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Executive Summary

During the annual period from May 2022 through April 2023, all contractual work plan
tasks were completed. Background research on physical carrying capacity studies were
compiled. Six sets of physical carrying capacity questions were created for management, Sea
Grant, maintenance/grounds workers, lifeguards, docents, and all other employees (clerical, box
office etc.). Recommendations for improvement, efficiency, and added safety were derived from
the responses. These question sets were sent to the Hanauma Bay management for prior
approval. As required by law, the University of Hawai‘i follows government regulations on the
protection of research subjects. These regulations apply to all interviews conducted within the
purview of the University. Certifications to perform these interviews were obtained from
previous work with the Social Carrying Capacity surveys conducted at the Hanauma Bay Nature
Preserve (HBNP) in 2022. Survey questions were distributed in February 2023 and collected in
March 2023. Responses were anonymous and summarized for the annual report. Feedback across
all groups indicate satisfaction with the current number of visitors. Responses indicate staffing
appears to be sufficient in most areas; however, maintenance and cashier employees feel a need
for increased staffing. A limited number of responses recommend increased security. At present
there appears to be sufficient space to accommodate the current level of visitors. Overall, across
departments, employee and docent satisfaction is high.

In addition to the questionnaires, indoor areas of Hanauma Bay were measured using a laser
range finder, and outdoor areas were calculated using Google Earth. Indoor room measurements
were cross checked with City and County room capacity signs (code 1003.2) and box office
counts to ensure the capacity is not exceeded. Indoor rooms measured include the gift shop,
exhibit display room, and theater room. Outdoor measurements taken with the Google Earth
measuring tool include the parking lot (9,624m?) and the usable beach area (10,363m?) in the
Bay. Temperature loggers to monitor the annual temperature variability of the Bay were
deployed in January 2022 and collected in March 2023. The temperature data was summarized
by each sector of the Bay. Annual mean temperatures reached a low of 22.5°C and a high of
29.72°C in the Bay. Annual bleaching surveys determined no coral bleaching occurred during
the 2022/2023 period. Sea level rise predictions were researched, and predictive models are
included in this report. The Pacific Islands Ocean Observing System (PaclOOS) website has sea
level rise prediction models of 0.5ft, 1.1ft, 2.0ft, and 3.1ft. These models were combined with
satellite imagery of Hanauma Bay to depict how the usable beach area will change with each
prediction. The surface area of the 0.5ft model was measured (m?) using Google Earth and
showed an 88.2% decrease in usable beach area compared to present levels during king tide
events. These king tides occurred over the course of six days in the summer months of 2022.
According to sea level rise predictions, the 0.5ft scenario is predicted by 2030. With these
changes in resources, come changes in management strategies that must be adaptive to develop
approaches and policies that incorporate a balance to ensure visitor satisfaction and the primary
objective of marine conservation of the HBNP. Overall, the HBNP is perceived as well managed,
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proficiently run, effective in operations and fulfilling their objectives, and receptive to adaptive
management changes to improve efficiency. Implemented internal recommendations may
provide additional efficacy and safety. Prior recommendations in years 1-4 encompassing the
biological, and social carrying capacity studies have been addressed or implemented and reports
are available to the public at https://www.honolulu.gov/parks-hbay/home.

Introduction

The Hanauma Bay Nature Preserve (HBNP) is the most popular snorkeling experience for
visitors in Hawai‘i. Since its establishment as an MLCD in 1967, the Bay has seen millions of
annual visitors with the highest recorded number in the 1980s. Half a million annual visitors
were considered a sustainable number of visitors in the Hanauma Bay Beach Park Development
Plan of 1977. By 1988, this number had increased to nearly 4 million annual visitors or 10,000-
12,000 daily visitors (Vieth and Cox 2001). The level of human use an area can withstand while
still maintaining sustainability is often referred to as the carrying capacity of the area. However,
with the management of any conservation area, a balance between recreation and ecosystem
health is vital. Thus, our carrying capacity studies were designed to incorporate many diverse
aspects of carrying capacity: biological, social, and physical. Carrying capacity studies have been
conducted at Hanauma Bay in the past, examining capacity during differing population densities
of the Bay’s operation (Brock and Kam 2000, Wanger 2001).

In the years leading up to the COVID-19 pandemic, the HBNP received approximately one
million annual visitors. In 2017, the Bay reported 842,439 annual visitors, approximately
2,700/day (excluding one closed day/wk), comprising both tourists and residents. In 2021, the
first full year open following the pandemic, Hanauma Bay recorded only 386,054 annual visitors,
less than 1,500/day (two closed days/wk omitted in calculations). Based on box office counts
available to the public on the City & County website, there have been 365,744 annual visitors
(1,400/day) in 2022. This represents a 52% reduction compared to 2017. In 2021, the social
carrying capacity study conducted at Hanauma Bay offered perspective on visitor perception of
the efficacy and crowding at the Bay. Factors such as expectations versus lived experience
(Vaske and Donnelly 2002) and personal tolerance to crowds (De Ruyck et al. 1997) are all
influential when defining perceived crowding. With these factors in mind, over half (51%) of
visitors did not think the HBNP could accommodate more visitors, however only 17% of visitors
perceived crowded conditions (Graham and Rodgers 2022). While the previous report looked at
perceived crowding from a social perspective, this study examines crowding from the physical
capacity of Hanauma Bay.

