausible” by the end of this century
(Sweet et al. 2017), which is much higher than the worst case IPCC AR5 projections shown in Figure 16.
These high-end projections are based on observations and models of potential rapid ice melt in Greenland
and Antarctica. Further, the NOAA 2017 report indicates that sea level rise in the area around Hawai‘i and
other “far-field” areas in the tropical oceans will exceed projections of global mean sea level rise due to
mass and gravitational changes with the melting of the Greenland and Antarctic ice sheets (Figure 17)
(Sweet et al. 2017).
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Data Inputs. Data used in modeling passive flooding included the global sea level rise projections
discussed above, DEMs, and the mean higher high water (MHHW) datum. A DEM is a three-dimensional
(3D) representation of a terrain surface. DEMs are derived from aerial light detection and ranging (LiDAR)
data. DEMs used in this study are freely available from NOAA and the U.S. Army Corps of Engineers
(USACE) and include nearshore bathymetry.

Hazard modeling for passive flooding used DEMs with either 1-meter (i.e.1x1 meter) or 3-meter grid cells
in order to capture the full extent of flooding for 3.2 feet of sea level rise for all islands (Figure 20). The 1-
meter resolution DEM was compiled by the Coastal Geology Group at UH SOEST and derived from USACE
2013, 1999-2003Topo/Bathy LIDAR data surveys and UH SOEST multi-beam and side-scan sonar data.
This dataset includes both terrain and bathymetric LiDAR returns. The horizontal positional (locational)
accuracy root mean square error at the 95% confidence interval (RMSE 95%) of the DEM is better than 1.0
meter while the vertical positional accuracy is 0.09 meters (9 centimeters) for the terrain LiIDAR, 0.125
meters (12.5 centimeters) for shallow bathymetric returns, and 0.20 meters (20 centimeters) for deeper
water returns. The NOAA 3-meter DEM incorporates LIDAR data sets collected between 2003 and 2007
from NOAA, FEMA, the State of Hawai'i Emergency Management Agency, and the USACE (NOAA National
Centers for Environmental Information 2017). The high-resolution DEM (1-meter), which covers terrain near
the shoreline, was combined with the lower-resolution DEM (3-meter), which covers more inland terrain, to
expand the overall coverage of the DEM for modeling passive flooding. All DEMs were processed using a
smoothing algorithm to remove buildings, trees, and other features to create a “bare-earth” topographic
surface.

The horizontal and vertical positional accuracies of the DEMs conform to FEMA fiood hazard mapping
standards (FEMA 2012). Those standards specify a maximum horizontal (location) accuracy of 3.3 feet (1.0
meter) and a vertical (elevation) accuracy of no more than 1.0 feet (0.3 meters) based on the RMSE 95%.
The DEMs used in this study were adjusted vertically from ellipsoid heights to match a local tidal datum
based on local mean sea level using a single offset value calculated by NOAA and derived from tidal
benchmarks for each island (NOAA 2017a).

The MHHW datum was used as a reference (base-level) height for modeling sea level rise. The MHHW
datum is the average of the higher high water height of each tidal day observed over the National Tidal
Datum Epoch (1983 to 2001).

Modeling Approach. Passive flooding was modeled using the DEMs in GIS software to identify areas
below a certain sea level height (flooded by sea level rise) when raising water levels above current MHHW
tidal datum. Water levels are shown as they would appear during MHHW, or the average higher high water
height of each tidal day (NOAA 2013). The area flooded was derived by subtracting a tidal surface model
from the DEM. For more information on the methods employed refer to Cooper et al. (2012) and Cooper et
al. (2013). For quality control, modeled flooded areas were compared against known elevations. Example
maps of modeled passive ﬂooding for Punalu‘u, O'ahu with 1.1 and 3.2 feet of sea level rise are provided
in Figure 21.
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Annual peak wave periods are the median of all wave periods corresponding to extreme wave heights
within one standard deviation of the annual maximum significant wave height from the GEV analysis. To
determine the annual peak wave direction, the above procedure was repeated on subsets of historical wave
heights, where each subset only included waves that approached from a prescribed 30° directional window
with 15° overlap between windows. For example, one subset contained only waves whose hourly peak
directions were between 0-30°N, while another window contained waves whose hourly peak directions were
between 15-45°N.

The maximum peak direction was defined as the center of the directional window with the largest significant
wave height and peak wave period, which typically coincided with waves arriving parallel to the shore. On
occasion, the largest significant wave height and peak wave period were not in the same directional window;
in these circumstances, expert elicitation was used to determine the appropriate window.

Hazard modeling for annual high wave flooding used the higher resolution, but narrower landward-extent,
1-meter DEM.

Modeling Approach. Annual high wave fleod modeling was conducted only for Maui, O‘ahu, and Kaua'i
and did not cover all shorelines (Figure 24). Computer model simulations of future annual high wave
flooding were conducted by UH SOEST using the XBeach (for eXtreme Beach behavior) numerical model
developed by a consortium of research institutions (Deltares 2017). Key inputs and outputs of the madel
are shown in a simplified schematic diagram in Figure 23. The model propagates the maximum annually
recurring wave from roughly 15 to 35 meter water depth, over the reef, and to the shore, along one-
dimensional (1D) cross-shore profiles extracted from a 1-meter DEM. Profiles are spaced 20 meters apart
along the coast. This approach was used to model the transformation of the wave as it breaks across the
reef and includes shallow water wave processes such as wave set-up and overtopping.

Maximum surface elevation and depth of the annual high wave flooding is calculated from the mean of the
five highest modeled water elevations at each model location along each profile. Qutput from the
simulations is interpolated between transects and compiled in a 5-meter map grid. Depth grid cells with
values less than 10 centimeters are not included in the impact assessment. This was done to remove very
thin layers of water excursions that (1) are beyond the accuracy of the model and (2) might not constitute
a significant impact to land and resources when only accurring once annually. Any low-lying flooded areas
that are not connected to the ocean are also removed. Example maps of modeled high annual high wave
flooding for 1.1 and 3.2 feet of sea level rise are shown in Figure 25.
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Assumptions and Limitations. The historical wave parameters used to model annual high wave flooding
do not include possible changes to future wave characteristics related to climate change. The historical
wave records used in this study only extend back to the year 2010; annual wave statistics would be
improved with a longer time series of wave data. However, tests (using data from a wave buoy) that
compared annual wave statistics over a 30-year time span with annual wave statistics over several
truncated, 6-year time spans showed that the significant wave heights differed by only about 5%.

Annual high wave flood modeling did not cover all shorelines (Figure 24). The maximum annually recurring
wave parameters (significant wave height, period, direction) were statistically determined using historical
wave climate records and do not include potential changes in future wave climate or the effects of storm
surge. In addition, in some cases the extent of the 1-meter DEM limited the extent of flooding modeled as
is reflected in a straight edge of landward results from 3.2 feet of sea level rise in Figure 25. The maximum
annual wave heights (and periods) do not account for less-frequently occurring wave events that can take
place in any given year. For example, a 1-in-10 year wave event would not be included in this wave
modeling.

Changes in shoreline location due to coastal erosion are not included in this modeling. As shown in
Anderson et al. (2015) and this Report, the vast majority of beaches are expected to undergo increasing
erosion and shoreline retreat with increasing sea level rise. As shorelines retreat, annual high wave flooding
will reach farther inland along retreating shorelines. Waves are propagated along a “bare earth” DEM which
is void of shoreline structures, buildings, and vegetation, and therefore depicts the potential of wave
flooding. Waves are assumed to flow over an impemeable surface. The DEM represents a land surface at
one particular time, and may not be representative of the beach shape during the season of most severe
wave impact, particularly for highly variable north and west-exposed beaches.

The 1D wave modeling used in this study will be less accurate in areas where the reef shape and depth is
highly variable along the coast. Two-dimensional (2D) models that account for alongshore movement in
waves and run-up are available, but require extensive manpower to set up, long computer processing times,
and are less tested. Harbors and other unexposed coasts (e.g., Kane‘che Bay) are generally not modeled
because the 1D model! cannot account for circulation patterns and surges that would require 2D modeling.
Undesirable artifacts of 1D modeling also include over-predicted flooding aleng transects with deep, shore-
perpendicular indentations in the sea bottom such as nearshore reef channels. The 1D modeling does not
account for the presence of nearby shallow reef which refracts and dissipates some of the wave energy
traveling through the channel toward the shore. Benthic habitat (reef) maps of Hawai'i were used to estimate
bottom roughness (BAE Systems Sensor Solutions Identification & Surveillance 2007). However, the wave
flooding model may be improved in future efforts through local field experiments to validate effects of bottom
roughness on water flow across the reef.
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Data Inputs. Historical data used to model coastal erosion consisted of: (1) historical shoreline positions
and erosion rates measured from high-resolution (0.5 meters) ortho-rectified aerial photographs and NOAA
topographic charts dating back to the early 1900s (Fletcher et al. 2012, Romine et al. 201 3), and (2) beach
profile field surveys data collected between 1994 and 2008 by UH, initially for the U.S. Geological Survey
(USGS) (Gibbs et al. 2001, Fletcher et al. 2012). The vegetation line was identified in the most recent aerial
photography dating from 2006 to 2008.

Modeling Approach. Coastal erosion modeling was conducted for sandy shorelines of Maui, Kaua‘i, and
O‘ahu (Figure 27). Modeling was conducted by UH SOEST by combining historical shoreline change trends
with the Davidson-Amott profile model! of beach response to sea level rise (Davidson-Arnott 2005) in order
to estimate probabilities of future exposure to erosion at transects (shore-perpendicular measurement
locations) spaced approximately 20 meters apart along the shoreline (Anderson et al. 2015). Coastal
erosion modeling was not conducted for the islands of Moloka‘, Lana'i, and Hawai'i due to the fack of
historical erosion data (Figure 26).

