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II.  EXECUTIVE SUMMARY
The University of Hawai‘i Sea Grant College Program, School of Ocean and Earth Science and Technology, 
and the School of Architecture are working on an academic research project: “Envisioning In Situ Sea 
Level Rise Adaptation Strategies for a Densely Developed Coastal Community, Waikīkī”. Waikīkī is too 
important to immediately retreat from sea level rise and will need to rely on an “in-place” adaptation 
strategy. To date, no such strategy has been described in detail. This research merges science with design 
to create conceptual design renderings as part of the near-term research to help visualize sea level rise 
adaptation methods, compel community discussion, and motivate large-scale decision making toward a 
positively adaptive built environment in densely developed coastal communities.

A diverse group of stakeholders were invited to 2-hour workshops held online in mid-2021. They 
represented interests of businesses, landowners, government employees, elected officials, residents, 
consultants, urban planners, and design professionals. They were surveyed during the workshop and 
showed a high level of concern about the potential effects of sea level rise on Waikīkī and the need to 
develop policies around this issue.

The presentation started with an introduction of the science of sea level rise. Many factors contribute 
to sea level rise, including thermal expansion of ocean water, melting ice sheets and glaciers, and 
extraction of groundwater, as well as local variations. Of the multiple sea level rise projections developed 
by the Intergovernmental Panel on Climate Change (IPCC) and National Oceanic and Atmospheric 
Administration (NOAA), the Intermediate, Intermediate-High, and High scenarios are recommended 
for modeling impacts.  In Hawai‘i, projected impacts of 3.2 feet (0.98 m) of sea level rise include 25,800 
acres of land experiencing chronic flooding, erosion, and/or high wave runup (DLNR, 2017), impacting 
$19 billion in assets. Sea level rise is likely to accelerate, the frequency of high tide flooding is projected 
to increase, and groundwater inundation and drainage system blockage will cause flooding.

Next, the team presented potential flood adaptation strategies for (1) buildings; (2) open spaces; (3) 
transportation; and (4) utilities in Waikīkī using diagrams, renderings, and photos. Participants’ survey 
responses showed that most were familiar with the strategies presented and the majority of participants 
thought all strategies were applicable to Waikīkī. This indicated that the research team had identified 
relevant strategies that should be incorporated into their future renderings of architectural and urban 
flood adaptation strategies.

Finally, the participants discussed their likes, dislikes, ideas, and concerns for each strategy in small 
break-out groups, which are summarized in this document. The comments are diverse and sometimes 
contradictory. Several unprompted themes emerged from observation of the participants’ comments: 1) 
policy, public buy-in, and permitting/regulations; 2) financial; 3) timing, sequencing, and application. 

This stakeholder workshop summary document provides a snapshot of the stakeholders’ familiarity with, 
and perceived applicability of the flood adaptation strategies presented. The sentiments on potential 
adaptation strategies are a useful resource for future design teams, policy makers, and building and 
landowners, who may build upon this work with future design and policy proposals. 
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III.  INTRODUCTION

The 2021 Workshops

With sea level rise, densely urban Waikīkī on O‘ahu, Hawai‘i will need an “in-place” adaptation strategy 
that has yet to be defined and envisioned. A research team at the University of Hawai‘i Manoa (UHM) is 
creating conceptual design renderings and a written design brief to visualize preliminary flood adaptation 
strategies in Waikīkī. The team hosted a series of workshops with a diverse set of 71 stakeholders to 
facilitate discussion in small break-out groups. The team presented a summary of sea level rise science 
followed by examples of sea level rise adaptation strategies and sought participants’ feedback on their 
applicability to Waikīkī. The objectives of the workshops were to establish a common understanding of 
sea level rise and adaptation responses among a cross-section of stakeholders, as well as elicit feedback 
to inform conceptual design renderings. 

UHM Interdisciplinary Team:
Wendy Meguro, AIA, LEED AP BD+C, Associate Professor, School of Architecture and  
Hawai‘i Sea Grant
Chip Fletcher, PhD, Interim Dean, School of Ocean and Earth Science and Technology (SOEST)
Dolan Eversole, MS, Coastal Systems Extension Agent for Hawai‘i Sea Grant and Waikīkī  
Beach Coordinator
Ireland Castillo, Doctorate of Architecture candidate and Hawai‘i Sea Grant
Josephine Briones, Doctorate of Architecture candidate and Hawai‘i Sea Grant
Eileen Peppard, MS, Sustainability Specialist, Hawai‘i Sea Grant

Each workshop lasted two hours and covered the following topics:
• Description of sea level rise science and its planning implications.
• Flood adaptation principles relevant for Waikīkī buildings, open spaces, transportation, and 

utilities.
• A 45-minute discussion session with three to four break-out groups, each with four to five 

participants, moderated by UH team members.
• A short re-cap of the break-out discussions.
• A survey before and after each workshop was used to gauge changes to participants’ 

understanding of sea level rise and potential adaptation responses. 

Five sessions were held for the same workshop. The dates (71 attendees total) were March 29 (7 UH 
students), May 14 (13), June 21 (15), June 23 (19), and June 25 (17) in 2021. Not all attendees were 
able to stay for the break-out sessions. The workshops were recorded to ensure participants’ input was 
captured for use in this document and as input to develop the designs. To encourage robust discussion, 
participants were asked to use the “Chatham House Rule”, which states that participants are free to use 
the information received, but neither the identity nor the affiliation of the speaker or participants may be 
revealed.

This report summarizes information disseminated during the workshops as well as stakeholder feedback. 
During the discussion, moderators worked through various adaptation strategies in order from #1 to #15. 
Because the time allotted to break-out discussions (45-minutes) turned out to be insufficient to discuss 
all strategies, several design concepts did not get adequate consideration. Slides from the 2021 workshop 
presentation, which contain useful visualizations, can be found on the project page on the Hawai‘i Sea 
Grant website at https://seagrant.soest.hawaii.edu/meguro-adapting-waikiki/.  Figure 1 is a sample of the 
renderings of adaptation strategies shown in the slides.

https://seagrant.soest.hawaii.edu/meguro-adapting-waikiki/
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Figure 1. Workshop presentation renderings demonstrating two adaptation strategies for buildings.
Available at: https://seagrant.soest.hawaii.edu/meguro-adapting-waikiki/

Design Research in Sea Level Rise and Climate Change Adaptation

This workshop was one step in a multi-year, interdisciplinary research project beginning in 2020 that 
synthesizes research from multiple disciplines into a coordinated and coherent effort to identify and 
visualize sea level rise adaptation strategies for a dense coastal community. First, faculty and students 
conducted background research in a graduate research elective course, learning from emerging 
flood resilience standards and guides, case studies, and flood hazard maps. Students and graduate 
research assistants identified the flood adaptation strategies that seem relevant for Waikīkī, created 
diagrams, collected photographs of each strategy, presented them in the 2021 workshops, and solicited 
stakeholder input. Graduate research assistants then created site-specific urban and architectural 
renderings of a habitable, attractive, economically vibrant Waikīkī with potential future flood adaptation 
strategies. Future stakeholder meetings are planned to review and elicit feedback on the draft 
renderings, before revising and publicly sharing them. The renderings would then contribute to design 
guides, educational presentations, pilot projects, and new policies or incentives that prepare for future 
flooding. Throughout the process, UH investigators regularly shared and discussed advances with key 
officials at the City and County of Honolulu Department of Planning and Permitting (DPP).

This project is a collaborative effort with the Office of Naval Research Climate Resilience Initiative 
at SOEST, which is conducting innovative numerical modeling of sea level rise-related flood hazards 
including monitoring and modeling of wave run-up, coastal erosion, groundwater inundation, heavy rain 
and run-off, king tides, hydrostatic flooding, and compound events. As shown by Habel et al. (2020), 
groundwater inundation is a leading threat in the primary urban core, including Waikīkī. This UHM team 
is also collecting other UH research products on flood resilience in Waikīkī and will post all resources on 
a publicly accessible website.

https://seagrant.soest.hawaii.edu/meguro-adapting-waikiki/
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Brief Introduction to the Science of Sea Level Rise

According to Frederikse et al. (2020), the causes (and relative proportion) of global mean sea level rise 
since 1900 include thermal expansion of ocean water as it absorbs heat from the atmosphere (45.7%), 
melting of the Greenland (15.2%) and Antarctic ice sheets (9.0%), melting of mountain glaciers (19.3%), 
and extraction-use-discharge of groundwater from continental aquifers for human purposes (10.8%). 
Global sea level has risen by about 8 inches since scientific record keeping began in 1880 and the rate 
of global sea level rise has increased in recent decades (USGCRP, 2021). Measured over 28 yrs of global 
altimetry missions (1993–2021; AVISO, 2021), the rate of sea level rise is 1.38 inches per decade (3.51 
mm/yr). Over the past decade (2011–2021), the rate increased to 1.74 inches per decade (4.43 mm/yr).

