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Tsunami Induced Oscillations
Along the South Shore of O‘ahu Hawai‘i

Trey S. Summers

The State of Hawai‘i has put a great deal of effort into implementing tsunami safety 
and preparedness measures. Despite these efforts, strong currents caused by tsunami 
induced oscillations may pose significant hazards to Hawai‘i residents who are 
uninformed of their presence. Pressure measurements collected by Pacific Islands Ocean 
Observing System (PacIOOS) nearshore sensors during the 2010 Maule, 2011 Tohoku, 
and 2022 Tonga tsunamis show that tsunami oscillations produced water level 
variations which gradually decreased over time. These oscillations were estimated to last 
from 20.70 ± 0.08 hours to 37.80 ± 0.24 hours at specific sensor sites. The average 
duration time across all datasets was 30.00 ± 0.12 hours. Additionally, the variations 
induced by these tsunami events exhibited periodic behavior, with the largest oscillations 
occurring near a 42.0-minute period.  The median peak value was determined to be 42.1 
minutes and the range of peak values was determined to be 0.4 minutes. This study 
hypothesizes that tsunami induced oscillations along the south shore of O‘ahu, Hawai‘i 
are the result of resonance behavior between the tsunami and the surrounding 
bathymetry, and that the 42.1-minute period is the dominant resonance frequency along 
the south shore of O‘ahu. These results may be useful for forecasting tsunami oscillations 
along the south shore of O‘ahu because they indicate a driving mechanism with 
predictable behavior. This information can be used by the State of Hawai‘i to determine 
when it is safe for residents and visitors to go back into the water after one of these events.
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I recently graduated from UH Mānoa with a physics degree, as well as a certificate in the Marine 
Option Program. My research interests are in Physical Oceanography, Geophysics, and Climate 
change. My favorite place to be when I'm not working is the ocean! While in college, I competed for 
the UH sailing team in regattas across the country. Since graduation, I have been spending my free 
time surfing, sailing, diving, and foiling!

Background Information

Tsunamis are powerful ocean waves typically triggered by 
earthquakes or volcanic activity that displace substantial 
amounts of water. Tsunami formation can be divided into 
three stages: hydrodynamic forcing, open ocean propagation, 
and wave transformation as it approaches shore (Song et al., 
2017). While the most noticeable impact of tsunamis are the 
initial waves, the turbulent sea state after the transformation 
stage poses additional hazards. Tsunami waves are capable of 
producing long period standing waves, these oscillations can 
be influenced by the resonance effects of the basin, and 
amplification is known to occur in harbours and bays (Bellotti, 

2007; Ren et al., 2021). Tsunami induced resonance effects 
depend on incident waves period, reflection and energy 
dissipation, boundary and the geometry of the basin (Allgeyer, 
et al., 2013). Oscillations can remain for days after a tsunami 
event. In a 2020 study following the Aegean Sea earthquake 
the duration of tsunami oscillations ranged from 19.6 hours 
to more than 90 hours at seven different tide gauges through 
out the Aegean Sea (Heidarzadel et al., 2020). Tsunami induced 
oscillations have a direct impact on coastal management and 
safety, so it is important to understand them.