While Hawai'i has an overall trend of beach erosion, shoreline trends are highly variable at the scale of
individual beaches. It is not uncommon to find a long-term trend of erosion in one section of beach with
accretion (beach growth) in an adjoining area due to localized waves and sand transport. The model from
Anderson et al. (2015) accounts for localized alongshore variability in shoreline change by incorporating
trends from historical erosion mapping studies.

The output of the modeling is the estimated exposure zone to future erosion hazards. The exposure zones
extend landward from the current-day shoreline (vegetation line) up to the 80% cumulative probability
contour for each of the four sea level rise scenarios. Based on the model and sea level rise scenario, there
is an 80% probability that land that will be impacted by erosion will be confined within the exposure zone at
that particular time. Example maps of flooding due to coastal erosion with 1.1 and 3.2 feet of sea level rise
are shown in Figure 28.
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This kind of unique contribution analysis? helps to compare the extent and nature of each hazard's potential
harm and underscores the importance of multi-hazard modeling compared to single hazard modeling (e.g.,
bathtub alone), which would severely underestimate actual land and economic losses form a multi-faceted
hazard such as sea level rise. Further, this approach helps to address some of the gaps in the horizontal
extent (e.g., shoreline coverage for coastal erosion and annual high waves) and vertical extent (e.g.,
landward coverage of DEMs) of coastal hazards modeling noted earlier.

Potential economic loss is based on the value of the land and structures from the county tax parcel database
permanently lost in the SLR-XA for each projected sea level rise height. The area exposed to each coastal
hazard modeled (passive flooding, annual high wave flooding, and coastal erosion) is overlaid with the tax
parcel data to determine the number, type, and value of structures, and value of land in each individual
hazard area. Potential economic loss is analyzed individually for each hazard at the parcel level and
subsequently aggregated and reported by sector (agricultural, commercial, industrial, residential,
educational, and religious) in 1-hectare (100 square meter or 1,076 square foot) grids. Potential economic
loss in the SLR-XA area is determined from the highest loss value in each sector of any one hazard within
the 1-hectare grid, thus avoiding double counting a loss of a particular asset from multiple hazards. Those
maximum values for each sector are then summed to determined the total economic loss to property in
each grid. Example maps of the potential economic loss in the SLR-XA at 1.1 and 3.2 feet of sea level rise
in Kahalui, Maui are shown in Figure 32.

The number of people displaced in the SLR-XA was estimated by structure type (single-family residence,
condominium, and high rise) based on census data. For each census block, the total block population was
divided by the total number of households based on the 2010 U.S. Census. This resulted in a different
estimate for number of people per household for each census block, the average of which was around 3
people per household across the state. These estimates were used to assign a number of residents to each
residential structure, for example, a single-family home might be assigned 3 people per structure while a
duplex would be assigned 6 people per structure (e.g., two 3-person households). For apariments and
condominiums, several real estate sites such as Zillow, were used to determine the average apartment size
across the state. A value of 400 square feet per person was assigned for apartment- and condominium-
type structures. This vaiue was used for all apartment buildings in the state. For example, a 1,200 square
foot apartment would be assigned three people. The total square footage for each apartment building
exposed to the hazard was calculated from the property database and divided by 400 to determine the
number of people displaced.

2 The “unique contnbution” of a hazard to the SLR-XA is the area or economic loss that is attributable to only one of the three
coastal hazards modeled. By depicting the SLR-XA as a cemposite of passive flooding. annual high wave flooding, and coastat
erosion, additional exposure is identified in terms of area and economic loss. it should be noted that there were breaks in modeling
annual high wave flooding and coastal erosion which also affected the absolute value of the unique contribution.
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Potential impacts to roads, water/wastewater conveyance systems, parks, cultural resources, and other
valued assets are assessed in terms of exposure to chronic flooding in the SLR-XA, but were not monetized.
The SLR-XA is overlaid with these assets to determine the miles, numbers, or area extent in acres of assets
impacted by chronic flooding with sea level rise.

Assumptions and Limitations. The vuinerability assessment was based on modeling chronic flooding
using the IPCC ARS, RCP8.5 sea level rise scenario, which predicts as much as 3.2 feet of sea level rise
by the year 2100. Climate science and sea level rise projections have continued to evolve since the IPCC
AR5 and throughout the development of this Report suggesting that 3.2 feet of sea level rise may be
reached earlier in the second half of this century and sea level rise of 6.0 feet or more by the end this
century is “physically plausible.” As such, vulnerability to sea level rise could possibly occur earlier and
have greater impacts than projected in this Report.

The vulnerability assessment addresses primarily exposure toe chronic flooding with sea level rise. Key
assumptions of the economic analysis for the SLR-XA include: (a) loss is permanent; (b) economic loss is
based on the value in U.S. dollars in 2016 as property values in the future are unknown; (c) economic loss
is based on the value of the land and structures exposed to flooding in the SLR-XA excluding the contents
of the property and does not include the economic loss or cost to replace roads, water conveyance systems
and other critical infrastructure; and (d) no adaptation measures are put in place that could reduce impacts
in the SLR-XA.

Economic value data was not available for length of roads, water and wastewater lines, and other public
infrastructure due to the variable cost of such infrastructure depending on location, and the complexity and
uncertainty involved in design, siting, and construction. Additionally, environmental assets such as beaches
and wetlands were not assessed economically due to the complexity in valuing ecasystem services. The
loss of both public infrastructure and environmental assets from flooding will result in significant economic
loss. Therefore, the total potential economic loss figures estimated in this Report are likely an
underestimate. Building footprints were not available with county tax parcel data for Hawai'i County so
building locations in the SLR-XA and floodplain were approximated manually using publically available
satellite imagery from Google Earth.
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the SLR-XA with 3.2 feet of sea level rise. Some examples of areas that would be exposed to chronic
flooding include Mo‘omomi, Kalaupapa, Hale o Lono Harbor, and Kapa‘akea as illustrated on Figure 70.
These areas include a wide variety of communities and assets such as portions of the Mo'omomi Preserve,
which is located in northwest Moloka'i and home to rare native and endangered species; the Kalaupapa
Peninsula, which includes the Kalaupapa National Historic Park and the administratively distinct settlement
of Kalawao: Hale o Lono Harbor, a manmade harbor on the southwestern coast of the island that hosts two
annual outrigger canoe competitions; and Kapa'akea, a Hawaiian Homelands community near Kaunakakai.
These areas would all become flooded with 3.2 feet of sea level rise.

Over time, as sea level continues to rise, low-lying, populated coastal communities such as Kapa‘akea
would experience increased frequency and severity of flooding ultimately leading to permanent inundation,
making some areas of the coast impassable or uninhabitable (Figure 71). Decisions about where to use
coastal armoring and when to retreat will need to be made carefully. It should be noted that seawalls may
not be effective at preventing flooding with sea level rise in many low-lying areas as rising groundwater can
infiltrate through porous geology. While specific responses to sea level rise will need to be place-based,
larger regional issues should be considered, such as whether to armor in place or whether to relocate roads
and other critical infrastructure inland. In the case of Kapa‘akea where there may be opportunities to
consider a managed retreat strategy as there are ample vacant lands immediately mauka (landward) and
outside of the SLR-XA with 3.2 feet of sea level rise. However, as discussed in the Recommendations
Chapter of this Report (Chapter 5), and as with other populated coastal areas with adjacent vacant lands,
large-scale boundary amendments should be predicated on appropriate state policies and guidelines (e.g.,
within Chapter 205, State Land Use Act) to provide the supportive legal basis for major land use changes.
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to chronic flooding include Campbell Industrial Park, Pearl Harbor, Kahuku, and Waimanalo, as shown in
Figure 96. Portions of Campbeli Industrial Park and Pearl Harbor, two of the largest job centers in Hawai'i,
would be permanently flooded with 3.2 feet of sea level rise. New and expanded wetland areas would form
around Kahuku potentially improving wildlife habitat. As Waimanalo Beach erodes and retreats with rising
seas, properties along the shoreline would become increasingly vulnerable to flooding and erosion. If we
continue to follow past practices of allowing shoreline armoring, portions of Waimanalo Beach will erode
away. In the Mapunapuna area, existing communities and businesses are already experiencing recurring
flooding during the highest tides because of rising seas. Difficult decisions will have to be made to either
abandon such areas or invest in expensive multi-decadal mitigation projects to dewater or raise the ground
above the rising water.

Over time, as sea level continues to rise, low-lying, populated coastal communities such as Waialua would
experience increased frequency and severity of flooding ultimately leading to permanent inundation and
making some areas of the coast impassable or uninhabitable (Figure 97). Decisions about where to use
coastal armoring and when to retreat will need to be made carefully. It should be noted that seawalls may
not be effective at preventing flooding with sea level rise in many low-lying areas as rising groundwater can
infiltrate through porous geology. While specific responses to sea level rise would need to be place-based,
larger regional issues should also be considered, such as whether to armor in place or whether to relocate
roads and other critical infrastructure inland. A good example of this is where Kamehameha Highway
passes through an area known as Laniakea on the North Shore. The road is overtopped by waves in the
winter months and the beach in front of the highway has nearly vanished. The Department of Transportation
(DOT) Highways Division is considering options including armoring and raising the road or relocating the
road inland.

In the case of Waialua, opportunities for managed retreat inland exist, as there are ample vacant lands
immediately mauka (landward) and outside of the SLR-XA. However, as discussed in the
Recommendations chapter of this Report, and as with other populated coastal areas with adjacent vacant
lands, large-scale boundary amendments should be predicated on appropriate state policies and guidelines
(e.g., within Chapter 205, State Land Use Act) to provide the supportive legal basis for major land use
changes.
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A study of historical shoreline changes in Hawai'i by the U.S. Geological Survey and the University of
Hawai'i (Fletcher et al. 2012) found that 60% of O'ahu beaches are chronically eroding. Over the past
century, shoreline hardening was the typical response when beachfront property was threatened by erosion
or flooding. As a result, approximately 20 miles of O‘ahu beaches are backed by seawalls and other
shoreline hardening structures. Over 5 miles of beach fronting those structures has already been completely
eroded away with waves now breaking directly against the structures.