Several aspects of sea level rise are not widely known but should be taken into account when developing 
local adaptation plans.

1.  Many low-lying coastal areas may be topographically isolated from direct marine flooding. 
However, they may still be vulnerable to groundwater inundation.

2.  Engineered drainage systems may backflow saltwater onto streets as part of sea level rise.
3.  The first evidence of sea level rise is coastal erosion and high tide flooding, both of which have 

already increased on O‘ahu and elsewhere in Hawai‘i. 
4.  Hawai‘i, and other tropical Pacific locations, will experience amounts of sea level rise that are 

greater than the global average.

The frequency of local high tide flooding has increased from 6 to 11 days per year since the 1960’s (Mar-
ra and Kruk, 2017). Due to global gravitational effects, estimates of future sea level rise in Hawai‘i and 
other Pacific islands are about 20–30% higher than the global mean (Sweet et al., 2017). The statewide 
impacts of 3.2 feet (0.98 m) of sea level rise include 25,800 acres of land experiencing chronic flooding, 
erosion, and/or high wave runup (DLNR, 2017). One-third of this land is designated for urban use and 
impacts include more than $19 billion in assets.

Acceleration of sea level rise (Nerem et al., 2018) is likely to increase with continued global warming 
(Dangendorf et al., 2019). Global mean sea level is projected (IPCC, 2021) to rise 1.44–2.49 feet 
(0.44–0.76 m) to 2.06–3.31 feet (0.63–1.01 m) by the end of the century (Figure 2). However, a rise 

Figure 2. Global mean sea level 
change (m) relative to 1900. 
Historical observations from 
tide gauges and altimeters. 
Future changes projected with 
ice sheet, glacier, thermal 
expansion, and anthropogenic 
use models. Likely ranges 
shown for model scenarios 
SSP1-2.6 and SSP3-7.0 (IPCC, 
2021). Dashed curve shows 
83rd percentile of SSP5-8.5 
projections that include low-
likelihood, high-impact ice sheet 
processes that cannot be ruled 
out (from Figure SPM.8 Panel 
d) in IPCC (2021) Summary for 
Policymakers).
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approaching 6.56 feet (2 m) by 2100 and 16.40 feet (5 m) by 2150 cannot be ruled out, as there remains 
deep uncertainty regarding ice sheet processes. Findings by Weber et al. (2021) suggest that the present 
mass loss acceleration of the Antarctic ice sheet may mark the beginning of an ice sheet retreat period 
that will contribute to substantial global sea level rise for centuries to millennia

Thwaites Glacier in West Antarctica could rapidly increase the rate of sea level rise if its floating ice shelf 
collapses. Several observations of Thwaites Glacier are of special concern: it has doubled its outflow 
speed over the last 30 years; its base has eroded rapidly; new giant fractures have been observed; and 
researchers are concerned that part of the shelf could shatter within five years (Witze, 2021). Thwaites 
holds enough water to raise sea level by more than 2 feet and could lead to 10 feet of sea level rise if it 
draws surrounding glaciers with it.

Concerns that IPCC modeling focuses on the low end of possible outcomes (Siegert et al., 2020), thus 
detracting attention from plausible high-end impacts, are consistent with observations of accelerated 
melting of the Greenland Ice Sheet (Aschwanden et al., 2021) and West Antarctic Ice Sheet (DeConto 
et al., 2021). Observations show accelerating ice discharge in the Amundsen Sea sector (Joughin et 
al., 2021), lending further credence to concerns about multi-meter sea level rise this century (Hansen 
et al., 2016). Given key uncertainties (Choi et al., 2021) in ice sheet mass loss (Pattyn and Morlighem 
(2020) and long-term responses to warming (Clark et al., 2016), this issue continues to motivate coastal 
communities to engage in planning for unique and demanding scenarios (Day et al., 2021) for which few 
professionals have formal training (Nicholls et al., 2021).

Because no single physical model accurately represents all major processes contributing to sea level 
rise, NOAA developed scenarios for both global mean and local relative scenarios to 2100 that frame 
risk tolerance for use by planners (Figure 3; Sweet et al., 2017). However, their Low and Intermediate-
low scenarios are already exceeded by the observed acceleration of global sea level rise 2.13 ft (0.65 
± 0.12 m; Nerem et al., 2018). Thus, the Intermediate, Intermediate-High, and High relative SLR values 
represent more realistic scenarios for modeling impacts.

Figure 3. Six representative 
global mean sea level rise 
scenarios for 2100 (six 
colored lines) relative to 
historical geological, tide 
gauge, and satellite altimeter 
reconstructions from 1800–
2015 (black and magenta lines). 
Figure from Sweet et al. (2017).
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The local expression of SLR can differ significantly from the global mean SLR (Kopp et al., 2014). In 
addition to vertical land motion and spatially varying patterns of ocean heat storage, gravitational effects 
related to mass loss produce unique local and regional sea level deviations (Fox-Kemper et al., 2021). 
Additionally, present day 100-yr extreme sea level events are projected to occur at least once a year by 
the end of the century, even under only 1.5°C of warming (Tebaldi et al., 2021). Local mean sea level rise 
predictions for Honolulu for the Intermediate to High scenarios range from 1.5–2.5 ft for 2050, 4.3–8.8 ft 
for 2100, and 12–31 ft for 2200 (Figure 4).

Figure 4. Workshop slide with local mean sea level rise (ft) predicted for different scenarios at different time frames from the 
year 2030 to 2200.

Currently, over 70% of beaches in Hawai‘i are in a state of chronic erosion (Fletcher et al., 2012) due to 
long term sea level rise (Romine et al., 2013) and coastal hardening (Romine and Fletcher, 2012). This 
caused a combined loss of 15 miles (24.1 km) of beaches on Kaua‘i, O‘ahu, and Maui, which constitutes 
9% of the sandy shoreline (Fletcher et al., 2012). The Hawai‘i Department of Transportation estimates 
that with 3.3 feet (1 m) of sea level rise, 10–15% of the State’s highway system would be affected (HI 
DOT, 2019). This translates to a total $15 billion of coastal roadway under threat by sea level rise. This 
figure assumes the State will need $7.5 million for every mile of highway road that must either be raised, 
pushed back, or relocated entirely to escape erosion and flooding in the next 50 to 100 years—and $40 
million for every mile of bridge (Civil Beat, 2018).

The scientific community is in uniform agreement that with continued emissions, future sea level rise 
will be many feet higher, rising much faster, and is essentially unstoppable. The ocean will take many 
centuries (beyond 1,000 years) to fully equilibrate water temperature with air temperature, so it will 
continue to thermally expand even if global warming is stopped (IPCC, 2021). Michael Oppenheimer, 
lead author of the 2019 IPCC report on sea level rise (Oppenheimer et al., 2019) says that of all the 
scientific prediction scenarios, there is no scenario in which sea level rise stops this century.

Low-lying elevation areas in Hawaiʻi already flood during extreme tides and are projected to worsen 
over the next decade (Thompson et al., 2019). High water levels develop for multiple reasons, such as 
when eddy-like anomalies are coincident with high background sea levels (Firing and Merrifield, 2004). 
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Figure 5. Visualization of 98 cm (3.2 ft) SLR impacts, Waikīkī. Left – Blue = wave and hydrostatic flooding, Red = 80%ile coastal 
erosion. Right – Potential economic loss. According to Table 3, under the SSP5-8.5 scenario of the IPCC 6th Assessment Report, this 
level of flooding is projected f Workshop presentation renderings demonstrating two adaptation strategies for buildings or the 
final two decades of the 21st Century. However, under the NOAA High, or Intermediate High scenarios, this flooding would occur 
sooner (Image credit https://www.pacioos.hawaii.edu/shoreline/slr-hawaii/).