Tsunami oscillations, similar to those described in studies 
such as those by Bellotti (2007) and Heidarzadel et al. (2020), 
have also been observed in the coastal waters of Hawai‘i. One
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study was able to model oscillations from the 2006 Kuril islands 
tsunami using a non-linear shallow wave model; this model 
was validated with real-time surface level measurements. 
Spectral analysis of the computed sea surface elevations from 
this study revealed standing waves between 15 and 42 minute 
periods. This study showed two systems of standing waves 
across the Hawaiian Islands at the 42 minute period: one 
larger system across the island chain and one smaller and more 
energetic system near Penguin Bank (Munger and Cheung, 
2008). Both systems are coupled and in phase at Penguin Bank, 
where the fundamental mode of oscillation has the highest 
amplitude across the island chain (Munger and Cheung, 2008). 
The antinode over Penguin Bank extends from west Molokaʻi 
to Southeast Oʻahu. Interestingly, nearby stations in Honolulu 
and the Kilo Nalu Observatory on the south shore of Oʻahu 
measured strong signals around 42 minutes despite the low 
energy of the approaching tsunami at this period (Munger and 
Cheung, 2008). Similar signals were observed during the 2010 
Maule and 2011 Tohoku tsunamis by near-real time monitor-
ing of ocean conditions by PacIOOS (https://www.pacioos. 
hawaii.edu/). Spectral analysis of pressure measurements from 
nearshore sensors revealed similar energy spectrums with 
major spectral energy near 43 minutes (Fielder et al., 2014). 
This study noted that the observed frequencies of oscillations 
were consistent with the model created by Munger and Cheung 
(2008) which related several periods to regional standing 
waves throughout the Hawaiian Island chain. 

Based on the observations of previous studies we hypot-
hesize that standing waves along the south shore of Oʻahu 
oscillate near a 42 minute period for every tsunami event.  If 
the hypothesized resonance behavior is observed for each 
tsunami event in this study, it may suggest that future 
tsunamis will continue to produce sea level oscillations at the 
same frequencies. Additionally, the appearance of the same 
type of standing waves may allow for more reliable forecasting  
in order to contribute to warnings and advisories.

Methodology

Study Events

On February 27, 2010, a magnitude 8.8 earthquake near the 
coastline of central Chile generated a trans-pacific tsunami, 
which reached the southern coast of O‘ahu, Hawai‘i, 15 hours 
later with a wave height of 0.25 m. On March 11, 2011, the 
magnitude 9.0 Tohoku earthquake off the coast of Honshu, 
Japan, triggered another tsunami, arriving on O‘ahu 7 hours 
later with a wave height of 0.71 m. On January 15, 2022, a 
submarine eruption of the Hunga Tonga-Hunga Haʻapai 
volcano, located in the Pacific Ocean near Tonga, produced a 
smaller tsunami that reached O‘ahu after 3 hours, with a 
wave height of 0.20 m. 

Study Sites

The data used in this study were water level observations from 
the PacIOOS Nearshore Sensor Group. Sensors are located 
along the south shore of O‘ahu, Hawai‘i, between Māmala 
and Maunalua Bay: NS03 at the Hilton Hawaiian Village, 
NS04 at the Waikīkī Aquarium, NS10 near Koko Marina, and 
CWB-A in Ke‘ehi Lagoon (Figure 1).

Figure 1. 

Geographic and Bathymetric Map of South Shore, Oʻahu

Note: CWB-A: location of temporary CTD deployment in 2022. 
NS03, NS04, NS10: locations of permanent nearshore CTD 
sensors along the south shore of Oʻahu. CDIP_238: location of 
Barbers Point wave buoy. HNL: location of weather station at 
HNL airport. Maps created using NOAA Bathymetric Data 
Viewer (https://www.ncei.noaa.gov/maps/bathymetry/).

PacIOOS Nearshore CTD Sensors

Data were recorded by Sea-Bird Electronics (SBE) conductivity, 
temperature, and depth (CTD) sensors. NS10 and CWB-A 
used SBE16plusV2 SeaCAT CTDs with dual-channel 
fluorometers measuring temperature, salinity, depth, 
chlorophyll, and turbidity. NS03 and NS04 used SBE37SMP 
MicroCAT CTDs measuring temperature, salinity, and depth. 
All sensors had 100 m strain-gauge pressure sensors accurate 
to 0.001 decibar and were deployed at 2.0–2.5 m depth 
(Figure 2).