Looking at the future, sea level rise presents a serious threat to O'ahu beach environments and public
shoreline access. At present, 15 miles of beach remains with shoreline hardening on the backshore (20
miles minus the 5 miles of beach already lost). These 15 miles of beaches have a very high risk of being
eroded away in coming decades under increasing rates of chronic erosion with sea level rise. With 1.1 feet
of sea level rise, an additional 7 miles of unprotected beachfront development will be exposed to erasion
and flooding (i.e., within the SLR-XA). These 7 miles include 5 miles of homes and buildings and 2 miles of
coastal highway. With 3.2 feet of sea level rise, 20 miles of unprotected beachfront development will be
exposed to erasion and flooding. These 20 miles include 13 miles of homes and buildings and 7 miles of
coastal highway. Beaches fronting these areas of exposed development face a high risk of loss if
widespread shoreline hardening is allowed rather than allowing beaches to migrate landward with sea level
rise.

As described in the Methods section, this analysis considers a scenario where widespread armoring is
permitted and does not consider other adaptation scenarios such as managed retreat from impacted areas
or beach nourishment, which would help to extend the life of beaches. This analysis also does not account
for effects of accelerated erosion that typically occurs fronting and adjacent to coastal armoring, leading to
more widespread impacts. More research is needed to improve the understanding and projections of
localized vulnerability of beach and environments to the combined impacts of encroaching beachfront
development and erosion and flooding with sea level rise.

Besides recreational areas, a variety of coastal habitats vital to aquatic organisms and wildlife would
become flooded with sea level rise, changing the nature of such habitats and the organisms that rely on
them. Estuarine habitats, where freshwater from rivers and streams and saltwater from the sea meet and
mix, would become increasingly marine with rising seas. This dynamic would impact areas such as Nu‘upia
Ponds, an estuarine wetland between Kane‘che and Kailua Bays (Figure 109). Hawaiian anchialine pools,
land-locked bodies of water of varying salinity that are adjacent to the ocean (The Nature Conservancy
2012), are occupied by small endemic red shrimp (Halocaridina and others) called ‘Gpae‘ula and
the endangered shrimp, Procaris hawaiana (Fish and Wildlife Service 2016). These pools have indirect,
underground connections to the sea, and show tidal fluctuations in water level. Other species, restricted to
the surface waters of the pools, include a few fish species, crustaceans and other invertebrates. Two
endangered waterbirds (Hawaiian Stiit and Hawaiian Coot), and several species of migratory waterfow!
also use these pools (The Nature Conservancy 2012).
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behind the shoreline from rising water tables and reduced drainage. Approximately 5,760 acres of land on
Kaua'iis estimated to be located in the SLR-XA with 3.2 feet of sea level rise. Some examples of areas that
would be exposed to chronic flooding include K&'@ Beach, Kilauea, Polihale Beach, and Nawiliwili Harbor
as illustrated on Figure 113. The Town of Kilauea is one of the areas identified in the Kaua'i County General
Plan that may be able to accommodate future growth. However, chronic flooding associated with 3.2 feet
of sea level rise in Kilauea's low-lying beach areas would impact how and where this growth could occur.
Many communities and businesses are already experiencing tidal flooding. Locations like K&'@ and Polihale
provide the best opportunity for conserving natural beach environments if backshore lands remain
undeveloped and the beach is allowed to migrate landward with sea level rise. Portions of Nawiliwili Harbor,
the primary commercial harbor for Kaua'i, would be flooded with 3.2 feet of sea level rise. This may
significantly impact residents and visitors to the island as essential commodities are dependent on ocean -
transport (County of Kaua'i Planning Department 2017).

Over time, as sea level continues to rise, low-lying, populated coastal communities, such as Kekaha, would
experience increased frequency and extent of flooding potentially making some sections of the coastal
highway impassible and some beachfront lots uninhabitable (Figure 114). Decisions about where to use
coastal armoring and when to retreat will need to be made carefully. It should be noted that seawalls may
not be effective at preventing flooding with sea level rise in many low-lying areas as rising groundwater can
infiltrate through porous geclogy.

While specific responses to sea level rise would need to be place-based, larger regional issues should also
be considered, such as whether to armor in place or whether to relocate roads and other critical
infrastructure inland. In the case of Kekaha, where there may be opportunities to consider a managed
retreat strategy as there are ample vacant lands immediately mauka (landward) and outside of the SLR-
XA with 3.2 feet of sea level rise. However, as discussed in Chapter 5 (Recommendations), large-scale
boundary amendments should be predicated on appropriate state policies and guidelines (e.g., within
Chapter 205, State Land Use Act) to provide the supportive legal basis for major land use changes.
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planning, incentives, and financing for managed retreat from the shoreline, chronic flooding of structures,
land, and businesses would result in unsustainable economic losses in coastal real estate and increasing
maintenance costs for infrastructure sited along our coasts (i.e. airports, wastewater treatment facilities,
roads, etc.). These and other factors should be considered when we weigh the benefits and costs of
permitting development in areas potentially exposed to chronic flooding against the significant up-front costs
required to move development landward of the areas vulnerable to sea level rise,

1.3 Conduct an inventory of existing lands designated for urban use that are located outside of
the SLR-XA and prioritize these areas for new development

The Office of Planning, together with the Counties, should conduct a lands mventory to identify lands that
are available for development or redevelopment within an urban growth boundary, but outside of the SLR-
XA. The goal of this process is to identify, assess, and prioritize underutilized land within urban zoned areas
that could represent opportunities for redevelopment that would be resilient to sea level rise. Once the
inventory is completed and development capacities are estimated utilizing sustainable and resilient land
use practices, there should be an assessment of Potential developable lands outside of urban growth
boundaries suitable for future development (e.g., managed retreat). The inventory should also include a
review of any existing redevelopment plans and other related plans and studies to assess consistency with
goals related to sea leve! ﬁse and managed retreat.

For each existing urban zoned area, a variety of factors and existing conditions should be evaluated to
determine suitability for development or redevelopment including: total land area, current buildout,
vacant/underutilized parcels, flood and other hazard areas, infrastructure capacity and condition, current
zoning, and compatibility with existing uses and community plans. Maps, data and qualitative information
should be used to aid in the process of inventorying underutilized parcels that could become a key
component of a long-term redevelopment and managed retreat strategy. Stakeholder engagement should
also be used to provide necessary insight to further refine an understanding of the priority sites on which to
focus future development efforts.

The inventory should include, but not be limited to the following factors:

= Existing land use classification and ownership;

* Historic land use patterns;

» Critical land uses such as agriculture and conservation for water resources;
= Areas that are currently eroding;

* Areas where shoreline armoring is already in place;

= Areas that have a high potential for landward migration;

* Areas of particular social, cultural, economic, and envnronmental value;

* Areas currently supporting critical infrastructure; and

* Anticipated vulnerability and timing of the area to sea level rise impacts;

This process should include the identification of existing assets in urban areas that could be leveraged to
support smart redevelopment in areas not vulnerable to sea level rise. This should include the identification
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of key local and regional assets that could be capitalized on to catalyze redevelopment and private
investment in desirable areas. These assets could include the unique characteristics and amenities of the
area, anchor institutions, large-scale public infrastructure, terrain and physical conditions, tourist attractions,
and recent and planned real estate development among others.

Constraints to potential redevelopment in each area should also be evaluated, including flood hazard areas,
sensitive environmental resources such as beaches and wetlands, conservation areas, agricultural lands
of importance, and existing infrastructure capacity and condition. This inventory would help identify areas
which are most suitable for re-development and could then be evaluated and prioritized as part of an overall
smart urban redevelopment managed retreat strategy (see Recommendation 3).

1.4 Strive to balance managed retreat strategies from vulnerable urban areas with preservation
of agriculture and conservation lands by relying on state planning act policies and tools and
the State Land Use Commission boundary review process.

The Hawai'i State Land Use Law classifies all lands in the State as urban, rural, agricultural, or conservation,
specifying uses and activities within district boundaries. Since the law was enacted, changes in land use
districts have been approved as a resuit of individual reclassification petitions and three 5-year boundary
review amendments (State of Hawai'i Office of Planning 2006).

The Hawai'i State Land Use Commission (LUC) is responsible for implementing the Hawai'i State Land
Use Law and is responsible for establishing and amending the land use district boundaries for the entire
State. This makes them vital to a smart, managed retreat strategy. As it is the LUC’s job to act on petitions
for land use boundary changes submitted by private landowners, developers, and state and county
agencies, they should be given specific legislative authority to develop an explicit policy to address
managed retreat onto agriculture and conservation lands that supports the State's sustainability goals and
protects these lands to the greatest extent possible. Actions that seek to redesignate agriculture and
conservations lands should include strict performance guidelines that minimize urban sprawl, promote
energy and transportation efficiencies, avoid hazards, and protect important agricultural lands and natural
resources.

Further, the LUC should be granted specific legislative authority through HRS Chapters 205 to amend the
State Land Use District classifications to not only accommodate urban expansion into areas outside of the
SLR-XA, but to also direct growth to appropriate areas in ways that reduce sprawl, reduce hazard exposure,
and preserve environmentally sensitive, culturally significant, and agriculturally important areas. The
information presented in this Report provides data, assessments, and recommendations that form a
practical and factual basis from which the LUC could support and act upon a managed retreat strategy as
part of a subsequent boundary review. Special attention should be given in this review to identify and
strengthen protections for agricultural and conservation lands needed to support sustainable and resilient
communities.
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1.5 Integrate sea level rise adaptation plans and policies into state, county and community
plans

The Hawai'i State Planning Act (HRS Chapter 226) was amended in 2012 with the addition of the Climate
Change Adaptation Priority Guidelines (Act 286). These guidelines were created to encourage the
collaboration needed to address climate change, recognizing that impacts will occur to multiple sectors
including agriculture, conservation lands, coastal and nearshore marine areas, natural and cultural
resources, education, higher education, energy, health, historic preservation, water resources, the built
environment, and the economy (State of Hawai'i Senate 201 2).