Under these conditions, there is greater exposure to seasonal wave inundation (Guiles et al., 2019), 
coastal erosion (Anderson, 2015), groundwater inundation (Habel et al., 2019), and drainage system 
blockage (Habel et al., 2020). Numerical modeling can be used to simulate these and other impacts. 
The Pacific Islands Ocean Observing System (PacIOOS) Hawaii Sea Level Rise Viewer provides users 
with visualizations and downloadable GIS digital files showing SLR impacts including coastal erosion, 
hydrostatic flooding, annual wave run-up, and potential economic loss (Figure 5; Anderson et al., 2018).

Waikīkī during August 18, 2020 King Tide event. Photo by Dolan Eversole. Hawai‘i Sea Grant King Tides Project, 2020.

https://www.pacioos.hawaii.edu/shoreline/slr-hawaii/
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IV.  STAKEHOLDERS’ RESPONSES TO SURVEY QUESTIONS
This section summarizes the responses to survey questions asked during the workshops. The survey 
was designed to determine: who the stakeholders were; what level of knowledge and concern they had 
about sea level rise and the possible effects on the buildings and infrastructure of Waikīkī; and if their 
views changed after seeing the presentations. Additional survey responses and workshop evaluations 
can be found on the Hawai‘i Sea Grant website at: https://seagrant.soest.hawaii.edu/meguro-adapting-
waikiki/.

The participants were asked how they identified themselves in relation to Waikīkī (e.g., business owner, 
employee, etc.) and could select multiple options that applied to them. All categories were represented 
and the most commonly selected categories were other, government employee, urban planner, 
consultant, and Hawai‘i resident visiting Waikīkī (Table 1).   

Table 1. How workshop participants identified themselves in relation to Waikīkī.

Response # Votes Response # Votes

Other 16 Resident living in Waikīkī 5
Government employee 16 Owner of land in Waikīkī 5

Urban planner 14 Recreation industry 2

Consultant 12 Owner of a business in Waikīkī 2

Hawai‘i resident visiting 10 Elected official 2

Architect 8 Manager of a business in Waikīkī 1

Cultural or historical interest 7 Employee of a business in Waikīkī 1
Hotel/restaurant industry 6

Attendees were asked to select which areas on grid of Waikīkī (Figure 6) were most important to them. 
They could choose as many as they wanted, and a few chose all of them! All sites within the Waikīkī 
Special District boundary received at least 10 votes. The beach front locations received at least 25 votes. 
The results are shown in Figure 7.

Figure 6. Satellite image of Waikīkī and surrounding areas with numbered grid.

https://seagrant.soest.hawaii.edu/meguro-adapting-waikiki/
https://seagrant.soest.hawaii.edu/meguro-adapting-waikiki/
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IV.  STAKEHOLDERS’ RESPONSES TO SURVEY QUESTIONS

Figure 7. Number of workshop participant votes for areas in Waikīkī that are important to them.

Workshop participants were asked 14 questions about their knowledge of the effects of sea level rise 
and their level of concern about sea level rise before the presentation, and then again afterwards 
to see if their viewpoints changed (only responses from participants who voted both times were 
analyzed). First, they were asked how many feet of sea level rise they anticipated by these timeframes: 
middle of this century; end of this century (i.e., 2100); and by the year 2200. The responses varied less 
after the presentation (Figure 8) and estimates for the year 2200 were higher, indicating participants 
changed their perspectives in response to the presentation. The most popular vote for anticipated sea 
level rise by the end of this century (or the year 2100) was 4 feet, which closely matched the slide in 
the presentation (see Figure 4 in the Introduction section) which indicated that for the Intermediate 
scenario, the predicted global mean sea level rise would be 3.3 feet and the prediction for the Honolulu 
tide station would be 4.3 feet.

Figure 8. Number of votes for different levels (ft) of sea level rise in response to: “How much sea level rise do you anticipate in 
Waikīkī by these time frames?”
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Participants were asked to rank, on a scale from 1 for strongly disagree to 5 for strongly agree, their 
concern about the effects of sea level rise and if the government should develop policies about sea level 
rise. The responses did not change significantly after the workshop as compared to responses given 
prior to the presentation (Figure 9). This is probably due to self-selection: the participants already had 
a strong interest in the topic and chose to join the 2-hour workshop. Participants responded that they 
felt more informed about sea level rise after the presentation (average ranking was 4.3 vs 3.9 before the 
presentation).

Figure 9. Number of votes per rank from disagree (1) to agree (5) for the statements: “I feel concern about sea level rise”, “I feel 
well-informed about sea level rise”, “The government should develop policies about sea level rise”.

Participants were shown an image (Figure 10) of the sea level rise exposure area modeled with 3.2 
feet of sea level rise, annual high wave flooding, and coastal erosion, depicted by the Hawai‘i Sea 
Level Rise Viewer (Hawai‘i Climate Change Mitigation and Adaptation Commission, 2021). The red 
line depicts coastal erosion. Participants were asked what affect this would have on road closures, 
flooding basements, flooding first floors, and coastal erosion, ranked on a scale of 1 for little impact 
to 5 for severe impact. High scores for concern were observed for all these effects of sea level rise, 
but the highest concern was for flooding basements with an average score of 4.5 (Figure 11). The 
survey responses did not vary much between before and after the presentation except that after the 
presentation the participants thought the effect of 3.2 feet of sea level rise on coastal erosion would not 
be as severe as they had previously thought.
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Figure 10. Image of Waikīkī modeled with the sea level rise exposure area from 3.2 feet of sea level rise, annual high wave 
events, and coastal erosion and displayed in the Hawai‘i Sea Level Rise Viewer.

Figure 11. Number of votes per rank from little impact (1) to severe impact (5) for the estimated effect of 3.2 feet of sea level 
rise, before and after the presentation.

Participants were then shown an image (Figure 12) of passive flooding with 6 feet of sea level rise based 
on NOAA data viewed through the Hawai‘i Sea Level Rise Viewer (Hawai’i Climate Change Mitigation 
and Adaptation Commission, 2021). Participants were asked what effect this would have on road 
closures, flooding basements, flooding first floors, and coastal erosion, ranked on a scale of 1 for little 
impact to 5 for severe impact. Severe impact scores of 4.7 to 5.0 for concern were observed for all these 
effects of sea level rise (Figure 13). Survey responses did not vary significantly between before and 
after the presentation. The images alone appeared to be enough information to elicit concern in these 
stakeholders.
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Figure 12. Image of Waikīkī with passive flooding only from 6 feet of sea level rise and modeled in the NOAA Sea Level Rise 
Viewer v 3.0.0 and displayed in the Hawai‘i Sea Level Rise Viewer.

Figure 13. Number of votes per rank from little impact (1) to severe impact (5) for the estimated effect of 6 feet of sea level rise, 
before and after the presentation.
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V.  STAKEHOLDER FEEDBACK ON STRATEGIES: 
 OVERARCHING THEMES

This section summarizes the comments made during all the workshop break-out sessions to identify 
common themes and record the breadth of ideas shared. During the break-out session, the host re-visited 
each flood adaptation strategy and prompted each participant to comment on its relevance, feasibility, 
concerns, and related issues.
 
Some comments represent several people’s sentiments and the most frequent of these are indicated 
with an asterisk. Because participant comments and questions stimulated conversation within the group, 
comments from the workshop hosts are also included. Unless punctuated with quotation marks, comments 
may have been paraphrased for clarity or brevity. Some participant comments contradict those of other 
participants, which demonstrates the breadth of viewpoints. 

Certain themes arose regularly in the sessions; therefore, subsections were created in this document for 
the reader’s convenience. Participants were not guided by the hosts to address these themes; they were 
free to make any comments on each strategy or on overarching themes. If a theme was not addressed, it 
was not included for that strategy.

The slides from the 2021 workshops and an on-demand webinar recording can be found on the Hawai‘i Sea 
Grant website at: https://seagrant.soest.hawaii.edu/meguro-adapting-waikiki/.

The overarching themes observed in all the workshop break-out sessions are described on the following 
pages and include: 1) Policy, Public Buy-In, Permitting/Regulations; 2) Financial; 3) Timing, Sequencing, 
Application. 