Crowding and the physical effects of human use can be detrimental to marine resources.
Trampling on the nearshore reef can cause habitat destruction and coral mortality. High visitor
use may also result in changes in fish diversity. Observations made at the HBNP during the
COVID closure of the Bay showed an increase in abundance of predatory species such as the
giant trevally (Caranx ignobilis) and monk seals (Monachus schauinslandi) with the absence of
human activity. The observations of these species declined with the return of visitors to the Bay.
This is likely an intentional avoidance where predatory animals perceive humans as a threat and
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move to deeper water. Aside from environmental damage, overcrowding can decrease visitor
satisfaction. Reynolds (1990) found that crowding was the primary complaint of approximately
two thirds of visitors to the HBNP when the admission exceeded 10,000 daily visitors. Lankford
(2005) similarly found higher numbers of complaints of crowding from visitors on the beach
compared to those in the water. Based on hourly beach count photos from the previous years’
social carrying capacity report, over half of the visitors (54.5%) were on the beach at any given
time (Graham and Rodgers 2022). The previous years’ social capacity report was performed
when the admission levels were below half of what they were prior to the pandemic closure and
crowding was a complaint amongst only 17% of visitors. The HBNP’s post-COVID
implementations of admission regulations has led to increasing daily visitor counts since
reopening in December 2020. Upon reopening, the visitor capacity was 750 visitors per day
beginning 2 December 2020 and extending through 27 April 2021, a quarter of counts prior to
the COVID closure. The current online reservation system was launched on 26 April 2021 to
reduce traffic on Kalanianaole Highway and provide a more organized and sustainable system of
entry. For a one-month period from 28 April through 27 May 2021, the capacity was raised to
1,050 daily visitors. On 28 May 2021 the capacity was subsequently increased to 1,400/day and
has remained at this level throughout April 2023. In December 2021, to reduce the number of no-
show visitors and ticket resales, the online reservation system implemented a payment
requirement when reserving an online time slot at the HBNP. Surveys and observations indicate
the effectiveness of these changes with shorter lines and wait times.

Impacts from climate change are exacerbating the damage to the marine resources throughout the
State of Hawai‘i including at the HBNP. Sea level rise can impact the nearshore marine
environment. Terrestrial sediment input is minimal as compared to the rest of the State (Rodgers
2005) due to the surrounding geology and lack of urbanization in the immediate area. However,
increases in sea level create an influx of nutrients from coastal runoff with some impact to water
clarity and toxicity to marine life at high levels. The major influence of sea level rise at the
HBNP will be the loss of usable beach. The reduction of usable area at the Bay as the water level
increases will force people higher up the beach causing crowding and competition for space. At a
later date, this could be further intensified by the need to move facilities further inland to avoid
the approaching tide line. The lifeguard towers located on the sand are expected to be below the
waterline at peak high tides as sea level rises by just 0.5 ft. on the highest tide days. Ensuring the
physical capacity of the Bay is not exceeded is critical to protecting the resources of the HBNP.



Projected scope of work details from project work plan

Semi Task/Activity Results
Annual
Report
May - Task 1: Anonymous staff survey Task 1:
October questionnaire development. o
e Development of question list. ® Question list developed
lifeguards and facilities workers. staff.
e Survey responses
Task 2: Calculate physical capacity of collated and analyzed.
outdoor and indoor areas of the bay
using GIS or Google Earth. Task 2:
e Calculate size of parking and
. P g e Google Earth
VIEWIng areas. measurements completed
e Calculate size of beach and P
) ) of all outdoor usable
swimming areas. areas
e Assess Health and Safety o In doér areas measured
codes for Hanauma Bay and Using a laser measurin
determine visitor center .g g
) device.
capacity.
) . Task 3:
Task 3: Sea level rise predictions.
e Provide sea level rise estimates for * I_nvestlnglte_d sea level
Hanauma Ba rise predictions and
Y. created graphs depicting
Task 4: Preliminary analysis of survey predicted effects at
data. Hanauma Bay.
Annual Task/Activity Results
Report
November-
May Task 5: Monitor ocean temperatures and |  Task 5:

conduct coral bleaching surveys.




e Collect and re-deploy e Temperature loggers
temperature loggers. collected and redeployed

in March 2023.

e Temperature data
summarized for report
Task 6: Analysis of survey responses

Task 6:

e Survey responses
categorized and analyzed
to determine staff and
docent satisfaction and
efficiency.
Recommendations
developed based on
responses.

Detailed Descriptions and Outcomes of Research Activity

Task 1. Anonymous staff/docent survey guestionnaire development

A series of 52 questions were established to better determine the physical carrying capacity of
the HBNP (Appendix A). These questions were divided into division specific questions.
Management questions focus on the space and safety of the Bay. Facilities questions focus on the
availability of resources at current visitor levels. These include trash cans, restrooms, and waiting
areas. Sea Grant Education questions focus on the ratio of personnel to visitors. These questions,
in conjunction with the social carrying capacity survey questions conducted in 2021, will offer a
perspective from both a visitor and personnel view on areas of improvements.