As the Hawai'j State Planning Act identifies the Office of Planning as the agency that shall provide technical
assistance in administering this law, the Office of Planning, together with its partners, should develob
specific guidance for applying the Climate Adaptation Priority Guidelines of the State Planning Act (HRS
§226-109) and the recommendations/recommended actions from this Report to address sea level rise
impacts in plans and programs within the state planning system. The guidance should help planners,
together with communities, integrate the best available science and methodologies for assessing our
State’s vulnerability to coastal hazards with sea level rise and identify and evaluate adaptation options
including managed retreat. A community visioning process is needed as part of this guidance that would
help planners and communities envision an aspirational future including sea level rise adaption to generate
social awareness, ownership, and acceptance of the needs and opportunities of achieving that vision. A
phased and incremental planning Process may be necessary with triggers for implementing specific
strategies such as those adopted by the California Coastal Commission (ESA 2016, California Coastal
Commission 2015). Updated plans should support the overall goal of sustainable and resilient community
development. This guidance should aiso be reviewed and adopted by the Hawai‘i Climate Commission.
Further, the Office of Planning should periodically review selected State and County plans and programs
for consistency with the Climate Adaptation Priority Guidelines as well as future policies that may be
developed, and report the status of its implementation to the Hawai'i Climate Commission.

Federal, state, and counties around the United States are developing similar guidance and tools to support
sustainable and resilient land use and community development. For example, FEMA has developed
guidance for integrating risk into general, comprehensive, and land use plans (FEMA 2015). FEMA's
guidance encourages integration or the two-way exchange of information and incorporation of ideas and
concepts between hazard mitigation plans (state and local) and other community plans. California’s General
Plan guidelines require that sea level rise exposure be considered as a factor in developing an inventory of
land suitable for development (State of California 2017). In addition, the California Coastal Commission has
developed guidelines for addressing sea level rise in local coastal programs and coastal development
permits (California Coastal Commission 201 5, 2017).

1.6 Develop shoreline Protection, conservation, and restoration priorities and guidelines

Shoreline armoring is either prohibited or heavily discouraged under the HaWai'i CZM Act unless a statutory
exemption is in place or a waiver has been obtained. The DLNR and Office of Planning, along with the
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community development that includes mixed-uses (housing, office, retail, etc.) in a walkable neighborhood
that is located near quality public transportation. It may also involve redevelopment of existing facilities or
may involve new development. An example of this is the City & County of Honolulu’s TOD program. The
establishment of the Honolulu rail transit system under Ordinance 07-01, paved the way for Ordinance 09-
04 which established the City's TOD program and enabled the creation of special districts around each rail
transit station (within 2,000 feet from the station). Each station will have its own unique identity as each
TOD development is intended to fit the surrounding community's context. To ensure this, each station area
will involve the preparation of a neighborhood TOD plan that includes implementing regulations along with
extensive community participation.

Similar to how the State and City & County of Honolulu have passed laws to facilitate, coordinate, and
advance smart growth and TOD planning, the state and counties should continue to review existing policies
and regulatory processes to assess whether the current framework supports smart redevelopment of urban
areas as part of sea level rise adaptation planning. Where appropriate, opportunities should be identified
for amendments that would encourage and incentivize private investment, redevelopment of priority areas
outside of the SLR-XA, a healthy mix of uses, and appropriate economic growth and development. Potential
updates may include revisions that promote diverse housing stock, allow for increased density in
appropriate areas, require consideration for future conditions, support TOD, and improve the efficiency of
development approval processes, among others.

The New York City (NYC) Office of Environmental Remediation provides a good example of efforts to review
redevelopment planning to increase resilience. The NYC Office of Environmental Remediation conducted
climate resiliency and green remediation and development audits of cleanup and redevelopment plans for
projects in the NYC Voluntary Cleanup Program (formerly known as the NYC Brownfields Program) (NYC
Office of Environmental Remediation 2017). The audits focused on reviewing plans for remediation and
redevelopment submitted by development teams and identified best management practices (BMPs) and
other items with potential to improve those plans with respect to “green and sustainable® considerations.
Subjects of the audits included: encouraged attention to climate resilience, improved energy efficiency and
reduced emissions, improved water use efficiency and reduced runoff, optimized material use with utilizing
green materials, minimized waste (including recycling and reuse), encouraged green design and improved
quality of environment, optimized remediation, and development of a culture of sustainability. One of the
primary goals of the audits was to increase resiliency by informing the development teams of other
programs that could provide information and benefits regarding green and sustainable approaches.

2.2 Identify priority areas for smart redevelopment as part of a managed retreat strategy

An unbiased evaluation of urban areas vulnerable to sea level rise should be conducted to establish priority
redevelopment areas for managed retreat. A committee should be established to conduct a detailed risk
analysis using the vulnerability assessment results of this Report, the lands inventory as suggested in
Recommended Action 1.2, and the shoreline conservation priorities as described in Recommended Action
1.6 that could then be used to develop prioritization criteria. The detailed risk analysis should also consider
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other factors such as quantifying potential loss (i.e., structural loss, economic loss such as income level
and social justice, loss jobsiwages, loss tax, etc.) which could be one component of the prioritization
methodology. Areas would be ranked using the committee-identified criteria and spatial analyses (clusters,
hot-spot, etc.) to help determine the order of investment to retreat or adapt. A prioritized action plan should
also be developed to identify the most at-risk infrastructure and include Corresponding adaptation options
as well as funding sources for implementation. During this evaluation, outreach should be conducted with
Property owners to discuss potential incentives that would encourage retreat from areas vulnerable to future
sea level rise, particularly for shoreline areas that have been identified as priority shoreline conservation
areas (Recommended Action 1.6).

2.3 Conduct a market study for priority redevelopment areas

The State and Counties should develop a comprehensive regional market assessment that provides
defensible estimates of current market conditions and opportunities for supportable future growth across
various economic sectors. The market assessment would help signify opportunities for appropriate new
growth and development and should include analyses to validate and consider the depth of the market for
a diversity of potential uses by analyzing workforce, demographic, and economic data sets, and identify
current and emerging local economic base industries. The assessment should include quantitative and
qualitative information that would collectively present a comprehensive assessment of the market and
define supportable residential, commercial, and industrial development potential.

. 2.4 Develop detailed redevelopment strategies for priority areas and incentivize development

The State and Counties should create redevelopment strategies for priority urban areas that reflect the
findings from the redevelopment and market assessments conducted in Recommended Actions 2.2 and
2.3. The primary result of these efforts should be detailed strategies for each priority area that illustrate
feasible approaches to potential redevelopment. The State and Counties should use cumulative information
gathered for each priority area and identified reuse sites to recommend the most effective redevelopment
strategies based on a variety of criteria, including physical conditions, hazard areas, desired scale and
density, and the ability to achieve established goals and objectives.

Within each priority redevelopment area, a more detailed, site-level assessment should be conducted to
recommend the highest and best use for priority redevelopment sites. To the extent that it is readily
available, basic information about each site should be collected including, but not limited to, parcel number,
current or former use, estimated size, basic description of the location, current ownership, current zoning,
and existing infrastructure servicing the property.

Detailed redevelopment strategies should then be developed for each area which include specific
recommendations that are tailored to unique local conditions and designed to support the realization of the
vision and goals outlined during this process. Potential actions that may support successful redevelopment
of priority areas may include but are not limited to:
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= Providing incentives for infill development that make private investment more efficient and
desirable in existing urban areas not exposed to sea level rise. Examples of potential incentives
include, but are not limited to: (a) expediting permitting/approvals, (b) fee waivers, (c) flexible
zoning incentives, (d) parking initiatives (shared parking, payment in lieu of parking, etc.), (e) tax
relief/abatements, (f) public funding assistance;

* Amending zoning ordinances and specific property classifications as necessary to support
redevelopment and private investment, and to ensure a healthy mix of uses. This may include
updating existing ordinances to adjust allowable uses, densities, scale of development, floor area
ratios, setbacks, and conservation requirements, among other provisions;

* lIdentifying and prioritizing opportunities to focus redevelopment around existing infrastructure;

* Identifying and planning for necessary infrastructure expansions or upgrades to support new
development;

* Implementing public realm improvements to support walkability and desirability of development
areas;

* Preserving historic assets and encouraging adaptive reuse to retain local character, create a
sense of place, and encourage development in desirable areas:

* Implementing a transfer of development rights (TDR) program that designates formal “receiving”
areas within priority growth areas not exposed to sea level rise; and

* Coordinating land swaps to relocate development from hazard areas to safer areas. Land swaps
are an exchange of municipally owned land for privately owned land, used to strategically
assemble and re-purpose large areas to increase resilience through conservation, open space,
green infrastructure, and more.

2.5 Update capital improvement planning to incorporate sea level rise and prioritize infrastructure
improvements for priority redevelopment areas

Identify and plan for public infrastructure improvements necessary to support growth/redevelopment of
priority areas. Improvement projects should be outlined in a capital improvement plan and should include
the full range of infrastructure necessary to support redevelopment including transportation assets, storm
water facilities, sewer and potable water, utilities, telecommunications, as well as pedestrian and public
realm improvements/amenities.