POLICY, PUBLIC BUY-IN, PERMITTING/REGULATIONS

• Bring all city agencies together to get different infrastructure and codes to work holistically. Rank 
strategies by cost and difficulty to implement on a parcel-by-parcel basis.

• Create new design flood elevation and regulations specific to Waikīkī and update building height limits.
• Consider options: a doubled-down engineering solutions vs. nature solutions.
• Holistic approach: sustainability, resilience, environmental quality, and life safety all interconnect.
• More workshops like this to create a comprehensive plan and community involvement.
• Some strategies would be challenged with ADA compliance.
• Getting public buy-in and policy changes take too long: Ala Wai watershed flood management is 

approaching half a billion dollars and going back for comments. The flood was 2004 and 17 years later 
and nothing has been implemented.

• Although inevitable over time, retreat is not being considered for Waikīkī design in the next 50 years. 
Most viable opportunity for managed retreat is post-disaster and starting from scratch. Right now, we 
maintain beaches at great expense and while the cost-benefit ratio is favorable we will continue until 
that is not the case.

• Why keep the status quo? Why was strategic retreat not considered? Was there stakeholder 
engagement? How did we get to this (status quo) assumption? What about a hybrid approach, some 
retreat, and some status quo? (The idea of not considering retreat was introduced by a statement 
made by Mayor Kirk Caldwell.) “What essential services can be operating in that particular area if 
you’re flooded?” “There will be folks that are still willing to live in that environment that has more 
frequent flooding” – two participants’ comments.

• Transferable development rights were discussed.

https://seagrant.soest.hawaii.edu/meguro-adapting-waikiki/
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“

• Educate community so we can be proactive. A truly damaging event will be a wakeup call. That’s 
when there will be high motivation for more permanent solutions. Some owners will have temporary 
measures like dry floodproofing boards ready to be staged, but most won’t. There is a reluctance to 
spend money to prepare for something that hasn’t been experienced yet. It’s that first event that is 
going to trigger some adaptation and mitigation. It won't occur everywhere at once—it will be a few 
blocks that sees it worst. There’s a fair amount of adaptation already taking place.

• How to get government to step in and be proactive and not rely on each property owner to protect 
their property?

• There might be eminent domain and individual property rights issues for condo buildings. If you take 
retail out of first floors to move to an upper floor, you will be trying to move private condo owners/
residents out of the second floor. Repurposing a first floor of a hotel or apartment building might be 
easier than a building with a combination of retail and condo units.

• If in the future, 20% of the landowners take care of their property, Waikīkī still may be deemed a 
place tourists don’t want to come to because the other 80% of the property and in Waikīkī is smelly, 
damaged, etc. The objective should be to get Waikīkī dry as soon as possible.

• State Water Commission would like to align their policies with any recommendations that come out 
of this study. Shift in water use permits, brackish water use, greywater, and stormwater.

• A major hurricane (Ike) hit Galveston, TX in 2008. Sea life was killed by chemical spills and debris and 
it took a long time to recover. There is more to consider than property damage.

POLICY, PUBLIC BUY-IN, PERMITTING/REGULATIONS (continued)

If we are designing houses and infrastructure with lifespans until at least 
the end of the century—what happens if it’s more than one meter, and then 
what happens after that as sea levels continue to rise? While there is always 
uncertainty in projections, every time new numbers come out of the research, 
it’s worse—accelerating. If a project takes 50 years to build-out, you should 
err on the side of overestimating SLR. In California, they design for 6.7 feet 
by 2100 because there is only a 0.5% chance that SLR will exceed those 
numbers, and they made a policy choice to be very precautionary. But critical 
infrastructure must be designed for 10 feet by 2100 because they have even 
less tolerance for risk of underestimating. It was a political decision on how 
much risk to tolerate. 
    – workshop participant, May 14, 2021

FINANCIAL

• No cost-benefit analysis has been done yet for one strategy vs another.
• There were questions about whether properties can become uninsurable if first floors become 

basements when the road is raised.
• People need help deciding where and how to invest. Understand how often flooding or hurricane 

events might occur and make a calculation on what to do with their property. That’s the next step.
• Flood/hurricane insurance: using adaptation strategies may lower insurance premiums.
• Leverage federal emergency funds: have a vision and make a plan. When a huge hurricane or tsunami 

wipes out a large portion of Waikīkī, build back better using the plan.
• Equity issues for property owners who can’t afford to make the necessary changes. Affluent people 
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FINANCIAL (continued)

will be able to elevate or dry floodproof. That would cause adverse issues on the properties of less 
affluent people. Equity: spending all this on Waikīkī and not other parts of the island.

• Adapting our sewer systems could be a $500 billion infrastructure project easily. Sewer systems 
need to be taken out of centralized infrastructure. Each building or group of buildings should be able 
to treat their own sewage. Self-contained and more sustainable: combine with energy and water 
efficiency to increase resilience of buildings.

• King tides in Miami Beach are an order of magnitude worse than Waikīkī and there is not a significant 
impact on the cost of real estate there. Researchers at UH Manoa are conducting a study on the 
effects of sea level rise on property value and managed retreat in Honolulu (Tarui et al., 2021). 

“I’m really interested in the visualizations that are in this project… it’s a higher 
level than what we’re getting from a lot of our consultants in our projects 
right now. 
   - workshop participant, June 21, 2021

TIMING, SEQUENCING, PRE-DISASTER PLANNNING, APPLICATION

• Given an assumption of one meter of sea level rise by the end of this century, we need a timeline 
established for adaptation decisions to be made so we get it done in time.

• Sea level rise is not going to stop at 2100. Will this adaptation have to be done all over again in the 
next century?

• Waikīkī already built-out, we will need to knock down old buildings, elevate new ones.
• Can’t do it [adaptation strategies] all at once: plan the sequence of adaptation implementation. Use 

interim solutions while planning long-term solutions. Combination of solutions in a phased manner.
• This century may be a transitional period, occasionally flooded until permanently inundated.
• Use whole block adaptation rather than parcel by parcel. Roads must be raised on a block or 

regional scale.
• Visualize an ideal endpoint: if you started from scratch, what would it look like? Then if a category 

five hurricane destroys half the building stock of Waikīkī, you have a mass building event instead of 
100 years of redevelopment.

• Sea level rise is a slow, permanent problem, but we are going to be hit by a big event: hurricane or 
tsunami before SLR permanently inundates.

• Use adaptive designs: design in the capacity to adjust to a higher sea level; retrofit when the time 
comes.

• Buy empty lots now to use for flood mitigation, use “open spaces” strategies.
• Which strategy is applicable depends on the context and how the building relates to the street.
• Planning horizon: at first designs might be overbuilt for the [flood] conditions, then ideal for existing 

conditions, then it’s underbuilt and needs to be adapted again.
• In 80 years, [electricity in] Waikīkī should be 100% renewable [energy] and have [electrical] sub-grids 

with battery systems within Waikīkī and surrounded by water. An island within an island concept.
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VI.  STAKEHOLDER FEEDBACK ON STRATEGIES 
       RELATED TO: BUILDINGS

#1 Elevate on Open Foundation
This was familiar to most stakeholders. Twice as many people 
thought it was applicable to Waikīkī than those who did not. See 
the 2021 workshop slides 41–51 for diagrams, renderings, and 
photos of strategies for buildings. The link is on this webpage: 
https://seagrant.soest.hawaii.edu/meguro-adapting-waikiki/.

General & Recurring Themes*
 (Items marked * were most frequent)

VIABILITY: 
• *Easier for new builds, low rise makes sense, retrofit challenging for large buildings. 
• Two options for existing buildings: lift whole building and add the support columns (very few 

examples for large buildings) or convert the ground floor to open it up, transition it to a common 
area/pass through.

STRUCTURAL STRENGTH & PRACTICALITY: 
• *How to protect the building from erosion/corrosion?
• Is a stilt foundation strong enough? 
• Materials must be waterproof. 
• Retrofit: needs structural integrity, needs engineering, move electrical systems up. 
• Velocity of water, impact of floating debris causing damage.

APPLICATION: 
• Interim solution for transient flooding, not permanent sea level rise; “living with water”.

PERMITTING & POLICY: 
• *Encourage city not to penalize developers; allow them to take the height limit from new 

elevation rather than existing ground level. 
• Need regulations to incorporate sea level rise adaptations.