Surveys were provided to HBNP management for approval prior to distribution to facility
workers. Staff were asked to complete the anonymous survey distributed via paper copies. The
survey time commitment was between 5-10 minutes. Surveys were distributed to HBNP and Sea
Grant Education management on 15 February 2023 and collected on 21 March 2023.

Analysis of Survey Responses

A total of 49 responses were received from the HBNP Management (n=2), Hanauma Bay
Maintenance and Grounds (n=5), Hanauma Bay Office Employees (n=7), Lifeguards (n=9), Sea
Grant Management (n=5), and Sea Grant Education (n=21). A few respondents left some of the
guestions unanswered leading to an unequal number of responses. Survey questions varied



among departments with little overlap in questions between departments. To analyze responses
more efficiently, all survey questions in each department were sorted into five overarching
categories: information, efficiency, staff support, safety, and facilities. Each category includes
recommendations provided by survey respondents.

Responses and recommendations are divided by HBNP City and County Parks and Recreation
Employees, Sea Grant Education Staff and Docents, and City and County Ocean Safety to
delineate jurisdiction and responsibilities. All recommendations can be found collectively at the
end of the document for clarity and ease of access.

Information
The Information category includes responses from HBNP management, Sea Grant Education

management, and Sea Grant docents. This category sought to provide baseline information on
daily operations at the HBNP. This includes the daily number of staff available during operating
hours. The survey of the Sea Grant Education management team at the HBNP focuses on several
aspects of the education workforce including staff training and docent availability. These results
combined with docent responses, may provide valuable insight into management practices,
workforce capacity, and recommendations for improvement. This may assist in developing
adaptive management strategies to ensure long-term sustainability. Only management responses
are pooled due to a small sample size.

Management Survey Questions (HBNP and Sea Grant)

The ratio of facility workers to daily guests according to HBNP managers is approximately 1:40
with 35 staff for 1,400 guests. When including docents (approximately eight/day) and lifeguards
the ratio decreases to 1:30 with 50 staff to 1,500 visitors. The total number of docents and
employees and their daily availability varied among respondents. The vast majority of
maintenance employees (80%) responded that the number of visitors is satisfactory and adequate
at the present level. Sufficient personnel in each area is also repeated in management responses.
Consequently, it follows that recommendations to increase maintenance efficiency should
exclude increased staffing. Over 80% of education respondents perceive all aspects of
educational duties are sufficiently staffed at the current level. The current average level of
staffing perceived by education management is 1:25 with one staff per 25 visitors.

Management responses on how staff training can improve work proficiency of employees varied
among the five respondents. Efficient communication and orientation for visitors, including
understanding why certain rules and procedures are in place, were identified as important to
improve overall visitor experience and environmental protection. Additionally, staff training on
goals and intentions of the HBNP helps provide a unified message to visitors, in contrast to
receiving a lack of interest or varying responses. Respondents suggest further training for
security employees is necessary, as at times they lack proper training and need closer



supervision, especially recent hires. Emphasis was also placed on the importance of preparing
staff to handle the high volume of visitors that frequent the HBNP.

Sea Grant Education Questions

According to survey respondents, the daily average percentage of people visiting the Sea Grant
kiosk located on the beach is 14%. The most time-consuming responsibilities among the Sea
Grant Education team varied among respondents. Some respondents noted there are shortages in
specific areas including security guards and staff to close the park.

The perception is there is sufficient space in the waiting areas to accommodate all visitors even
during peak hours with some minor exceptions. The majority of respondents believe there is
sufficient space for visitors in waiting areas during peak crowds. However, some respondents
noted the theater can become crowded, particularly when large groups of people are carrying
many items or when it rains.

Survey questions help determine whether the number of Sea Grant employees is sufficient to
accommodate the number of guests. Many respondents note the staff is supplemented by
volunteers while others believe there are adequate employees to carry out all tasks. A few
suggest that additional volunteers would be very helpful during rush hours, particularly on
Sundays. Overall, it appears that the employees are well-equipped to handle their tasks, but
additional volunteers would be appreciated.

Efficiency

Survey questions encompassing the efficient operations of the Hanauma Bay Nature Preserve
(HBNP) include six divisions (HBNP management, Sea Grant management, Sea Grant
education, maintenance/grounds, other employees, and lifeguards).

Five of the six divisions perceive a need for improvement in the security and maintenance
departments. However, the overwhelming majority, 80% of management and 90% of education
respondents, believe there are sufficient personnel in each area to provide adequate coverage and
serve visitors with most divisions collaborating well together.

Many departments surveyed indicate the security staff needs more detailed training. Security
staff should be capable of responding to visitor questions or recognize where to direct visitors to
answers. Some respondents indicate an increase in security staff would improve efficiency in the
Bay.