2.6 Develop design standards for existing and proposed land uses that limits urban growth and
increases flood resiliency within the SLR-XA

The State and Counties should develop design standards applicable for managing flood risk within the SLR-
XA (Figure 136). These design standards would be developed and applied as BMPs and may or may not
be regulatory in nature.
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28 Develop State and County guidance and a checklist for developers to assist with the
integration of sea level rise in project design and encourage the use of best management
practices for incorporating green and sustainable approaches in all stages of project
development

As a part of a sea level rise adaptation strategy, the State and Counties should provide guidance and a
checklist that would help developers integrate sea level rise in their project designs, permits and planning
applications. In addition, the guidance document(s) and/or checklist should identify BMPs, offer design
considerations and protection measures/techniques, provide tools/resources available to improve
development plans, and reference GIS resources (e.g., sea level rise overlays). It should also encourage
the incorporation of green and sustainable approaches such as: improved energy efficiency and reduced
emissions; improved water use efficiency and reduced runoff; optimized material use with utilizing green
materials; minimized waste (including recycling and reuse), and encouraged green design and improved
quality of environment.

2.9 Develop guidance on integrating sea level rise and climate change in the environmental
review process and incorporating environmental justice considerations

The Hawai'i Environmental Impact Statement Law (HRS Chapter 343) and the Hawai'i Environmental
Impact Statement Rules (Hawai'i Administrative Rules §11-200) requires any agency (for government
actions) or person (for individual/private actions), that needs to obtain agency approval prior to proceeding
with implementing actions located in certain specified areas or actions that require certain types of
amendments to existing county general plans, to undergo an environmental review process. The
environmental review process is triggered should a proposed project fall within one of the nine established
categories of action pursuant to HRS §343-5 and HAR §11-200-6. The purpose of an environmental
assessment is to disclose potential environmental, social, and economic impacts of a proposed project
based on an analysis of the current environment with or without the project.

The State of Hawai'i, Office of Environmental Quality Control (OEQC) should issue specific guidance on
integrating sea level rise and climate change in the environmental review process. Guidance on sea level
rise should highlight the need for analysis of the proposed action in terms of design and siting to address
the impacts of sea level rise utilizing the SLR-XA as a vulnerability zone. Guidance on integrating climate
change should highlight the need for analysis of the proposed action in the context of the future state of the
environment. This guidance should be modeled after new federal guidance issued by the U.S. Council on
Environmental Quality for federal departments and agencies on consideration of GHG emissions and the
effects of climate change (State of Hawaii OEQC 2016). Further, there is a need to address the
disproportionate environmental burdens borne by marginalized, underrepresented, or otherwise vulnerable
communities from projects as environmental justice concerns are likely to be exacerbated as sea level rise
results in changes in land use and development.
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Administration and the Mitigation Directorate, components of the FEMA. The DLNR has been designated
as the State Coordinating Agency responsible for assisting the coordination of the program between the
federal and county agencies in Hawai'i. All four of our Counties are participating communities in the NFIP
and each community has a representative County Floodplain Manager that should be consulted for building
permit-related questions.

Financial exposure to coastal flooding could be further reduced by increasing participation in the NFIP
Community Rating System (CRS) program and encouraging at-risk property owners to purchase flood
insurance. The CRS program is voluntary and recognizes and encourages community floodplain
management activities that exceed the minimum NFIP standards. Depending upon the level of participation,
flood insurance premium rates for policyholders can be reduced up to 45%. Besides the benefit of reduced
insurance rates, CRS floodplain management activities enhance public safety, reduce damages to property
and public infrastructure, avoid economic disruption and losses, reduce human suffering, and protect the
environment. Participating in the CRS also provides an incentive to maintaining and improving a
community's floodplain management program over the years. Further, implementing some CRS activities
can help projects qualify for other Federal assistance programs.

An immediate measure to reduce disaster spending would be to encourage property owners, outside
historically based flood hazard zones, to purchase flood insurance as it has been proven that hazard
mitigation is critical to reducing disaster risks and spending. FEMA reports that for every $1 spent on
mitigation, it saves society an average of $4. In addition, the federal govemment has recognized the
importance of hazard mitigation through the passing of the Disaster Mitigation Act of 2000 (Public Law 106-
380) which provides the legal basis for FEMA mitigation planning requirements for state and local
governments as a condition of mitigation grant assistance. The Disaster Mitigation Act of 2000 also
amended the Robert T. Stafford Disaster Relief and Emergency Assistance Act by repealing the previous
mitigation planning provisions and replacing them with a new set of requirements that emphasize the need
for state and local entities to closely coordinate mitigation planning and implementation efforts. The Act
further established a new requirement for local mitigation plans and authorized up to 7% of Hazard
Mitigation Grant Program (HMGP) funds to be available to a State for development of State and local
mitigation plans.

The purpose of the HMGP is to help communities implement hazard mitigation measures following a
Presidential Major Disaster Declaration in the areas of the state requested by the Govemor. The key
purpose of this grant program is to enact mitigation measures that reduce the risk of loss of life and property
from future disasters. Mitigation includes long-term efforts to reduce the impact of future events. HMGP
recipients have the primary responsibility for prioritizing, selecting, and administering state and local hazard
mitigation projects. Although individuals may not apply directly to the state for assistance, local
govemments may sponsor an application on their behalf.

Pre-disaster recovery planning can also provide opportunities for communities to build back better when
difficuit decisions about rebuilding are made before a disaster even strikes. The fundamental key to this
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development or other factors. This additional amount of water also provides a factor of safety in cases when
the 100-year flood is exceeded. The New Jersey Flood Hazard Design Flood is depicted on FIRMs and is
used to regulate the permitting process and address design and construction standards for activities in and
near surface waters. Other states have adopted sea level rise projections to guide future planning efforts
and to be considered for certain permit and funding programs. For example, the New York State,
Department of Environmental Conservation introduced the Community Risk and Resiliency Act (New York
State Department of Environmental Conservation 2017) which requires permit and certain funding
applicants demonstrate that future physical climate risk due to sea level rise, storm surge and flooding have
been considered. Further, the New York State Department of Environmental Conservation adopted sea
level rise projections on a regional basis (6 NYCRR Part 490, Projected Sea-level Rise).

3.2 Consider adopting V zone construction standards in the Coastal A Zone

Flood risk zones subject to inundation from the 1%-annual chance flood are designated as SFHAs on the
FIRMs produced by FEMA. SFHAs along coasts subject to inundation by the 1% annual chance flood event
with additional hazards associated with storm-induced waves subject to coastal inundation are designated
as V zones. Coastal A zones are areas landward of a V zone or landward of an open coast without mapped
V zones. In a Coastal A zone, the principal source of flooding is from astronomical tides, storm surges,
seiches, or tsunamis. Currently, the minimum NFIP standards do not require that structures located in
Coastal A zones be constructed to withstand coastal flood hazards such as high velocity flows, wave action,
erosion and scour; however, individual communities may adopt higher regulatory standards that require
such considerations in building design. At the time of next update, FEMA will determine the limit of moderate
wave action (LiIMWA). The LiIMWA is the landward extent of the Coastal A zone for each county’'s FIRM.
Delineating the Coastal A zone and LiMWA on the effective FIRM is voluntary; however, it should be noted
that displaying the LIMWA on FIRMs is a pre-requisite for participation in the CRS.

3.3 Provide technical and financial support to a state-wide Community Rating System program

FEMA identifies flood hazards and assesses flood risks and partners with states and communities to
develop FIRMs as part of the NFIP for developing regulations and flood insurance requirements. As FEMA
updates Flood Insurance Study and updates hazard zones, many landowners would be required to
purchase flood insurance and meet more costly construction standards. As stated earlier, the CRS is a
voluntary program that provides flood insurance premium discounts in recognition of flood risk management
program elements that exceed the minimum requirements of the NFIP. Creditable activities include: land
acquisitions and restoration to open space uses, relocation, flood-proofing, open space preservation, and
other measures that reduce flood damages. If a county participates in the CRS, residents may qualify for
discounted flood insurance.

It is recommended that the State Legislature consider requiring all counties to participate in the CRS and
provide annual funding to support CRS participation. This in turm would encourage the Counties to strive
to advance their CRS rating to reduce impacts and repetitive loss from flooding and enable homeowners
to obtain discounted flood insurance. It should be noted that while all four counties currently participate in
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the NFIP, only the County of Maui and the County of Hawaii are active CRS communities. Participation in
a state-wide CRS program could also be tied to the Community Assistance Program administered by the
DLNR under the NFIP as the State of Hawaii's Floodplain Coordinating Agency. The Community
Assistance Program provides funding to states to provide technical assistance to communities participating
in the NFIP and to evaluate community performance in implementing NFIP floodplain management
activities. The Community Assistance Program helps to ensure that the flood loss reduction goals of the
NFIP are met, build state and community floodplain management expertise and capability, and leverage
state knowledge and expertise in working with their communities. This recommendation is based on the
understanding that the full responsibility for the commitment to participate and maintain status in the CRS
program lies with the individual county and that the State's role would be to support those efforts defined
above. !t should be noted that many recommendations in this Report could potentially provide CRS credits.

Support from the State could include the following:

* Address community compliance issues.

* CRS application and annual recertification support.

* Facilitate the identification and crediting of state-wide uniform minimum credits under CRS.
* Facilitate the formation and implementation of a CRS Users Group.

= Develop a state-wide model flood damage prevention ordinance that includes CRS creditable
elements for sea level rise provisions.

* Support the development and maintenance of all local and state hazard mitigation plans and
assure that they are developed such that they are creditable under the CRS program.

= Support the development of a state-wide program for public involvement that is creditable under
the CRS Activity 330.

« Continue to mine the best available data and science on all flood risk within the State.

* Support the Counties in the capture of perishable data that memorializes flood risk following flood
events.

Itis understood under this recommendation that the full responsibility for the commitment to participate and
maintain status in the CRS program lies with each individual county and that the State's role under this
recommendation would be to support those efforts as defined above. It should be noted that many
recommendations in this Report could potentiaily provide CRS credits.