Figure 2 

SBE 16plus V2 SeaCAT CTD Pre-deployment, Equipped with a 
ECO Dual-channel  Fluorometer (left) and SBE 37 SMP MicroCAT 
CTD after a Four-month Deployment at NS03 (right)  
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Water Level Variation Estimation

The rate of change in water level was estimated using the 
average rate of change formula. For each pair of consecutive 
data points, the rate was calculated by subtracting the earlier 
water level from the later one and dividing by the time 
interval between them. In Equation 1, A(x) represents the 
average rate of change, where f(a) and f(b) are the water level 
measurements at times a and b, respectively. A is the average 
rate of change in meters per unit time, and b – a is the time 
interval between two measurements.

Determination of Variation Duration

To estimate how long tsunami effects persist, a decay curve 
was fitted to the water level variation data. As the tsunami 
signal diminishes, the curve approaches baseline sea 
conditions. Two cutoff criteria were applied to determine 
when the signal becomes negligible. The first marks the point 
where the fitted curve intersects the average variation from 
the first 4 days post-arrival—indicating when significant 
disturbances end. The second identifies when the curve’s 
amplitude drops to 10% of its initial value—signaling the end 
of detectable variation. A least-squares fit algorithm in Python 
was used to determine the optimal parameters  a0, b, and a1 
given by Equation 2. 

Results

Forcing from Wind Swell Driven Waves

Swell and wind-driven waves influence water levels alongside 
tides and tsunamis. To isolate tsunami effects, we analyzed 
swell impacts on depth measurements near each event. 
Groundswell affected NS03, NS04, and NS10—sensors 
sheltered behind reef crests. At high tide, swell crossed the 
crests, temporarily raising pressure readings. These sensors, 
located along O‘ahu’s south shore, are exposed to swell from 
~90° to 270°.

Wind waves, though generally lower in amplitude, also 
affected readings depending on wind speed, direction, and 
fetch. Easterly and southerly winds generate larger waves due 
to longer fetch; prevailing NE trade winds produce smaller 
waves due to shorter fetch.

The PacIOOS Barber’s Point buoy recorded significant 
wave height (Hs), peak period (Tp), peak direction (Dp), and 
average period (Ta), with 30-minute averaged values reported 
at each interval’s start. Hs measures the mean height of the 
highest third of waves, including both swell and wind waves.

NS03 and NS04 have recorded data since July 2009, 
and NS10 since May 2011, all at 4-minute intervals. During 
the 2022 Tonga tsunami, NS04’s interval was temporarily 
reduced to 30 seconds (January 16, 3:48 am UTC to 11:54 pm 
UTC). A short-term deployment at CWB-A in Keʻehi Lagoon 
also captured the tsunami’s effects, recording at 6-minute 
intervals from September 2021 to January 2022. All data are 
available through PacIOOS.

Wave Buoy and Wind Rose Data

Wave and wind data were analyzed as additional water level 
forcings. Wave height and direction data came from the 
PacIOOS Barbers Point buoy during the 2010 Maule, 2011 
Tohoku, and 2022 Tonga tsunamis (https://www.pacioos. 
hawaii.edu/waves/buoy-kalaeloa/). Wind data from the 
Daniel K. Inouye Airport weather station were downloaded 
from the National Weather Service (https://forecast.weather. 
gov/data/obhistory/PHNL.html).

Periodogram Analysis

Tsunamis produce sea level disturbances with complex, time-
varying wave frequencies (Allgeyer and Maradiaga, 2013). 
The goal of the periodogram analysis is to identify dominant 
oscillation periods recorded by each nearshore sensor during 
each tsunami. By comparing periodograms across events, we 
can determine whether water level variations show consistent 
periodic behavior. However, normal daily sea level changes—
due to tides and swell—complicate this, especially with low 
sensor sampling frequencies meant to conserve battery life. 
To isolate tsunami-induced variations, we fit and subtract 
tidal trends from the data.

We first determine the tidal frequency at each sensor 
using the Lomb-Scargle (LS) periodogram (Lomb, 1976), as 
implemented in the astropy Python package (Virtanen et al., 
2020). The LS periodogram estimates the power of periodic 
frequencies in the data. Applied to tsunami-free data, it 
identifies the sensor’s tidal signal, with dominant peaks 
reflecting mixed semidiurnal tides near 12 and 24 hours. 
These peaks are then used to fit a tidal model.