Sea Grant Management and Education

Docents were perceived by all Sea Grant management as reliable, committed, and passionate in
their work capacity. The number and quality of docents was deemed sufficient to cover all



aspects of operations (83%). The most efficient aspects to provide for visitor needs include
answering questions (33%), providing information (19%), safety recommendations (10%),
orientation briefing (5%), and educational video tasks (5%). The information kiosk is regarded as
the area where most questions are generated.

A third of education responses believe the docent training program is currently highly efficient,
particularly the shadowing program where an incoming docent learns what it is like to execute
particular workplace tasks by closely observing a more experienced docent. This is a very cost-
efficient method to rapidly integrate new docents into the program that is perceived by docents
as highly effective. One response emphasized the importance of visitor satisfaction. “Improving
efficiency is an inappropriate measure. Improving visitor experience is more appropriate.” Sea
Grant docents report distraction from tasks that may be considered outside their scope of
responsibilities. These include visitor related tasks such as checking restrooms and identification,
crowd control, and handling infractions of prohibited activities. Other tasks mention trash
collection, beach patrols, and managing the admission process.

Ocean Safety and Lifeguard Services

Nine lifeguard survey responses provided insight into the aspects of their job that allow
them to perform their work most efficiently. Preventive equipment (public address systems,
signs, utility terrain vehicle, traffic safety cones), supplies (rescue and medical), sufficient
staffing, training, HBNP staff, teamwork, and communication are perceived as important to
efficiency. Insights into the importance of breaks (44%) include, “Our training breaks and lunch
breaks allow us to stay in shape, clear our mind, refresh on medical training/improve it, and be
ready in any scenario.”

Maintenance/Grounds

Only five respondents completed the surveys with comparatively brief answers. The majority of
maintenance staff surveyed (80%) believe the visitor capacity at present is satisfactory and
adequate. Efficiency improvement suggestions repeat a need within their department to work
together, complain less, and assist others.

Other Hanauma Bay Nature Preserve Staff

Efficiency recommendations were also provided by HBNP staff (excluding maintenance). A
common theme is the need for additional cashiers (33%). Efficiency improvements include
clearer public awareness of restroom locations, larger theater capacity, increased parking staff,
increased recycling, and admission process revisions. Other recommendations include increased
clarity for the on-line reservation system, a snorkel rental option, and no online admission being
suggested by one respondent. Suggestions for efficiency include better communication, shared
responsibilities (exit guard/check reentry), and fewer briefings.



Staff Support

The survey conducted at Hanauma Bay Nature Preserve (HBNP) aims to evaluate staff support
provided to employees. The survey was divided into four sections, HBNP Management, Sea
Grant Management, HBNP employees, and Maintenance/grounds. A total of 19 respondents
from the four divisions were able to provide answers to four staff support questions.

To determine from the managerial team what is available to foster high morale among
employees, managers reported an annual employee beach day, open communication, and
supportive staff and management. Sea Grant Education managers indicated the HBEP volunteers
are provided enrichment including educational workshops, social gatherings, holiday activities,
birthday cards, encouragement emails, and an annual volunteer appreciation banquet.

In response to how grievances are handled, two HBNP managers reported grievances are handled
by the union and management. One of five Sea Grant managers responded that human resources
and management handle grievances.

Assistance to employees with emotional support issues generated an uncertain response from
75% of Sea Grant managers. The remaining 25% mentioned the University of Hawai‘i provides
online training for all Hanauma Bay Education Program (HBEP) volunteers on Title IX and
workplace conduct. VVolunteer benefits or training are not listed as part of volunteer advantages
to UH volunteers.

All five HBNP employee respondents indicate working with and assisting visitors is the aspect of
their job they enjoy most. Other enjoyable aspects include working with coworkers, educating
the public, and sharing the beauty of Hanauma with others. Maintenance/ground employees
believe that working in a healthy environment and meeting new people is the aspect of their job
most enjoyable.

A few Sea Grant employees suggest further assistance from volunteers on Sundays due to the
increased number of visitors. Another suggestion was more volunteers for the HBEP to help
educate visitors.

Safety

Lifeguard and Safety

Safety questions consist of survey questions from the lifeguard surveys only. Seven questions
were selected for this category (Appendix A) with an average of nine responses for each
guestion. The most redundant recommendations for safety include improving kiosk function,
streamlining lifeguard communication, providing updated lifeguard supplies, and additional
signage.
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Lifeguards pay attention to a variety of locations, but the main focus are on areas with poor
swimmers, deep areas, shallow spots with waves and currents, ledges, and parents not minding
their children. Additionally, lifeguards focus on site-specific areas such as the Slot and Backdoor
(strong currents), Keyhole, Sandman Patch, Triangle Channel, reef shelves, the outside reef, and
the shallow barrier reef area. However, some lifeguards provide consistent coverage through all
hours in all parts both in and out of water.

Responses recorded vary, but the majority of responses suggest an average of seven lifeguards
working at a time. Responses varied by day or shift. Typically, there are 2-3 lifeguards per tower.
The number of lifeguards on the beach consists of 6-8 during normal operations but can increase
to 12 during especially busy days. The majority of respondents (55%) suggest a range of one
lifeguard per 200-300 people, with a few indicating 1:100 to 1:500 ratio. Overall, the responses
indicate the standard ratio ranges from 1:80 to 1:500 and averages to 1:250 visitors per lifeguard.
At the current visitor level of 1,400 with 55% of visitors on the beach (Rodgers et al. 2023), the
ratio of lifeguards to visitors in the water is 1:110.