3.4 Encourage property owners at risk to coastal flooding to purchase flood insurance

Coastal flooding from high tides and annual high waves results in damage to structures and their contents.
With sea level rise, many new properties located outside of FEMA-established coastal flood zones, where
flood insurance is required to obtain a mortgage, could become exposed to coastal flooding from high tides,
annual high waves, hurricanes and tropical cyclones. The success of this recommendation would be tied
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to Recommended Action 3.3 as the cost of flood insurance in these zones would be more affordable based
on the positive impacts on flood insurance premiums from participation in the CRS program.

3.5 Incorporate sea level rise into state and county hazard mitigation plans

Hazard mitigation is the use of long-term and short-term policies, programs, projects, and other activities to
reduce death, injury, and property damage that can result from a disaster. State and county hazard
mitigation plans should incorporate the findings of this Report, where appropriate.

In additional, local hazard mitigations plans could be assembled such that components of the plans could
qualify as Community Development Block Grant Disaster Recovery (CDBG-DR) Program Action Plans
following a declared disaster where CDBG-DR funding has been made available. The CDBG-DR program
provides flexible grants to help cities, counties, and states recover from presidentially declared disasters,
especially in low-income areas. Grantees may use CDBG-DR funds for recovery efforts involving housing,
economic development, infrastructure and prevention of further damage to affected areas for low-income
residents in and around communities that have experienced a natural disaster. Eligible governments must
develop and submit a Disaster Recovery Action Plan before receiving CDBG-DR grants. The action plan
must include a needs assessment, strategies, and projected uses of the disaster recovery funds.

3.6 Adopt a state-wide program that supports the BCEGS program for insurance rating

Administered by the International Organization for Standardization (ISO), the Building Code Effectiveness
Grading Schedule (BCEGS) assesses the building codes in effect in a particular community and how the
community enforces its building codes, with special emphasis on mitigation of losses from natural hazards.
BCEGS develops a relative Building Code Effectiveness Classification for each community for insurance
rating and underwriting purposes. The concept is simple: municipalities with effective, well-enforced codes
should demonstrate better loss experience, and insurance rates can reflect that. The prospect of lessening
catastrophe-related damage and ultimately lowering insurance costs provides an incentive for communities
to enforce their building codes rigorously—especially as they relate to windstorms and seismic damage.
BCEGS encourages the implementation and enforcement of effective building codes, resulting in safer
buildings, less damage, and communities that suffer less damage when natural disasters occur. It should
be noted that the BCEGS is similar in concept to ISO’s Public Protection Classification evaluations of
municipal fire suppression capabilities used by insurers for decades. Currently, none of the four counties in
Hawai'i have a BCEGS rating.

The State should first assess why the BCEGS program is not being utilized within Hawai'i. Once the issues
for lack of participation have been identified and addressed, the State should consider formally adopting
the BCEGS program as part of its insurance rating program. Additionally, the State should provide technical
resources to the Counties to support the establishment of a BCEGS classification for each county, and
commit to providing technical resources to support the maintenance of that classification. Similar to
Recommended Action 3.3, this recommendation is based on the understanding that the full responsibility
for the commitment to participate and maintain status in the BCEGS program lies with each individual
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development in such areas, and even consider removing development from areas with upland sand
depasits if we hope to retain this vital natural and cultural resource for future generations.

The State and Counties should also work hand in hand to identify “Legacy Beaches" where special
adaptation measures, such as preservation of undeveloped lands, managed retreat, and prohibition of
coastal armoring, should be implemented In earnest. The toals identified in this Report are integrated with
an overall vision of community sustainability, so that the beaches that are vital to our island culture and vital
to protected wildlife species, are protected along with our coastal communities and vital infrastructure.

4.2 Establish a “willing seller” program to move development away from legacy beaches

The State should establish a “willing seller” program that pre-identifies property owners that would be willing
to sell or relocate their property outside of the state-wide vulnerability zone. As such, lands acquired through
the program could be used to establish legacy beaches. There are many successful examples of “willing
seller” programs, the most notable of which is the City of Portland, Oregon’s “Johnson Creek Willing Seller
Program” which heips move people and property out of areas that frequently flood. Restoration projects on
land acquired through the program increase flood storage, improve fish and wildlife habitat, restore
wetlands, and create passive recreational activities for city residents. For more information regarding this
program, please visit https://iwww.portlandoregon.gov/bes/article/106234.

4.3 Amend the State Legacy Lands Act to set aside funding for priority coastal lands and enable
the use of a variety of practices and tools

The State Legacy Lands Act, passed in 2005, established a permanent fund for land conservation and the
preservation of open space and scenic resources in Hawai'i. Specific projects eligible for funding inciude
conservation of watersheds, coastal areas, beaches, ocean access, habitat protection, cultural and historic
sites, natural areas, and open spaces and scenic resources among others. Funding is provided through a
conveyance tax and 10% of the program’s annual budget is directed into the State's Land Conservation
Fund. Monies from the Land Conservation Fund must be used to acquire lands for public purposes, which
the law defines as preservation of any of the following: watershed protection; coastal areas, beaches, and
ocean access; habitat protection; cultural and historical sites; recreational and public hunting areas; parks;
natural areas; agricultural production; and open spaces and scenic resources. The Federal Coastal and
Estuarine Land Conservation Program can alsa provide matching funds to acquire property from willing
sellers either through fee simple purchase or through conservation easements.

In addition to land acquisition for legacy beaches, a variety of tools, including buffer zones and conservation
easements, are needed to support conservation of coastal lands through incremental changes in the
shoreline. Buffer zones could be used to restrict development within specified distances of natural and
cultural resources. For example, Hawai'i law requires buffer zones to protect artesian water aquifers and
archaeological sites. As another example, Kaua'i and Maui Counties utilize shoreline construction setbacks
that are based on historical erosion rates to provide a buffer between chronically retreating shorelines and

236



Hawai'i Sea Level Rise Vulnerability and Adaptation Report

development. Expanding buffer zones around beaches, sand dunes, and coastal wetlands would provide
space for these environments to migrate landward with rising sea levels.

Conservation easements seek to “[pJreserve and protect land predominantly in its natural, scenic, forested,
or open-space condition” (Codiga and Wager 2011). Conservation easements are legal agreements
between landowners and land trusts or government agencies that restrict development or uses while
allowing property to remain in private ownership (Codiga and Wager 2011). In Hawai'i, conservation
easements could be created by deed restrictions, covenants, or conditions. They are freely transferrable,
perpetual, not personal, may restrict certain types of activity, and are obtainable by purchase, agreement,
donation, devise, or bequest, but not by eminent domain. State law authorizes public bodies and nonprofit
- organizations to hold conservation easements for the purposes of preserving and protecting open space,
natural landscapes, cultural and historical sites and resources, and agricultural lands. Traditional
conservation easements prohibit all development on burdened parcels but some modern conservation
easements do not necessarily prohibit but rather limit development to appropriate and desired development.

4.4 Expand the area of national, state, and county parks and wildlife refuges to preserve critical
coastal wildlife habitats

The DLNR, working together with federal and county agencies and nongovernmental organizations, should
identify existing and potential new areas for coastal wildlife refuges throughout the State to support both
new wetlands that may form and wildlife migration from the NWHIs. Hawaii's endangered wildlife including
the Hawaiian monk seals, Hawksbill and green sea turtles, and seabirds such as the Laysan albatross and
Newell's shearwater, depend on a range of low-lying habitats that would be lost as a result of sea level rise
in the main Hawaiian Islands and the NWHIs. These habitats include beaches and coastal strands, mudflats
and wetlands, coastal shrub lands and woodlands, and freshwater habitats. In anticipation of wildlife climate
refugees from the NWHIs, we should consider expanding wildlife refuges on the main Hawaiian Islands in
areas that would provide suitable habitat. The expansion of parks and wildlife refuges and the identification
of legacy beaches (Recommended Action 4.1) should especially factor in the preservation of critical habitat
for the highly endangered Hawaiian monk seal (NOAA Fisheries 201 7a) which includes a landward portion
that extends 15 feet on land frem the shoreline.

4.5 Prioritize coral reef preservation to buffer the impacts of coastal hazards with sea level rise

Healthy coral reefs and reef flats provide many ecosystem services including sand for beaches and
protection from wave energy. In addition to local threats to Hawaii's coral reefs, increasing sea surface
temperatures that cause coral bleaching and ocean acidification that weakens coral skeletal structures and
calcification, pose new and significant stresses to these vital ecosystems. More than ever, Hawaii's coral
reefs need to be protected and restored to support multiple ecosystems services. In September 2016,
Governor Ige made a World Conservation Congress Legacy Commitment to have 30% of Hawaii's
nearshore waters effectively managed by 2030. This commitment needs to be backed with greater human
and financial resources.
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Action 1.1). The objective of the review would be to identify sites or geographic areas with the highest
probability of large or catastrophic failures or releases associated with increased coastal flooding with sea
level rise. Once a priority list has been prepared, develop hazard mitigation measures that landowners,
permittees, and operators of these facilities can implement to address these threats. Technical support is
needed to provide standards and BMPs for water proofing, improved flood control, and possibly re-siting
options. Educational and outreach efforts should strive to increase awareness of potential impacts from
increased flooding and/or sea water intrusion and provide public forums to discuss near-term actions and
long-term mitigation measures.

Examples of actions similar to the one proposed can be found in California, where San Mateo County
inventoried hazardous waste sites that may be affected by sea level rise within their vulnerability
assessment with emphasis on those near beneficial groundwater uses. In Delaware, a vulnerability study
assessed hazardous waste storage facilities within the path of rising sea levels and identified those which
should initiate plans to prevent releases. Further abroad, the Commonwealth of the Northern Mariana
Islands’ Bureau of Environmental and Coastal Quality has updated their above ground storage tank website
to direct permit holders to review the “Saipan Climate Change Vulnerability Assessment: Saipan Sea Level
Rise Inundation” as a guide when siting new above ground storage tanks.