FINANCIAL: 
• Compare the cost of lifting vs. protecting it using other strategies; costly to retrofit.
• Eliminating that much real estate and parking would have a large financial impact. 
• Pedestrian traffic important for retail; “Kalakaua is the third strongest street for sales in the 

country by state.” 
- workshop participant.

• Private landowners will be on their own to adapt their properties; City and State’s top priorities 
will be infrastructure adaptations.
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Elevate on Open Foundation

TRANSPORTATION: 
• Our transportation system needs to change if we lose that much parking; envision: no car traffic 

areas, better public transportation, and biking. 
• This would take planning and integration of groups of buildings so pedestrians have a good 

experience.
• Accessibility and ADA compliance concerns.

Less Frequent Themes
• Will this contribute to groundwater pollution and have public health impacts? 
• People getting trapped in lower area.
• If buildings are on slab without footings, what does the ground water rising do to those foundations?
• Area beneath can be used for something when not flooded. Others say, how useful is that space?
• Is there a system that uses flotation devices to raise the buildings?
• Vegetation under building should be flood tolerant.
• It’s good to let the water move where it wants to move, but we will have islands of buildings and it’s 

hard to access them.

Unique or Innovative Comments
• Envision incorporating water throughout Waikīkī with elevated buildings and roadways with 

additional waterways.
• To maintain the of façade historic buildings, there's a building within a building concept where the 

structure within is elevated. 
• Floating buildings were not included as a strategy because of the wave action.
• Maybe buildings aren’t static anymore. In the 1970’s, UH did research on floating cities.
• Make the area under the building a unique habitat that can tolerate sea level rise and use it as a 

public education tool.

#1
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#2 Elevate on Fill
This was familiar to most stakeholders. Twice as 
many people thought it was applicable to Waikīkī 
than those who did not.

General & Recurring Themes
(Items marked * were most frequent)

VIABILITY: 
• It makes sense, good for a dry Waikīkī; a much better appearance than #1.
• Developers prefer this over #1 for new construction.
• Impractical for large or old structures, just start over. 
• More disruptive than #1 for ground utilities. 
• Would abandoning the basement or first floor and filling it in be a strategy?

STABILITY & PRACTICALITY: 
• *Waikīkī is already on fill; is putting fill on top of fill a problem? 
• *That is a LOT of fill. Where is that going to come from? It would take a long time to truck in that much 

fill. It’s going to be huge, huge, huge volumes. No analysis on quantity needed has been done yet. 
• Fill needs to be compacted, not sure that can be done under an existing building. 
• Might have problems with groundwater rising. 
• Will trap floodwater inland, need to let water out, combine with #1. It affects topography and 

stormwater flows. 
• Envision a series of canals to drain water out, use the dredging as fill. Is canal dredge material too wet? 

POLLUTION: 
• *Unfilled areas become polluted; mosquito infested. 
• Once permanently inundated by ocean, then currents would clean it up. 
• What would be the quality of the fill material? Would potentially contaminated material end up on 

floodwater? 
• If erosion happens, will that fill material end up offshore?

APPLICATION: 
• A better long-term solution than #1. In the short term we would have to look at fill and walls to keep 

ocean out. Raise the backshore like a berm or dam.

PERMITTING & POLICY: 
• *The City would need to allow for higher clearances [maximum building heights]. 
• Kakaako development state-owned land and developer was allowed to take height limit from raised 

level. 
• Should we look at doing this on a block scale and elevating it significantly? Policy question. Coordinate 

elevating buildings with elevating streets. 
• Hard for City to get funding for this, it’s not capital improvements but operational costs. 
• Private landlords (or owners?) must be motivated by getting flooding and sea level rise on their radar. 

No point in the city planning unless the private owners are on board and invest money.
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Elevate on Fill

PERMITTING & POLICY (continued): 
• Retention basins up in watershed to control flooding, build berms and walls.
• Communities don’t like ugly walls, cannot be done in 2–3 years, public buy-in not an easy 

process.

FINANCIAL: 
• Possibly reduced flood insurance costs. 
• If you can’t do this in Waikīkī, you can’t do it anywhere: concentration of capital and the 

bounded footprint seems to make it a good option. 
• Every time you add a barrier to entry of retail space, it reduces sales, for example: stairs or 

closed doors.

TRANSPORTATION: 
• Coordinate fill with existing street level.
• Good to elevate the roads, good for transportation, extend the lifetime of the space.
• Get away from automobiles. Raise sidewalks and let streets become potential retention basin. 
• How do we manage a lineup with sidewalks? (transition from a sidewalk to an elevated building)
• Pedestrian viewpoint: Waikīkī is unique—very open and easy to go in/out of buildings.

 
Less Frequent Themes

• Maybe not sustainable, fill done in Waikīkī before, this needs more debate. 
• “We just found our new landfill location—just stick it under Waikīkī and raise it 6 ft!” - 

participant
• There was a proposal for a construction debris landfill site and the area would need to be 

excavated—use excavated material as fill.
• “‘Do nothing’ is not an option.” - participant
• E.g., Louis Vuitton building has high ceiling—ground floor could come up a few feet and keep 

its character. Sidewalk elevated or have a ramp up. Ideal ceiling height for retail is 16 ft, maybe 
the ground floor should be 20 ft to allow for the floor to be raised in the future.

Unique or Innovative Comments
• We need a holistic approach: in densely populated Waikīkī, what one building does (strategy) 

affects its immediate neighbors. Problems with water run-off from higher properties to lower 
properties.

• If sea level rise keeps accelerating, we may not be able to keep will filling [raising on fill], maybe 
a more dynamic system of jacking up the building would be better. 

#2
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#3 Dry Floodproofing
This was familiar to most stakeholders. Twice as many 
people thought it was applicable to Waikīkī than those who 
did not.

General & Recurring Themes
(Items marked * were most frequent)

VIABILITY: 
• Temporary, established technology, part of the toolkit, need to find other solutions in meantime.

STRUCTURAL STRENGTH & PRACTICALITY: 
• *Temporary barriers can’t hold the impact of a wave, strong current, or tsunami.
• *There is a folly in thinking we can dry floodproof, which only protects from king tides, big rain 

events and slowly rising sea level when we will be hit by a big hurricane or tsunami before those 
issues become a major problem. 

• *Would not work with higher water (pressures); structure probably not designed to handle this.
• This works great until it doesn’t. Eventually you’ve got to fill it. If elevators and electrical get 

flooded, it gets expensive. “It’s not bulletproof.” - workshop moderator
• Sometimes during a hurricane, those barriers end up in the building itself, causing problems.
• It totally cuts off access. Create a second, usually second-floor alternative access above this dry 

floodproofing level. Design allows access to first floor during non-flooding times
• We are doing this today, a lot of utility spaces in Waikīkī are currently below the water level and 

it’s a constant battle to keep them waterproofed.
• As Dr. Shelley Habel’s research shows, groundwater comes up, compounding the problem. How 

effective would dry floodproofing be?
• Needs to totally cover the circumference of the building.
• If keeping it dry requires pumping and the power goes out… this seems impractical.

APPLICATION: 
• *Temporary barrier for big rain events; Band-Aid for event-based flooding, a near-term bridge. 
• *Transitional deployment, infrequent events, wakeup call for a more long-term solution, for one 

foot of water.
• *An obvious solution that needs to be combined with others like moving vital utilities to higher 

floors.
• *Anything below DFE should not be critical for the facility. Applicable for non-residential ground 

floor space, life safety risk, don’t make it livable floor.
• Good for existing wastewater pump systems for now; they are testing geotextile coatings; using 

submarine-type doors.
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Dry Floodproofing

PERMITTING & POLICY: 
• Balance community interests, nature-based solutions, and risk.
• Hard to dry floodproof at this magnitude for whole economic tourist district. Public buy-in slow.

FINANCIAL: 
• *Inexpensive in the short-term.
• *Might make sense on price tag but what’s the risk there?
• *A lot of liability. Really risky from an insurance perspective. Prone to fail.

Less Frequent Themes
• Water finds its way down… no matter what.
• There are floodgates at Dole Cannery, it would be interesting to hear how well they work.
• Could there be a sea wall where you can raise a gate to protect against tsunamis?
• No water inside: concern about higher hydrostatic pressure from water outside. E.g., on Jersey 

Shore concrete buildings popped up. Or water could crush it.
• Failure is catastrophic. Needs maintenance, gaskets, e.g., Houston courthouse did not dry 

floodproof everything and sewer water shot up to 16th floor and cascaded all over. Need to 
reinforce walls, i.e., 63 pounds per cubic foot.