To generate the model, we "phase fold" the data using 
the detected tidal period—mapping all points across multiple 
cycles onto a single cycle—creating a densely sampled plot of 
sea level versus time. Inspired by methods in astronomical 
time series (VanderPlas & Ivezić, 2015), we then fit a 5-term 
Fourier series using the scipy Python package (Virtanen et 
al., 2020). This closed-form model is extrapolated over the 
sensor’s full time series. Subtracting it from the original data 
removes the tidal signal, leaving only low-amplitude wind/
swell effects and, during tsunami events, the tsunami-
induced signal. This cleaned dataset isolates the signal 
previously obscured by tidal variation.

Summers 23



During the 2022 Tonga tsunami, Hs at Barbers Point 
ranged from 4.07–7.48 ft (283°–314°), with ~4 ft of new 
groundswell. Winds were under 10 knots. In March 2011, 
during the Tohoku tsunami, wave directions were variable, 
Hs ranged from 3.11–5.81 ft, and winds reached 5–15 knots 
from 0°–50° (Figure 3).

Note: (A) Wind magnitude and direction during the Tonga tsunami in 2022. (B) wind magnitude and direction during the 
Tohoku tsunami in 2011. (C) Wind magnitude and direction during the Maule tsunami in 2010. (D) Wave direction during the 
Tonga tsunami in 2022. (E) Wave height during the Tonga tsunami in 2022. (F) Wave direction during the Tohoku tsunami 
in 2011. (G) Wave height during the Tohoku tsunami in 2011. (H) Wave direction during the Maule tsunami in 2010. (I) wave 
height during the Maule tsunami in 2010. Tsunami Arrival indicated by a vertical red line. 

During the 2010 Maule tsunami, wave direction held 
steady at 300°. Wave heights rose from ~5-6 ft during the 
event to over 15 ft in the following week as new groundswell 
arrived. Winds ranged from 10-20 knots (0°–50°) during the 
tsunami.
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Figure 3. 

Wind Magnitude, Wind Direction, and Wave Direction of the Tonga (2022), Tohoku (2011), and Maule (2010) Tsunamis



Nearshore Sensor Observations and Estimated Water 
Level Variation

Nearshore sensor data track sea level response to tsunamis. 
Pressure measurements were converted to meters to reflect 
water depth above the sensor. Depth changes before and after 
each tsunami wave, marked by vertical red lines, are shown in 
Figure 4. Increased depth variability following each tsunami 
indicates sea level changes from tsunami oscillations.

Tsunami oscillations were further investigated by 
estimating the rate of water level change. The water level 
variations in Figure 4 show deviations from normal conditions 
following each tsunami's arrival. Notably, maximum water 
level variation did not occur immediately after the tsunami, 
suggesting a brief amplification period where oscillations grew 
in magnitude. After reaching their peak, variations gradually

decreased as conditions returned to normal.
Tsunami oscillations can be distinguished from other 

forces, such as groundswell and wind swell. Swell waves 
significantly impacted the water level variation, with more 
exposed locations like NS04 and NS03 showing periodic 
increases in variation, particularly at high tide when swell 
passed through reef crests. An example is shown in Figure 4, 
subplot F, with variability peaking around 12 pm on February 
12. This trend was less pronounced at locations like CWB-A
and NS10, which are sheltered from swell.

Wind-driven waves also contributed to variation in the 
data. A comparison between the 2010 and 2022 datasets 
reveals that water level variations in 2010 deviated more from 
the average, consistent with higher wind speeds during the 
Maule tsunami. Wind-driven variations were smaller than 
groundswell and did not align with tidal cycles (Figure 4).
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Figure 4. 