6.2 Review existing environmental regulations, guidance documents, and best management
practices

The State of Hawai'i Department of Health maintains policies, guidelines, and procedures for the
construction, maintenance, and mitigation of USTs, OSDS or wastewater treatment, and hazardous
materials/waste storage facilities. Recognizing that sea level rise would result in inundation of USTs, Act
179 was passed in 2016, prohibiting the issues of permits for new USTs within 100 yards of the shoreline
and other provisions. A comprehensive review and gap analysis of current Hawai'i laws and guidance
pertaining to USTs, OSDS, and hazardous waste sites and facilities is needed to identify potential areas
for revision. This review should focus on existing regulations that allow for siting new facilities in flood
hazard prone areas as well as monitoring or enforcement of existing vuinerable systems and facilities. This
review should highlight priority actions, which could be implemented immediately by each agency to protect
against failures of vulnerable systems. The gap analysis would identify recommendations for changes and
improvements to current regulations and guidance for future updates. A successful example of this is the
State of New Jersey's Climate Adaptation Alliance, which conducted a gap analysis in 2013 to summarize
opportunities for improvement in order to inform climate change policy recommendations (New Jersey
Climate Adaptation Alliance (NJCAA) 2013).

6.3 Update guidance and propose legislative amendments to existing environmental regulations

Based on the gap analysis conducted under Recommend Action 6.2, updates to existing guidance could
be made and legislative changes proposed that could require additional measures to protect against
vulnerable wastewater and hazardous waste systems and increased failures. For example, the siting and
design or reengineering of these facilities should take into account the potential impacts of sea level rise,
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opportunities presented as a result of sea level rise. For commercial and industrial uses, impacts that would
need to be considered include job loss, secondary and tertiary business impacts, and impacts to the tourism
industry state-wide. For private properties impacted by sea level rise, the impact would be tremendous for
families and well as county tax coffers.

7.2 Develop a multi-pronged financing strategy at federal, state, county, private sector, and
philanthropic levels to address costs of adaptation to sea level rise

A multi-pronged funding strategy should be developed at federal, state, county, private sector and
philanthropic levels to secure significant and sustainable funding for investments that reduce risks, harm to
people, and disaster spending from coastal hazards with sea level rise. Based on prioritized projects, the
funding strategy would identify applicable sources, eligibility criteria, application processes, outreach
strategies, and detailed implementation steps to achieve a defined set of funding goals.

Some of the costs anticipated as a result of sea level rise include: (1) land acquisition, (2) relocation or
retrofitting of critical infrastructure (such as roads, airports, harbors, and power, water, and wastewater
facilities and distribution lines), (3) relocation of residential areas and retrofitting to increase flood resiliency,
and (4) land acquisition for wetland and beach migration and public access.

As part of this strategy, the Hawai'i Legislature could adopt laws enabling state and local governments to
develop tax incentive programs and special tax districts. Incentives could be used to encourage landward
relocation, retrofitting to increase flood resiliency, siting of new development in upland areas, conservation
of open space along the shoreline, and preservation or restoration of natural flood buffers. Although tax
incentives may lack support in times of budget shortfalls, they are a proven policy tool to achieve key social,
economic, and environmental objectives. Creating financial incentive programs for sea level rise and other
climate change impacts, however, would require decision-makers to establish clear priorities regarding the
type of development (e.g., new or existing, critical infrastructure, and residential development) to be
encouraged or discouraged in particular areas.

The private sector also could be employed through either voluntary contribution of funding, or compensatory
payment of assessments such as impact fees, sustainability fees on permit applications for new
development, or other assessments on real property. These mechanisms could be enacted locally, or
authorized at the State level and adopted at local discretion.

Finally, philanthropic interests such as the Rockefeller and MacArthur Foundations could be approached
to gain their support address Hawai‘i's acute and imminent challenge of sea level rise, an idea likely to be
of great interest to these foundations given their significant financial contributions to resilience. The City
and County of Honolulu has already taken advantage of this support by being chosen to participate as one
of the Rockefeller Foundation's 100 Resilient Cities (100RC). 100RC supports the adoption and
incorporation of a view of resilience that includes not just “shocks” (i.e. earthquakes, fires, floods, etc.), but
also the stresses that weaken the fabric of a city on a day to day or cyclical basis. Cities in the 100RC
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network are provided with resources necessary to develop a ‘roadmap” to resilience along four main
pathways:

1. Financial and logistical guidance for establishing an innovative new position in city government, a
Chief Resilience Officer, who will lead the city’s resilience efforts:

2. Expert support for development of a robust Resilience Strategy;

3. Access to solutions, service providers, and partners from the private, public and non-governmental
organization sectors who can help them develop and implement their Resilience Strategies; and

4. Membership of a global network of member cities who can learn from and help each other.

In addition, Hawai'i may wish to form its own nonprofit foundation to raise funds for project that protect
vulnerable populations such as those who are economically disadvantaged, seniors, disabled persons, and
veterans.

A growing number of different financing and incentive strategies are beginning to emerge to support
adaptation to sea level rise. A number of best practices for financing adaptation to sea level rise were
identified for the San Francisco Bay Area such as enterprise revenue bonds, sales tax, and general
obligation funding (Urban Land Institute 201 5). In New Jersey, a state-wide buy-out program for Blue Acres
was created after Hurricane Sandy (State of New Jersey 2017b). The Blue Acres program was funded with
a combination of federal, state and local grants and established a protocol for purchasing homes from
willing sellers in communities subject to repeated flooding. Once the property was purchased, the structures
were demolished and the property was designated as open space. The main focus of this program were
properties (including structures) that have been damaged by, or may be prone to incurring damage caused
by storms or storm-related flooding, or that may buffer or protect other fands from such damage. Cost-
benefit analyses of strategy combinations would be essential to support community-level adaptation
planning. As such, a multi-pronged, multi-stakeholder, and phased funding strategy would be required that
takes into account the complexity of issues surrounding adaptation to sea level rise.

7.3 Require mandatory disclosure for private properties and public offerings located in areas with
potential exposure to sea level rise

The State should work with the real estate and insurance industries to require mandatory disclosures of
risks for all properties located within the SLR-XA. The list of disclosable hazards should be expanded for
public offerings to include future risks of sea level rise, including erosion and flooding, and other risks from
climate change.

7.4 Explore the use of transfer of development rights and purchase of development rights
programs that facilitate managed retreat and legacy beach preservation

All counties should consider adopting ordinances for TDR/PDR programs that facilitate sea level rise
adaptation. Implementation would require counties to:
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* Designate sending areas (e.g., areas vulnerable to sea level rise and coastal hazards, areas
serving as natural flood buffers, or areas that have experienced repeated or heavy storm
damage);

* Designate receiving areas (e.g., areas located upland or inland that are less vulnerable for
development);

* Calibrate credit values by balancing the market value of lots in receiving areas with the market
value of lots in sending areas;

= Develop a pool of development rights that are legally severable from the land; and

» Establish a procedure for transferring rights from one party to another (either through private
transactions or a publicly owned and operated TDR bank) (Codiga and Wager 2011, Christ Hart
& Partners 2007).

Legacy beach conservation program funding (Recommended Action 4.3) could be used to cover the cost
of these TDRs and PDRs and related coastal land acquisition programs for legacy beach priority areas.
Other potential sources of revenue for this fund might include a porfion of the Transient Accommodations
Tax), green bonds, gasoline tax, property tax, tax credits, short-term vacation rental tax, or penalties for
unauthorized or unpermitted land uses. The Waikiki Beach Special Improvement District Fund is one
example where all commercial properties in Waikiki pay into a special beach fund for Waikiki, which is
based on the assessed value for property taxes.

The State should also develop and offer a grant program to the Counties for the development of ordinances
creating TDR and PDR programs related to sea level rise. This would allow the Counties to access experts

in the field of municipal law and TDRs and PDRs to develop these ordinances.

7.5 Consider the feasibility of a buy-out program for residential property owners vulnerable to
sea level rise

Managed retreat has long been avoided in public dialogue as an adaptation strategy. Yet when weighed
against the magnitude of risk faced by coastal and riverine communities, retreat should be included in the
toolbox of strategies for climate adaptation. While there do not appear to be any existing residential land
acquisition programs for sea level rise vulnerability, there are corollary programs at the federal level that
could provide us with lessons and tools.

The Flood Mitigation Assistance Grant Program (FMA) provides funding to States and local communities
for projects and planning that reduces or eliminates long-term risk of flood damage to structures insured
under the NFIP. FMA funding is also available for managing costs. Under the FMA, FEMA allows for up to
100% of the costs to be covered for Severe Repetitive Loss properties unlike for Repetitive Loss properties
in which FEMA usually only covers 90% of the cost. Severe Repetitive Loss properties consists of any
NFIP-insured residential property that has met as least one of the following paid flocd loss criteria since
1978, regardless of ownership:
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* 4 or more separate claim payments of more than $5,000 each (including building and contents
payments); or

* 2 or more separate claim payments (building payments only) where the total of the payment
exceeds the current value of the property.

Repetitive Loss properties consist of NFIP-insured residential properties that have had one or more claim
payment(s) for flood damages.

The State could develop a policy for prioritizing areas for acquisition within the State-wide vulnerability zone
and model it after the FMA program. However, timing of such a program presents new challenges since a
goal would be ta preemptively move development from areas of increasing flooding and erosion risk before
catastrophic losses occur, rather than compensating people after a disaster event. Nevertheless, a buy-out
program for at-risk coastal properties needs serious discussion, given our expanded understanding of
present and future risks of erosion and flooding risks through this Report and other data tools referenced
herein.

As a normal course of action each year, the State should also focus its efforts on developing applications
to both of FEMA's Pre-Disaster Mitigation Grant Program (PDM) and the FMA Grant Program. PDM
provides funds for hazard mitigation planning and projects. This funding is available on an annual basis and
is awarded on a competitive basis. The goal of this program is to reduce overall risk to the residents,
structures and facilities from future hazard events, which includes flooding before a flooding disaster.