• Need telemetry system, can’t rely on people to close off walls and doors.
• Recommend bioswales, etc., to reduce water velocity as it approaches building.
• Problem with debris hitting building, e.g., grocery store outdoor ice machine not tethered and 

crushed wall.
• Moana Surfrider built in 1901, on historic register, basement floods on king tides. Dry 

floodproofing could extend the life of this beautiful building.

Unique or Innovative Comments
• This is a near-term reality, but in the long term it’s a “fool’s errand, you’re never gonna keep 

water out!”  
- workshop participant

• “If you go to war with water, you will always lose.” - an allusion to Caligula.
• When Duty Free was being constructed, they have a deep parking structure below grade. The 

geology is very porous, and the dewatering was pumping groundwater that created cracks 
in buildings at Iolani School across the canal. Large scale pumping of groundwater must be 
considered carefully.

#3
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#4 Re-Evaluate Spaces Below the      
     Design Flood Elevation (DFE)
This was familiar almost all stakeholders and most agreed it is 
applicable to Waikīkī.

Below-grade spaces may be filled to the lowest adjacent grade. Previously occupied below-grade spaces 
may be converted to non-habitable uses, such as storage or parking.

General & Recurring Themes
(Items marked * were most frequent)

VIABILITY: 
• *Everyone should be doing this in Waikīkī already. 
• *If you are using the space for non-essential needs, you are kind of abandoning everything 

below DFE. They would need to be flexible spaces.
• *Look at buildings on a case-by-case basis to determine what is feasible to move up.
• *Some suggest the City should allow building owner to add a story. Civil engineer thinks it’s 

unlikely feasible: structure design would need to have anticipated this in the initial design. For 
most cases, certainly high rises, it’s not economical to build them so a floor could be added later. 

• Miami hospitals have reinforced roof so they can expand up. Need to know building can handle 
extra weight.

STABILITY & PRACTICALITY: 
• **What are you using to fill it? That is a lot of fill.
• *Filling it might be expensive and a loss of good space. Can’t compact fill with building over it.
• *If pumping water out, where does it go? Does it flood neighboring properties?
• *A cistern seems like a great idea. Collect storm water and pump it out later.
• *Get electrical equipment out of this area.
• Hard to imagine even having cisterns below DFE because of the high ground water table.
• Pressure concerns, what’s happening underneath it could be a problem down the road.
• Hypothesis: If pumping [ground]water out, you would be pumping down the water table—but 

since the ground is so porous, you would essentially be trying to pump down the ocean.
• Might need to fill underneath, needs new footings and foundation, major retrofit.
• Make sure the cars are moved out before event to avoid floating cars hitting foundation walls.
• It’s going to be hard to get out of these structures.
• A lot of sandbags already being used and will be hard to maintain and keep robust.

POLLUTION: 
• Are we designing for debris catchments at the same time?
• Pumped water could be contaminated.

APPLICATION: 
• *Should not be occupied at all; use for storage of watercraft, etc.
• This transition should be site-specific. If pumping at first, when to transition to retreat?
• Use for temporary floodwater storage and pump out later.  
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Re-Evaluate Spaces Below the 
Design Flood Elevation (DFE)

PERMITTING & POLICY: 
• *Transfer of development rights to allow for a rooftop structure or higher height limits—this 

would be an incentive for developers.
• *Private efforts to adapt buildings need to be coordinated with city efforts to raise the streets.
• Looking at the transportation piece of this [losing parking], we need a comprehensive planning 

policy.

FINANCIAL: 
• *Loss of parking would be a loss of revenue for a lot of hotels and businesses. That is retail 

below and condos above: if retail goes away, monthly maintenance fees go way up.
• Need incentives to motivate developer for a cost trade-off if losing lower floor.
• Parking very valuable in Waikīkī.

TRANSPORTATION: 
• *If driving continues to be a main mode of transportation, losing that parking is going to have 

a big impact. A reason to stop driving cars. “The parking problem is not trivial.” - workshop 
participant

• Parking garages already have groundwater coming up through the floors. Safe parking needs to 
be raised.

• Reimagine transportation, needs comprehensive planning.
• Law changed last year, no parking requirement for buildings in Waikīkī.
• How to encourage shared parking?
• Logistically, where would cars go if moved temporarily? Need a response plan.
• Cars can’t just be put on a higher level: (1) it might not be structurally sound to put cars on an 

upper level and (2) you would need a ramp or car elevator.
 
Less Frequent Themes

• First Hawaiian Center downtown has floors below DFE and they have a pump to remove water.
• It would be interesting to learn how many people are dealing with their basements and how.
• For a low-rise apartment, it might be great to go from being a ground floor resident to the 

penthouse!
• “People understand they might lose their cars in a flood and that is perfectly okay.” - workshop 

participant

#4
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#5 Relocate Critical Systems
This was familiar to nearly all stakeholders and nearly all 
agreed it is applicable to Waikīkī.

General & Recurring Themes
(Items marked * were most frequent)

VIABILITY: 
• *This is an essential strategy, probably going on right now, should have been done already.
• This should be #1 priority. A very, very good strategy whether you are commercial or residential.
• This strategy seems like it should take priority. Move electrical systems up. One condo property in 

west Waikīkī had an electrical vault on the first floor that was flooded during a king tide event, and it 
caused an explosion.

• New developments are already locating critical equipment up higher.

STABILITY & PRACTICALITY: 
• *We have a lot of electrical and other systems that are ground floor in some cases below the grade. 
• *Huge generators in basement move to roof: structurally can’t take the weight. Maybe just to the 

second floor. But the floor would not have been designed for that weight—it’s a point load, not 
distributed across the floor. Load per square foot of buildings might be 40 pounds per square foot 
(lbs/sq ft) and you probably need more than 150–200 lbs/sq ft.

• *Major problem with moving a generator is where does the fuel tank go? The delivery service must 
be able to access it.

• Replace fuel tanks and generators with battery storage.
• Gravity systems are an issue: water and wastewater.
• Some systems are difficult to move—fire pump or swimming pool systems for example.
• Always do this when undergoing renovation.
• Flooding critical systems could mean the building is not habitable for weeks or months.
• The roof might not be good location: hurricanes in FL triggered moving infrastructure off roofs. The 

weight on the roof makes building more fragile—don’t create another hazard. Climate change will 
make Waikīkī more susceptible to storms.

APPLICATION: 
• Items that need to be moved or protected: generators, elevator mechanical system, other 

mechanical systems, fire pump systems, swimming pool systems, etc.

FINANCIAL: 
• It is expensive to do this.

TRANSPORTATION: (No comments)

Less Frequent Themes
• UH Manoa 2004 flood: mechanical equipment in Biomed flooded, after renovation, put mechanical 

on second floor and plan for first floor to flood and let water pass through.

Unique or Innovative Comments
• We are using a flooring in a below-grade space that raises the level about 6 inches so we can use the 

space. We use pumps to remove water that leaked in.
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#6 Wet Floodproofing
#7 Flood-resistant Materials
These were familiar to about two-thirds of stakeholders and the 
majority thought they were applicable to Waikīkī.

General & Recurring Themes
(Items marked * were most frequent)

VIABILITY: 
• *Probably the most viable of some of the options out there. 
• *Accommodating the water: let it flow through with minimal damage to the building.
• Probably a lower cost strategy and least impactful, not just financially but physically to the building.
• An interim solution. If it has an 18-ft high lobby, raise the floor. Eventually when the road is lifted, 

the second story becomes the first story, and the bottom is a floodable basement.

STABILITY & PRACTICALITY: 
• *How is the structure going to handle this? There could be a lot of corrosion and other unintended 

consequences by allowing water, especially saltwater, to move in and out of a building. While it may 
be the most financially feasible, it feels like the highest risk in terms of susceptibility to damage.

• *Allowing water to enter minimizes pressure differences on the exterior wall.
• *Lost the use of that bottom floor; make sure people have time to get out.
• Need more research on materials that can withstand full submersion; materials may not age well.
• Nothing prohibits the water from seeping down and combining with rising groundwater tables, 

which saturates the foundation. It was never anticipated that the floor was ever going to have to 
withstand standing water. If this approach is looked at, the interior as well as the exterior must be 
encapsulated.