The responses collected regarding what distracts lifeguards from doing their job suggest a range
of factors that can take their attention away from monitoring the water. Some respondents
reported being distracted by people coming to their tower with issues and questions that are
outside of their scope of duties, while others mention distractions such as marine mammals.
Other distractions include requests for directions or equipment rentals, glare, fatigue, and minor
injuries that require a bandage. Additionally, some respondents stated the need to keep
beachgoers away from monk seals or other wildlife as a potential distraction. Overall, the
responses suggest lifeguards can be distracted by a variety of factors, ranging from minor issues
to wildlife and environmental conditions.

The majority of respondents (66%) believe the current number of lifeguards is sufficient to
ensure public safety, while 33% suggested that extra guards would be helpful during crowded
periods. One respondent recommended increasing the number of lifeguards to handle multi-
person rescues, medical cases, and monitoring large crowds.

Concerning resources that would help provide better lifeguarding services, respondents
recommend updating communication equipment, providing polarized sunglasses and rain gear,
and investing in additional vehicles such as UTVs or ATVs. Additional rescue equipment for
high surf days or outer reef areas and more efficient control of the beach by volunteers or rangers
during monk seal visits was suggested. Additionally, the survey highlighted the need for better
communication through updating intercoms, radios, and radio chargers for swift communication
and response to emergencies.

Respondents note that aspects such as raised and roped off towers and surrounding areas,
sufficient medical supplies, and daily sufficient staffing allow them to perform their work
efficiently. Greater teamwork and communication between lifeguards, training breaks, and
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employee-only areas to store personal belongings and food were also mentioned as critical.
Physical training, experience, and professionalism are viewed as equally important.
Recommendations include streamlining communication and teamwork, providing sufficient
medical supplies, training breaks, and increasing employee-only areas to improve efficiency to
perform their work.

Facilities

The Hanauma Bay Nature Preserve (HBNP) survey questions regarding facility performance
include four departments (HBNP Management, Sea Grant Management, Sea Grant Education,
and HBNP Maintenance/Grounds employees), with most questions directed toward
Maintenance/Grounds employees. A total of eight questions were answered by the four
departments, with responses from 33 participants. All participants agreed that the HBNP
facilities were sufficient for the number of visitors the preserve accommodates. However, all
HBNP/Grounds employees did express a need for more facilities workers.

Sea Grant Management & Employees and HBNP Management

The HBNP and Sea Grant Management departments, as well as Sea Grant Education department,
were asked for their perspective on HBNP’s facilities capabilities to effectively manage the
number of daily visitors. All 28 participants (HBNP Management: n=2, Sea Grant Management:
n=5, Sea Grant Education: n=21), reported there is sufficient space for the number of daily
visitors. Some participants from the Sea Grant Management and Education departments did
mention during the busier seasons, crowding can increase, however, it is suitable for the amount
of space the HBNP provides.

HBNP Maintenance and Grounds

The HBNP Maintenance and Grounds department was asked for their insight into the HBNP
facilities. The five participants were consistent with their responses. All participants reported
trash cans are emptied 2-3 times per day with few (1-2) instances of overflow and the bathrooms
are cleaned 2-3 times per day with repairs conducted as needed. Areas with the highest number
of waiting visitors are the visitor's center and loading zone. The beach is the area where the most
trash is picked up by staff, with one participant noting the parking lot as another area of concern.
The reported number of pieces of trash picked up daily by staff was highly variable, ranging
from 10 to hundreds of pieces. All participants report concern for lack of facilities employees.

Physical Capacity Calculations
Google Earth was used to measure all outdoor areas of Hanauma Bay. These areas include the

usable beach area, parking lots, and waiting areas throughout the upper and lower portions of the
Bay. Google Earth provides a measuring tool showing a highlighted area in square meters.
Available parking stalls (295) were counted, including two lifeguard stalls and nine handicapped
stalls. The total area of the parking lot was calculated as 9,624m? (Figure 1). During the semi-
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annual survey period from May-October 2022, there were no commercial vehicles or city buses
utilizing the shuttle drop off area at the top of the Bay per Hanauma Bay regulations. In January
2023, commercial activities reopened, and commercial vehicles were allowed into the Bay for
sightseeing and photos. Visitors utilizing commercial vehicles are not allowed to walk down to
the water and must remain at the top lookout. The city bus has been permanently discontinued
from entering the Bay due to congestion but continues to stop on the highway above the HBNP.
Observations were made on a day open to the public (22 June 2022) and found the parking lot to
be approximately 80% full by late morning. The lot never reached full capacity where cars were
turned away. The online reservation system with a limited number of walk-ins available appears
to be an effective method of ensuring no overflow in the parking areas.

118029 m

962433 m" ~

Figure 1. Google Earth annotated measurement highlighting the usable parking area at Hanauma
Bay.
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Wiiches Brew

Figure 2. Google Earth annotated measurement highlighting the usable beach area at Hanauma
Bay. Not all beach areas are available to visitors for safety and facility reasons.