Post-Flodding Disaster Policy. After a flooding disaster, a state may be provided funding opportunities
from several sources that could also support buy-outs of impacted residential properties that are located in
the SLR-XA. The State, Counties, and local communities should prioritize investments in qualified
properties and facilities as a way to remove them from the areas of inundation and return the existing land
to its pre-development condition and prevent future development. Where possible, government and
communities should also focus post-disaster recovery funds on rebuilding infrastructure in areas that are
out of the areas of present day flood zones and the SLR-XA. If the infrastructure cannot be removed, then
efforts should be focused on making them more resilient to sea level rise and flooding through the recovery
process.

One example of potential funding would be through the HMGP that is provided after a presidentially
declared disaster. According to FEMA: “the purpose of the HMGP is to help communities implement hazard
mitigation measures following a Presidential Major Disaster Declaration in the areas of the state, tribe, or
territory requested by the Governor or Tribal Executive. The key purpose of this grant program is to enact
mitigation measures that reduce the risk of loss of life and property from future disasters.” A second potential
funding source would be the CDBG-DR program. When appropriated by the U.S. Congress, these funds
may be used in eligible areas of the community for un-met needs focused on residential housing buy-outs,
elevations and rehabilitation projects/programs. The funds may also be used for infrastructure and
economic development. All three major uses of these funds can focus not only on recovery from a disaster,
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2014 (Washington 2017), is an interagency working group composed of more than 25 federal, district,
regional, and academic partners working to collaboratively address flood risk in the area. The team has
established five task groups: Development of Flood Inundation Mapping/Stream Gauges; Flood Emergency
Planning; Interior Drainage Flooding; Levee Certification and Accreditation; and Flood Risk
Communication. Each task group has responsibilities that aid in fulfilling the team’s overall mission and
goals. The risk communication group has developed an internal and external communication guide to
ensure consistent and clear messaging to the public, as well as standards for communicating between
agencies that are a part of the team.

9.2 Continue to support the Office of Planning and DLNR, OCCL to provide leadership, technical
support, education and outreach, and interagency coordination to the Hawai‘i Climate
Commission and other stakeholders for sea level rise

Together, the OCCL, CZM, and the county planning departments, are responsible for regulating
development and managing resources along a changing shoreline. These offices already face substantial
challenges in their permitting and planning processes due to the predominant trend of coastal erosion and
ever-growing pressure to develop and protect private shorefront lands and infrastructure. The burden on
these offices will continue to grow in coming years as flooding and erosion impacts become more severe
and frequent with increasing sea level rise. Once the Report is released, the OCCL, CZM, and the county
planning departments should continue to provide leadership and coordination among government
agencies, nongovernment organizations, private sector stakeholders, and communities in understanding
the consequences of sea level rise and applying this knowledge to their decision-making. Partnerships with
the University of Hawai‘i Sea Grant College Program and others should be leveraged to provide support.
At the direction of the Hawai'i Climate Commission, the OCCL, CZM, and the county planning departments
should be responsible for implementing many of actions based on the Report's Recommendations.

9.3 Develop a multi-agency, multi-media, and multi-stakeholder education and outreach program
as part of a long-term commitment to building an informed and active constituency on climate
change mitigation and adaptation

A comprehensive education and outreach program should be developed and maintained informed by the
latest research in social science and guidance on climate change communication (FEMA 2013, Center for
Research on Environmental Decisions and ecoAmerica 2014, Center for Research on Environmental
Decisions 2009). Consistency in messaging is critical. A program for public information built off the best
practices established by the NFIP CRS should be developed. This program should identify appropriate
messages for various target audiences; projects, programs, and other community efforts that should convey
these messages. materials to be used to support the identified messages,; and ways to determine the
success of identified outreach.

Outreach materials and messages would require an adaptive approach as sea level rise science changes
and lessons are leamed about effective outreach. Communication channels should be two-way, providing
multiple opportunities for stakeholders to share information, good practices, and lessons in adapting to sea
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with the Hawai'i Climate Commission and other stakeholders. In addition, sequencing considerations and
synergies among the recommendations need to be recognized and planned for. These priorities,
sequencing, and synergies are described below to begin the discussion for transforming from “business as
usual” to concrete, implementable actions.

Education and outreach at all levels was identified as a priority. This includes state and county government,
the private sector, and the public including children. A comprehensive education and outreach program on
sea level rise vulnerability and adaptation (Recommended Action 9.3) is needed to communicate the results
of this Report and engage stakeholders over the long-term. A communication and outreach strategy and
clear and consistent messaging and materials, such as factsheets, presentations, and other materials, are
needed to support questions from the public as well as from state and county agencies and other
stakeholders. Engaging communities in monitoring the impacts of sea level rise (Recommended Action 8.2)
should form one component of this education and outreach program that would not only raise public
awareness of the impacts of sea level rise but also generate ideas and lessons on how to adapt. Continued
support of DLNR, OCCL and other entities, such as the Office of Planning, CZM, and county partners
(Recommended Action 9.2) is needed to support a state-wide response to sea level rise. Staff and funding
for OCCL would not only support the education and outreach program, but provide technical and
administrative support to the Hawai'i Climate Commission (Recommended Action 9.3) on all matters related
to sea level rise.

State and county agencies have been asking for guidance on planning for sea level rise. The use of the
SLR-XA with 3.2 feet of sea level rise as a vulnerability zone (Recommended Action 1.1), identified as a
priority by state and county agencies, would serve as an important benchmark for planning. While sea level
rise projections used to develop the vulnerability zones may need to be updated as new science and
modeling become available (Recommended Action 8.1), this eventuality should not paralyze (i.e., “paralysis
by analysis”) the use of this vulnerability zone for strategic planning now. Complementary Recommended
Actions 2.1 and 3.1, and 3.3 should be considered to provide state vulnerability zone design standards and
regulatory flood controls for new development and critical infrastructure in areas subjected to chronic and
event-based flooding. Guidance on integrating community resilience to coastal hazard and sea level rise
(Recommended Actions 1.5) would also help the State, Counties, and communities use the results of this
Report and other data and information for planning.

A lands inventory (Recommended Action 1.3) should be conducted to identify opportunities and constraints
for redevelopment within urban land use zones of each county. These opportunities and constraints would
help to identify crtical infrastructure that needs to be protected or relocated, potential areas for
redevelopment as part of a managed retreat strategy, and areas that need to be preserved for ecological,
cultural, recreation, and economic values. In addition to the lands inventory, the identification of shoreline
protection and preservation priorities (Recommended Action 1.6) and legacy beach conservation priorities
(Recommended Action 4.1) should be fast-tracked to help place boundary conditions on shoreline armoring
needed to support planning and enable legacy beaches to persist. Together, these recommendations
should provide the basis for identifying priority target areas for redevelopment (Recommended Action 3.2).
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Finally, guidance is needed on integrating adaptation to sea level rise into state, county and community

plans (Recommended Action 1.5) as part of comprehensive managed retreat strategies. As part of this

guidance, the development of a community visioning process was identified during stakeholder

consultations and workshops as a priority to help communities plan for sea level rise. This guidance can be
' developed now and updated over time as new requirements and priorities are established.

The Hawai‘i Climate Commission should support the establishment of a commiittee to develop prioritization
criteria for identifying priority target areas for smart redevelopment as a part of a managed retreat strategy
(Recommended Action 2.2). An early action could be to integrate sea level rise in the environmental review
process and the Hawai‘i CZM Act (Recommended Actions 2.9 and 2.10). All major new development and
capital improvement projects should be subjected to an in-depth analysis of sea level rise impacts based
on elevation, tolerance for risk, and lifetime of the structure (Recommended Action 2.7). Overall, there is a
need for in-depth assessment of vulnerability and evaluation of adaptation strategies for all critical
infrastructure through the State (Recommended Action 8.3).

Technical and financial support is needed to initiate a state-wide CRS program (Recommended Action 3.3).
Participation in the CRS improves flood risk management for both riverine and coastal flooding and provides
incentivizes in terms of lower flood insurance rate premiums. The State and Counties should work together
to identify actions that can be taken to obtain credits to enable CRS participation by Kaua'i and O‘ahu and
to increase the CRS rating of Maui and Hawai'i. The following recommendations may contribute to credits
under the CRS: (a) developing education and outreach on improving flood risk management (as part of
Recommended Action 10.1), (b) integrating coastal hazards with sea level rise in hazard mitigation plans
(Recommended Action 4.5, identified priority), (c) encouraging property owners located outside FEMA-
designated flood zones to purchase flood insurance (Recommended Action 4.4), and (d) requiring the
mandatory disclosure for private properties and public offerings located in areas with potential exposure to
sea level rise (Recommended Actions 8.3 and 10.1).

The coastal modeling and vulnerability assessment presented in this Report would need to be reviewed as
part of the 5-year update process (Recommended Action 8.1) as mandated under Act 32. The Hawai'i
Climate Commissian should set priorities for (Recommended Action 9.2) the 5-year update of this Report
and develop a monitoring and evaluation plan to track progress (Recommended Action 9.5) and support a
learning and adaptive management approach. Research, assessment and monitoring priorities should be
identified to support the 5-year update (Recommended Action 8.4). These priorities should be funded now.

Finally, financing and incentives for sea level rise adaptation (Recommendation 7) are needed to support
many of these recommendations. As part of a multi-pronged financing strategy (Recommended Action 7.2),
the establishment of a sea level rise adaptation trust fund, if established now with a core amount and regular
and modest inputs over time, could accrue to a substantial and sustainable financing means to help highly
vulnerable and low-income residents with buy-out programs (Recommended Action 7.5) or other adaptation
measures. The expldration of TDRs and PDRs (Recommended Action 7.4) to facilitate managed retreat
from the shoreline was identified as a priority. Further, TDRs and PDRs should be prioritized to support
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