• Rebar in concrete will corrode and fail within 20 years. For 100-year lifecycle, you would need 
stainless steel reinforcement, which is much more expensive (not locally available, need to special 
order it).

POLLUTION: 
• Contaminated water entering building causes concern.

APPLICATION: 
• *Open-air lobbies or other communal spaces: high tolerance for king tides, “live with water”, 

maybe some days it can’t be used, potentially applicable until mid-century.
• *Episodic flooding not permanently inundated, which would require different materials.
• *Not a strategy for an occupied space.
• Parking garage: louver on hinge allows debris to flow in and out so you don’t have twigs and leaves 

blocking the louvers. 
• If it was a hospital, the first floor is usually the lobby and offices, all patient rooms are higher (first 

floor is not occupied living spaces). Contradictory comment: Not applicable to hospitals, concern: 
contaminated water.

PERMITTING & POLICY: 
• Honolulu revised ordinances, for parking garages—shall be designed to automatically equalize 

hydrostatic flood forces (City and County of Honolulu, 2021). This is essentially wet floodproofing.

FINANCIAL: 
• Risky
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VII.  STAKEHOLDER FEEDBACK ON STRATEGIES 
        RELATED TO: OPEN SPACES

#8  Cisterns and Water Collectio
#9  Floodable Open Spaces
#10  Ecological Water Treatment

n These were familiar to a vast majority of stakeholders, with the 
descending order of familiarity being #9, #8, and #10. All were 
deemed applicable with the same order of preference. See the 
2021 workshop slides 53–59 for images of these strategies. 
The link is on this webpage: https://seagrant.soest.hawaii.edu/
meguro-adapting-waikiki/.

General & Recurring Themes
(Items marked * were most frequent)

VIABILITY: 
• *All three considered good ideas. Cisterns and water collection make sense to collect runoff from 

roofs; reduces potable water demand; water urban gardens.
• *Floodable open spaces concept is great and would be top of my list. However, in Waikīkī, I’m not 

sure that there’s a lot of open space left, physically.
• Everyone would need to do their part to collect water in their area for this to work with so little 

open space available. Many small spaces serve these purposes, don’t assume you need large 
spaces.

• Design water storage so it can be expanded later.
• Open spaces can be used for activities when not flooded.
• Groundwater level is rising so there is less dry ground to filter and store water.

STABILITY & PRACTICALITY: 
• It’s ironic that this area started as a wetland and now we are trying to return it to its original form 

and function.
• Using hardened solutions might further degrade the ecological function of the area.

H2O 
StorageH2O 

Storage

WATER INFILTRATION

WATER TABLEWATER TABLE

OVERFLOW TO SEWAGE

https://seagrant.soest.hawaii.edu/meguro-adapting-waikiki/
https://seagrant.soest.hawaii.edu/meguro-adapting-waikiki/
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Cisterns and 
Water Collection

Floodable 
Open Spaces

Ecological  
Water Treatment

STABILITY & PRACTICALITY (continued): 

#8 #9 #10

• With the water table level so high, you would be digging a pond.
• Vegetation that is planted probably must be salt-tolerant.

STABILITY & PRACTICALITY (CONTINUED): 
• For the number of acre-feet of water coming off the mountains, the cisterns would have to be 

huge.
• Miami has pumping stations to pump sea water back to the ocean.
• Some think cisterns are not practical, space constraints, how to design a building to have a 

cistern, difficult to retrofit.
• Currently, Ala Wai Canal walls are too low to store water.
• The floodable open spaces would need to be impermeable and set at an elevation so it could still 

be drained after the storm event.
• Mauka to makai canal idea: what’s the trade-off between creating new paths for coastal flooding 

(storm surge, wave velocity impacts) vs. alleviating rainfall flooding from inland sources?

POLLUTION: 
• *Stagnant water will create mosquito habitat and bad odors.
• *Water quality concern; risk of overflow of sewage.
• Constructed wetlands, if designed right, are effective at improving water quality and controlling 

insects. Narrow strips of constructed wetland could channel and store water.

APPLICATION: 
• Good applications for storm events but not sea level rise.
• Constructed wetlands would be aesthetically pleasing and serve as an attraction.
• Use Ala Wai Golf Course to make constructed wetland to treat a large volume of stormwater. 

This was done in Sydney Harbor in order to improve harbor water quality for the Olympic 
triathlon swimmers. Stormwater is pumped miles to the wetland.

• Use Fort DeRussy and Ala Wai golf course as floodable open spaces.
• Maybe use Fort DeRussy for a floodable open space and ecological water treatment. Use small 

pocket-park type features.
• Ecological water treatment could be used for: Ala Wai golf course, Ala Wai Park, and riparian 

zones along canals that feed into the Ala Wai.
• Use median strips to store water, let gravity move it and don’t rely on pumping.
• Some roadways could be left at lower elevation and used as floodways.
• Where to put cisterns? Mauka of Waikīkī. UH Manoa campus for one.
• Store water in old, abandoned pipes.
• Safeway, Kapahulu has a large underground storage system for flood control and water quality 

requirements.
• As some land is excavated to raise buildings on fill, the lowered area could be used for water 

retention and create a series of canals that run mauka to makai. An analysis would need to be 
done to study the connectivity between vacant lots.

• Perhaps Waikīkī has a series of canals, not just the Ala Wai.
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Cisterns and 
Water Collection

Floodable 
Open Spaces

Ecological 
Water Treatment

APPLICATION (continued)
• Design seawalls around the canals—we need new design guidelines to account for storm surge 

at a higher sea level. This is an objective of Chip Fletcher’s research group.
• Use dense vegetation to keep people out of flooded areas.
• Green roofs could absorb some water (if structure can handle it or design it in for new 

construction).
• On-site water storage, water reuse and greywater, using green roofs to prevent runoff.

PERMITTING & POLICY: 
• *Liability: depth of water could be a safety concern, would need signage and fencing. These are 

often public spaces, restrict access, give people warning.
• *Purchase open lots and places that need to be demolished now to be used for these solutions. 

We are going to lose a lot of open spaces to sea level rise, so plan to make more open space.
• Department of Permitting and Planning (DPP) is looking at revising plumbing codes to allow for 

reuse of water.
• Every parcel could be responsible for managing its own water and runoff. It could be an effective 

flood mitigation policy.

FINANCIAL: 
• Enough capital in Waikīkī to do a nice job of landscaping these strategies.

TRANSPORTATION: 
• These strategies will reduce flooding of roads during heavy rain events.
• Hawai‘i Department of Transportation realizes that 70% of their network is at risk for climate 

hazards.

 #8 #9 #10

Less Frequent Themes
• Good examples of floodable open spaces in other countries—“… really cool sculptural water 

collection systems that are amazing to look at and functional.” -participant
• New Orleans is planning parks that can store water and be usable but then drain the water as 

needed before a major storm.
• Hilo Bayfront Park is a good example of having floodable open space and retreating the old town 

in a relatively short period of time.
• There are crate-like structures to fill an entire roadway so it allows water to flow but people can’t 

get into it (link provided by participant: https://tbspoly.com/stormcrate-everything-you-need-to-
know/). 

https://tbspoly.com/stormcrate-everything-you-need-to-know/
https://tbspoly.com/stormcrate-everything-you-need-to-know/
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Ecological  
Water Treatment Landscaped Areas 

and/or  Parks
Parking
Areas

Vacant
Lots

OPEN SPACES > VISION GOAL

QUESTION: 

How can we design and transform these 
open spaces to be resilient in a future 
with sea level rise?

University of Hawaii, Meguro, W., Briones, J., Castillo, I., Fletcher, C., Peppard, E. and Eversole, D. “Workshop for Envisioning Sea Level Rise Adaptation in Waikiki.” June 2021. 