Indoor areas were measured using a laser range finder to estimate room square footage. All
indoor areas have room capacity signs following City & County safety regulations (code
1003.2). Indoor room sizes were cross checked with blueprints of Hanauma Bay to compare with
rangefinder measurements of room length and width. Indoor measurements include the gift shop
(380 ft2, room capacity of 40 people), exhibit display room/visitor center (1,848 ft2, room
capacity of 113 people), and theater room (2,585 ft2, room capacity 189 people).

Ocean Temperature Monitoring
Ocean temperatures of the Bay were recorded using Onset® temperature loggers. The currently

deployed temperature loggers were launched on 25 January 2022. Loggers were calibrated prior
to deployment and set to record water temperature at hourly intervals over a one-year period, to
cover annual variability. Each of the four sectors in the Bay has one temperature logger deployed
at approximately 1-2 meters in depth. Temperature loggers were collected and replaced on
March 13, 2023.

Temperature at Hanauma Bay ranged from 22.5°C in March 2023 to 29.7°C in September 2022.
The highest annual mean temperature of 25.7°C was observed at Witches Brew while the lowest
annual mean temperature was at Channel (25.2°C). The low temperatures experienced at
Channel and Backdoor are likely due to the inflow of cooler water from the outer reef (Rodgers
et al. 2017). Channel may display the lowest annual mean temperatures in this dataset since no
data was collected during the summer. The Channel temperature logger was not collected in the
previous year and stopped recording in June 2022 due to a shortage of storage space when
collected for this year’s data. Annual temperature variability only covers January to June 2022 in
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the Channel sector and does not include the peak summer temperatures often seen in August and
September.

Mean temperature at Backdoor ranged from 24.3°C in March 2023 to 27.5°C in September 2022
with a mean fluctuation of 3.4°C each month. Mean temperature at Keyhole ranged from 24.5°C
in February 2023 to 27.6°C in September 2023 with a mean monthly fluctuation of 2.6°C. While
only six months of data were collected at Channel, the temperature ranged from 24.7°C in
January 2022 to 26.1°C in June 2022 with a mean fluctuation each month of 2.8°C. Annual
temperature at Witches Brew ranged from 24.3°C in March 2023 to 27.6°C in September 2022
with a mean monthly fluctuation of 3.6°C.

A

4 Witches Brew

&

Backdoor

Figure 3. Arbitrary delineations for the Hanauma Bay Nature Preserve using commonly used
local names.

The bleaching threshold of corals is a 1-2°C increase above their summer maximum temperature,
which is usually around 29-30°C in Hawaii (Jokiel and Coles 1977). The lower temperature
threshold for Hawaiian corals is 18°C. The temperatures observed in the Bay over the sampling
period do not meet the thresholds for bleaching, indicating a low likelihood of temperature
mediated bleaching during this year. The temperatures observed thus far are not indicative of
acute thermal stress.

Coral Bleaching Surveys
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Coral bleaching surveys were conducted to assess the overall health of corals in Hanauma Bay.
Corals were observed along the eight 15 meter transects and coral condition was assessed.
Bleaching and paling corals were minimal in the last half of 2022 and first half of 2023.

Globally we have been experiencing a La Nifia climate, a condition that brings cooler sea and
atmospheric temperatures. This current La Nifia has been ongoing for over two years. La Nifias
and EI Nifios typically switch every three to seven years. Predictions by the U.S. National
Oceanic and Atmospheric Administration (NOAA), expect a transition to a neutral state by mid-
2023, followed by a possible shift to an El Nifio phase. This is characterized by warmer sea
conditions and greater likelihood of coral bleaching. This shift is part of a naturally occurring
process, the EI Nifio Southern Oscillation (ENSQO). However, this pattern is developing
differently due to the destabilization of climate change. NOAA predicts a 50% chance of warmer
waters in late 2023. The effect on Hanauma Bay coral will likely follow a similar pattern of
mortality rates in the 2014 bleaching event. Statewide coral mortality averaged 30% with some
regions experiencing high levels (Kona coast) and others extremely low levels (Lana‘i).
Hanauma Bay’s coral morality rate was lower (9.8%) than Kane‘ohe Bay corals (22%). This was
partially due to water residency times, flushing rates, and current patterns (Rodgers et al. 2017).
Subsequent coral mortality will depend on the severity and frequency of bleaching events,
irradiance levels, and wind and rain patterns.