Relative Sea Level and Estimated Water Level Variation During the Tonga (2022), Tohoku (2011), and Maule (2010) Tsunamis
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Note: (A) Relative sea level at NS04 during the Tonga tsunami in 2022. (B) Relative sea level at NS10 during the Tonga tsunami 
in 2022. (C) Relative sea level at CWB-A during the Tonga tsunami. (D) Relative sea level at NS04 during the Tohoku tsunami in 
2011. (E) Relative sea level at NS03 during the Tohoku tsunami in 2011. (F) Relative sea level at NS04 during the Maule tsunami 
in 2010. (G) Relative sea level at NS03 during the Maule tsunami in 2010. (H) Estimated water level variation at NS04 during the 
Tonga tsunami in 2022. (I) Estimated water level variation at NS10 during the Tonga tsunami in 2022. (J) Estimated water level 
variation at CWB-A during the Tonga tsunami in 2022. (K) Estimated water level variation at NS04 during the Tohoku tsunami in 
2011. (L) Estimated water level variation at NS03 during the Tohoku tsunami in 2011. (M) Estimated water level variation at NS04 
during the Maule tsunami in 2010. (N) Estimated water level variation at NS03 during the Maule tsunami in 2010. The vertical 
red line indicates the arrival of the first tsunami wave in Honolulu.



Table 1. 

Table of Relevant Results from the Curve Fit, Average Calculations, and Duration Times

days after tsunami arrival. Areas of the curve above the 
average were considered ‘significant’, and the intersection 
point marked when significant variations ceased. The second 
criterion estimates when tsunami-induced variations are no 
longer detectable by calculating when only 10% of the initial 
amplitude remains in the exponential curve. This point 
represents when the total variations cease.

Tsunamis with larger effects on water level variation did 
not always correlate with longer durations at NS04 (Figure 5). 
The largest variation occurred during the 2011 Tohoku 
tsunami, followed by the 2022 Tonga tsunami and the 2010 
Maule tsunami. Despite the largest variation in 2011, the 
duration of significant sea level velocities was shortest. The 
longest duration occurred during the 2010 Maule tsunami, 
and the shortest during the 2011 Tohoku tsunami.

Duration of Post-Tsunami Sea Level Variations

A new method was developed to determine the duration for 
sea level variations induced by each tsunami to return to pre-
tsunami conditions. This method uses least-squares curve-
fitting to model water level variation trends. Two criteria were 
defined to identify when tsunami-induced variations were no 
longer significant or detectable in the data. To enhance 
efficiency, water level variations in Figure 4 were represented 
as absolute changes over time. The four day period after each 
tsunami’s arrival was used for curve fitting, and the four days 
prior to the tsunami were used to calculate baseline 
conditions at each sensor location.

The first criterion identifies the intersection between the 
fitted curve and the average water level variation during the four
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Figure 5.

First 96 Hours of Estimated Absolute Water Level Variations Following a Tsunami Event
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Note: These figures show the first 96 hours of estimated absolute water level variations following a tsunami event. The curve fit is 
shown in red. The baseline conditions are shown in blue while the average value of the data is shown in green. The duration of time 
needed for significant deviations to cease is shown in orange. The duration of time needed for total deviations to cease is shown in 
gray. (A) Water level variation at NS04 during the Tonga tsunami (2022), and estimated duration times of tsunami oscillations. (B) 
Water level variation at NS10 during the Tonga tsunami (2022), and estimated duration times of tsunami oscillations. (C) Water 
level variation at CWB-A during the Tonga tsunami (2022), and estimated duration times of tsunami oscillations. (D) Water level 
variation At NS04 during the Tohoku tsunami  (2011), and estimated duration times of tsunami oscillations. (E) Water level variation 
at NS03 during the Tohoku tsunami  (2011), and estimated duration times of tsunami oscillations. (F) Water level variation at NS04 
during the Maule tsunami (2010), and estimated duration times of tsunami oscillations. (G) Water level variation at NS03 during the  
Maule tsunami (2010), and estimated duration times of tsunami oscillations.