Source: Google Maps Source: Google Maps Source: Google Maps 
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Water overtops the walls of the Ala Wai canal along the Ala Wai Park Trail during high tide, July 31, 2019. Photo by Maya 
Walton, Hawai‘i Sea Grant King Tides Project, 2019.
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VIII.  STAKEHOLDER FEEDBACK ON STRATEGIES 
          RELATED TO: TRANSPORTATION

#11  Elevated Streets/Roads 
 and Sidewalks

#12  Resilient Streetscape 
 Transition Zone

These were familiar to a vast majority of 
stakeholders. Judgement of applicability to Waikīkī 
was very high but slightly lower than the rate of 
familiarity. See the 2021 workshop slides 61–66 
for images of these strategies. The link is on this 
webpage: https://seagrant.soest.hawaii.edu/
meguro-adapting-waikiki/.

General & Recurring Themes
(Items marked * were most frequent)

VIABILITY: 
• *Parking will be lost, so transportation must change.
• *Don’t prioritize cars over everything else.
• Create pedestrian zone with cars parked outside of Waikīkī.
• Buildings and sidewalks raised, but roads left lower and allowed to serve as floodways as 

needed.
• Abandoned roads can be water basins, temporary water storage.
• A raised road becomes a dike and prevents water flow; better to use a flyover road.

STABILITY & PRACTICALITY: 
• *Raise the roads and leave the buildings, the City can do that and not touch private property.
• *How much fill would it take to raise all the streets? This has not been calculated. What are the 

options if we don’t have the fill? Have flyover roads and fewer roads. Don’t know the cost of 
flyover roads vs raised on fill.

• *Public transportation needs to become more reliable and tourist-friendly, considering how 
much parking that will be inevitably lost.

• People love biking and walking when they feel safe (no cars).
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https://seagrant.soest.hawaii.edu/meguro-adapting-waikiki/
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STABILITY & PRACTICALITY (continued): 
• Transition zones to elevated areas are important for attractive public realm.
• What do we raise first, the street or the private development?
• In Miami they raised the roads and not the utilities, that was an afterthought.

APPLICATION: 
• With a canal system: consider a water taxi.

FINANCIAL: 
• Raising streets and making first floors basements could make them uninsurable for flooding. See 

follow-up research below. 

Unique or Innovative Comments
• Envision Waikīkī with extended canal system, multimodal transportation, floating bridges.

Basements Defined
FEMA Definition
Any area of a building having its 
floor subgrade (below ground 
level) on all sides.  
(Definition adopted and codified by City of 
Miami Beach, Ordinance Section 54-35)

Figure 14. Image by Jacobs Engineering depicting the FEMA definition of a basement (Jacobs, 2020).

FOLLOW-UP RESEARCH AFTER THE WORKSHOPS: 
The Federal Emergency Management Agency’s definition of a basement: “Any area of the building having 
its floor subgrade (below ground level) on all sides. The lowest floor of a residential building including 
basement must be above the Base Flood Elevation (BFE). Basements below the BFE are only allowed 
in communities that have obtained a basement exception from FEMA. Floodproofed non-residential 
basements are allowed.” (FEMA, 2021). Figure 14 shows an image created by Jacobs Engineering (Jacobs, 
2020) that is an interpretation of this definition.

Basement Condition Not a Basement
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IX.  STAKEHOLDER FEEDBACK ON STRATEGIES 
       RELATED TO: UTILITIES

#13  Elaevate Critical Equipment
#14  Protect and Replace City Utilities
#15  Potential Below-grade Water 

Strategies were familiar to most 
participants with #13 the most familiar 
and applicable, followed by #14, then 
#15. See the 2021 workshop slides 68–73 
for diagrams, renderings, and photos 
of these strategies. The link is available 
at: https://seagrant.soest.hawaii.edu/
meguro-adapting-waikiki/.

         Storage
General & Recurring Themes
(Items marked * were most frequent)

VIABILITY: 
• *Do this now, so they don’t get flooded.
• *Be sure to raise the utilities when you raise the roads.
• Water table is rising, gravity-fed sewers and stormwater drains need a gradient, raising them is 

necessary.
• “Move up or pump up” - participant.
• Hard to protect utilities without just raising them, dry floodproofing is too risky.
• Utilities need to be upgraded anyway.
• Raise utilities higher than necessary, pre-plan for a couple of generations.
• Coordinating efforts on this is crucial: raising everything at the same time. Phasing the work. 

Integrate solutions to address the problem holistically to not create other problems.

TABILITY & PRACTICALITY: 
• Can’t service water lines if they are flooded. Assume that’s the case with wastewater lines also.
• Miami does a lot with pumps but that comes at an energy cost (and risk during power failure).
• Need to consider how to retrofit connections from utilities to existing buildings that are at a lower 

grade.
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STABILITY & PRACTICALITY (continued): 
• Stormwater systems are already cracked and leaking. Groundwater levels are rising and can’t maintain 

submerged pipes. Can’t pump because it’s pumping the ocean. Would like to put valves at the end of 
stormwater pipes to keep tides from infiltrating the system, but with leaking it won’t work.

POLLUTION: 
• If tide gate is used on Ala Wai Canal so it does not have tidal influence and you can pump it down 

before a storm, water quality can become a problem. (Tide gates also hinder recreational activities)

Adaptation for sewer lines: The flow meters have… recorded impacts in the 
collection system due to the tidal impacts.  So, we have proceeded with CIPP 
(Cured-in-Place Pipe) lining projects to try to keep the shifting groundwater out 
of our sewer lines.  
    - workshop participant

Less Frequent Themes
• If you pump water, where do you put it? The Ala Wai is already filled to the brim. You can reinject 

it into the groundwater, but you’d have to do it deep enough to not raise the groundwater table 
locally. Those are complex geophysical and engineering-based decisions. If you let it reinfiltrate 
naturally, you must consider how it could affect neighboring properties.

• “The Ala Wai could be advantageous as an avenue to discharge storm, wave event, and passive 
flooding water: elevate the sides to protect Waikīkī from floodwaters and rising tides, and use a 
good pumping system, New Orleans style to discharge water at the Diamond Head end. This will 
help to flush the Ala Wai and is easier than building a giant cofferdam.” - participant

• You wouldn’t be able to pump right into the Ala Wai Canal without a tide gate so you can control 
water levels in the canal.

• The City is looking at relocating wastewater pump stations and major trunk sewers and evaluating 
costs for a retreat alternative.

• Below-grade water storage using interstitial space after things are raised up is an interesting idea.
• There is a limit to how much you can elevate wastewater infrastructure because you need a certain 

grade and pressures to keep things moving. When refining policies, discussions need to happen.

“
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X.  CONCLUSIONS

1.  Input from a diverse set of stakeholders is vital in order to assess the relevance and feasibility of a 
potential flood adaptation strategy from multiple viewpoints. What seems like a simple and obvious 
solution to one stakeholder might appear infeasible to another stakeholder. 

a.  Example #1: Moving a backup generator from the basement to an upper floor seemed like a “no-
brainer” for many stakeholders, but a structural engineer explained that most buildings’ upper 
floors are not designed for the additional structural load and fuel delivery. 

b.  Example #2: Elevating ground floor retail (to avoid flooding) without elevating the sidewalk would 
necessitate a ramp or stairs to enter the building. Retail businesses in Waikīkī depend on visitors 
casually strolling in so a smooth transition from the sidewalk into the building is vital.

2.  For Waikīkī to remain an attractive tourist destination, all landowners need to have the ability to 
adapt. If some areas are left to become flooded, polluted, and mosquito-infested, the value of the 
entire area is diminished.

3.  It is important to coordinate the changes to buildings, open spaces, transportation, and utilities. For 
example, potential plans to elevate of buildings, roads, or open spaces should be communicated far in 
advance and coordinated at a city-block (or larger) scale.   

4.  Not all projects will have the same risk tolerances, criticality, or useful life. A reasonable adaptation 
strategy for a single building is drastically different than a city infrastructure project that will have a 
longer life cycle and a broader impact on the community. 

5.  Relying on scientific projections of sea level rise will be useful to create a sequenced response to 
adaptation. Some strategies might be applicable to the middle of this century, others might be 
applicable to the end of this century, etc. There are multiple scientific projections of sea level rise with 
differing probabilities of occurrence. Risk tolerance should be considered for adaptation plans (see 
conclusion #4).

6.  It is useful to have a comprehensive development plan in place for recovery and rebuilding after a 
natural disaster. It is possible that a major hurricane or tsunami will significantly damage Waikīkī 
before sea level rise will. Creating pre-disaster plans that include adaptations for future sea level rise 
would be valuable and take advantage of any federal funding made available for disaster recovery.
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