Sea Level Rise Predictions

Sea level rise predictions were estimated from the National Oceanic and Atmospheric
Administration Pacific Island Ocean Observing System (PaclOOS) website
(http://hawaiisealevelriseviewer.org) based on the Hawai‘i Sea Level Rise Vulnerability and
Adaptation Report 2017 and Anderson et al 2018. The model simulates sea level rise in Hawai‘i
at 0.5ft (Fig. 4), 1.1ft. (Fig. 5), 2.0ft, and 3.1ft (Fig. 6). Sea level rise is predicted to increase
rapidly over the next 50 years and is expected to continue increasing at higher rates under
business-as-usual scenarios (Anderson et al. 2018). Currently, the rate of sea level rise in
Hawai‘i is approximately 1.5 mm/year, however it is predicted to reach levels up to 8mm/year
towards the second half of the century under business-as-usual scenarios (Anderson et al 2018,
NOAA tide buoy 2018). The NOAA PaclOOS website predicts that the 0.5 ft (Figure 4) scenario
is expected by 2030 and the 1.1 ft (Figure 5) scenario by 2050. Under the most conservative 0.5
ft scenario, predictions show the majority of the usable beach area at Hanauma Bay will be
underwater. It is important to distinguish that the sea level rise model predicts these levels of sea
level rise only during the peak high tides that occur throughout Hawai‘i. These king tide events
are related to lunar cycles and occurred over the course of six days in the summer months of
2022. These dates include June 14 and 15, July 12 and 13, and August 10 and 11 with high tides
reaching 2.7ft in Honolulu (Sea Grant King Tides Project, tidesandcurrents.noaa.gov). Using
Google Earth’s measurement tool, the usable beach area at Hanauma Bay consists of 10,363
square meters. Comparing the PaclOOS prediction and measuring the usable beach area at the
0.5 ft scenario, an 88.2% decrease to 1,224 available square meters is predicted to occur. The
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decrease in usable area would relocate visitors onto the grass and likely result in overcrowding
should the annual number of visitors remain constant.

Sea Level Rise
Exposure Area

0.5 ft scenario §

Figure 4. National Oceanic and Atmospheric Administration Pacific Island Ocean Observing
System sea level rise prediction of 0.5 ft at Hanauma Bay predicted in 2030.
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Figure 5. National Oceanic and Atmospheric Administration Pacific Island Ocean Observing
System sea level rise prediction of 1.1 ft at Hanauma Bay predicted in 2050.
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Figure 6. National Oceanic and Atmospheric Administration Pacific Island Ocean Observing
System sea level rise prediction of 2.0-3.2 ft at Hanauma Bay.
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Recommendations

City and County of Honolulu Parks and Recreation: Hanauma Bay Nature Preserve
A common survey recommendation in the facilities department is to hire more workers to
improve efficiency. Contrary to this suggestion, the vast majority of respondents report
satisfaction with the current number of visitors. In addition, the overall opinion from all
departments is operations are performed efficiently. Realistically, there must be a balance
between operating funds and workforce. Recommendations for facilities do not include
additional employees but greater communication, cooperation, and moral building.

e Additions to the online website should provide visitors with prior background to reduce
the locational and informational questions.
Implementation: Plans to restructure the CCH Hanauma Bay website are in place.

e The longest lines observed were at the snorkel rental vendor. A pre-payment option on
the website, reevaluation of efficiency, or increased staffing may be appropriate.
Implementation: A prepay option is currently available on the website (below). This is
available prior to the online booking for entry has been secured. Current wait times on
site are approximately 10 minutes.

Book your snorkel rental!

Scan the QR code below or click here to book your snorkel rental at Hanauma Bay.

The snorkel concession is open from 7 a.m. until 3 p.m., Wednesdays through Sundays.

e The 88.2% sea level rise will only affect the Hanauma Bay beach area a few days out of
the year. As a result, drastic changes are not immediately necessary, however future
changes will need to be made to accommodate visitors to the Bay. During king tide
events, Hanauma Bay could close until the tide has receded. Alternatively, management
may want to accept reduced visitors on these days to avoid crowding on the beach and
grass areas. Should visitor counts remain constant during king tide events, visitors would
self-relocated higher onto the beach. As sea level continues to rise throughout the
century, further accommodations will need to be instituted, which may include the
relocation of infrastructure. It may benefit staff to review the City and County of
Honolulu’s Department of Parks and Recreation Climate Adaptation Action Plan that
focuses on the potential risks of climate change including sea level rise.
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Hawai‘i Sea Grant Education
Suggestions to implement recommendations within the jurisdiction of the education program will
be addressed at the regular meetings between HBNP and Sea Grant management.

Increase docent training on goals and intentions of the HBNP to help provide a unified
message to visitors.

One way to increase the reach of information to visitors through outreach resources is the
implementation of a phone application and/or the use of QR codes that can be scanned to
provide further information while waiting. The app could include areas for visitor
feedback, additional resources including marine life identification, Hanauma Bay history,
and stewardship of the marine resources at the Bay.

Implementation: The HBNP is pending a restructure of their website. The IT City and
County of Honolulu (CCH) Department of Information Technology is responsible for all
CCH for technical infrastructure and technical support to all CCH divisions. A waiting
list prioritizes pending tasks. The restructure will include links to QR codes providing
additional resources to visitors. The Hanauma Bay Education Program currently has a
OR code and link to their website on the CCH Parks website below
(https://www.honolulu.gov/parks-hbay/home).

Hanauma Bay Education Program

The award-winning Hanauma Bay Education Program is administered by the University of Hawai‘i Sea

Grant College Program. Approximately 800,000 annual visitors to Hanauma Bay are educated on the value of
marine resources and reef etiquette. A strong team of volunteer docents make this significant education
accomplishment possible. The Hanauma Bay Education Program also educates visiting schools and hosts marine
and conservation related evening presentations for the public. Scan the QR code to the right to access their website
for more information or click on this link.

The most frequently suggested recommendation is to include more time to view exhibits
(39%). As guests enter the park after the ticketing booth, they are encouraged to proceed
directly to the outdoor area by the visitor center for a briefing before the mandatory
video. Having some time to read the visitor room signage and look at displays may
increase awareness of the Bay’s natural resources and provide more context for the
orientation video.

Better communication through walkie talkies was a common theme among education
staff and docents.
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e Employee and docent training should include information on sources of information and
support for equal opportunities, grievances, emotional assistance, and safety and health
concerns.

Outreach
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Appendix A: Survey Questions for Distribution

Hanauma Manager Survey Questions

1.

2.

3.

What is the ratio of facility workers to daily guests?
Are there sufficient waiting areas for the number of daily guests?

Are there sufficient personnel in each area to provide adequate coverage and service for

visitors?

4.

8.

9.

Which divisions are consistently providing efficient service?

Which divisions can use improvement?

How is staff training capable of providing work proficiency to employees?

What is in place to foster high morale among employees?

What are the programs available to employees to assist with emotional support issues?

How are grievances handled?

SeaGrant Management Questions

1.

2.

3.

What is the ratio of facility workers to daily guests?
Are there sufficient waiting areas for the number of daily guests?

Are there sufficient personnel in each area to provide adequate coverage and service for

visitors?

4.

8.

9.

Which divisions are consistently providing efficient service?

Which divisions can use improvement?

How is staff training capable of providing work proficiency to employees?

What is in place to foster high morale among employees?

What are the programs available to employees to assist with emotional support issues?

How are grievances handled?

10. How many docents are available? How many employees work at Hanauma Bay?
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11. How many docents work each day?

12. How reliable are the docents?

SeaGrant Education Questions

1.

2.

3.

6.

7.

What is the daily average number of people who stop at the kiosk?

In all waiting areas is there sufficient space for the maximum number of visitors?
Are there enough SeaGrant employees to accommodate the number of guests?

Do the number and quality of docents allow coverage of all aspects of operations?
What aspects of your work is efficient in providing the needs of visitors?
Recommend ways to improve efficiency.

How can the docent training be more effective?

Lifeguard Questions

1.

2.

3.

4.

5.

What sectors do lifeguards pay special attention to due to high visitor usage?
How many lifeguards are working simultaneously?

What is the standard lifeguard to people ratio?

What distracts lifeguards from doing their job?

Is the current number of lifeguards sufficient to provide adequate coverage, does it exceed

the number to assure public safety, or do you recommend an increase in lifeguards?

6.

7.

8.

What resources would allow you to provide better service?
What aspects of your job allow you to perform your work efficiently?

Provide suggestions for improvements.

Maintenance/Grounds Survey Questions

1.

2.

3.

How often are trash cans emptied, how often are they overflowing?
How often do bathrooms need repairs/cleaning?

Where do you notice the most waiting visitors?
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8.

9.

Estimate number of pieces of litter outside trash cans picked up by facility workers daily.
What areas have the most trash picked up?

What changes would you like to see made at the bay?

Do you think there are too many or too few visitors at the bay?

Avre there sufficient number of facilities employees?

What aspects of your job do you enjoy most?

10. What would make your job easier?

11. Provide recommendations to improve efficiency.

Employee Survey Questions

1.

2.

Is there anything that you believe could be performed more efficiently?
What job or task takes up most of your time?

What aspects of your job do you enjoy most?

What would make your job easier?

Provide recommendations to improve efficiency.

Are there sufficient number of employees in your division?
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Appendix B: Sea level rise disclaimer from PaclOOS Website

DISCLAIMER (updated November 27, 2018): Based on the methodology of sea level rise
modeling used in the Hawai‘i Sea Level Rise Vulnerability and Adaptation Report (Report) and
the Hawai‘i Sea Level Rise Viewer (Viewer), having gone through peer review and publication
in the Nature journal Scientific Reports, the results of this study are sufficiently validated to be
appropriately used in land management decisions as the best available information as of the date
of publication of the Report, December 2017, consistent with the intent of Act 83 SLH 2014 as
amended. This Report is intended to provide a state-wide assessment of Hawai‘i’s vulnerability
to sea level rise. The location of projected impacts and economic costs from damages are
estimates based on a particular sea level rise scenario. The hazard and vulnerability data and
maps provided herein are based on observational data and computer-based models as described
in the Report and in published research (Anderson et al., 2018). As with all models, it is
important to understand the methods, assumptions, limitations, and uncertainties of the methods
used. The risks associated with use or non-use of the results are assumed by the user. At its
November 27th, 2018 public meeting, the Hawai‘i Climate Change Mitigation and Adaptation
Commission agreed to replace the original Report Disclaimer with an updated Disclaimer,
adapted here for the Viewer. The Commission’s decision on this matter is detailed in meeting
minutes from November 27, 2018.
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