than baseline conditions, implying that they were induced by 
the tsunami waves. The strongest similarities between the 
periodograms were larger amplitudes for frequencies near 27 
and 42 minutes. These periodic sea-level variations are 
consistent with tsunami oscillations observed by other studies 
in Hawaiʻi (Fielder et al., 2014; Munger and Cheung, 2008).  
The strongest oscillations for almost every periodogram 
occurred near the 42 minute period, except NS10 during the 
2022 Tonga tsunami for which this was the second strongest 
oscillation. The median peak value for this period was 42.1 
minutes with a 0.4-minute range, highlighted in gray in 
Figure 6. These results suggest an underlying mechanism for 
sea level oscillations, and are consistent with resonance 
behavior for a 42-minute period as the dominant frequency 
along the south shore of Oʻahu.

Spectral Analysis using the Lomb-Scargle Periodogram

The time-series pressure data from each dataset was adjusted 
to remove the tidal signal and transformed into a frequency-
amplitude spectrum using the LS periodogram, as outlined in 
the methods section. Periodograms were used to identify the 
oscillation period of tsunami-induced water level variations. 
This process was standardized across all datasets. For each, 
two periodograms were generated: one using seven days of 
pre-tsunami data (baseline periodogram) and another using 
data from the first 24 hours after tsunami arrival. The results 
are shown in Figure 6.

The output of the periodogram analysis (Figure 6) shows 
that periodic sea-level variations were present during each 
tsunami event. Variations in sea level were significantly larger 
Figure 6. 

Periodogram of the Pressure Data for the Tonga (2022), Tohoku (2011), and Maule (2010) Tsunamis
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Notes: (A) Data collected from NS10 during the Tonga tsunami (2022). (B)  Data collected from NS04 during the Tohoku tsunami (2011). 
(C) Data collected from NS03 during the Tohoku tsunami (2011). (D)  Data collected from NS04 during the Maule tsunami (2010). (E)
Data collected from NS03 during the Maule tsunami (2010). The results of the periodogram on data collected after the arrival wave is
shown in red, the baseline conditions are shown in blue. The region of each graph in grey highlights periods between 41.9 minutes and
42.3 minutes. The amplitudes are labeled as “estimated amplitude” to indicate that the amplitudes for these periods likely changed over time.



Discussion

The findings of this study provide meaningful insights to 
tsunami oscillations within the context of previous studies 
conducted in Hawaiʻi. The periodograms generated in this 
study are consistent with the spectral analysis of PacIOOS 
sensors of the 2011 Tohoku and 2010 Maule tsunamis, which 
noted major spectral energy near a 43-minute period for both 
tsunami events (Fielder et al., 2014). In conjunction with the 
2014 study, these results are also consistent with models and 
data collected during the 2006 Kuril islands tsunami where 
two systems of 42-minute standing waves were coupled and 
in phase over Penguin Bank (Munger and Cheung, 2008). 
The  antinode observed and modeled by Munger and Cheung 
extended from west Molokaʻi to Southeast Oʻahu, where the 
sensors in this study were located. Furthermore, the 2008 
study noted that nearby Honolulu and Kilo Nalu stations 
registered strong signals around 42 minutes despite the low 
energy of approaching tsunami at this period. This finding 
may explain the tendency for oscillations to occur at the 42-
minute period during the 2006 Kuril islands, 2010 Maule, 
2011 Tohoku, and 2022 Tonga tsunamis despite their 
differences in origin and amplitude. The results from each of 
these research efforts, indicating large oscillations at the 42-
minute period for each tsunami event, strongly support our 
hypothesis that tsunami oscillations along the south shore of 
Oʻahu have a consistent resonance frequency.

The method developed in this study to estimate the decay 
time for tsunami oscillations provides new insights on how 
long observable effects remain in the nearshore environment 
This method quantifies the duration of observable effects on 
sea level induced by tsunami oscillations at each sensor location 
along the South Shore of Oʻahu. Estimates from this method 
indicated that observable variations remained anywhere from 
20.70 ± 0.08 hours to 37.80 ± 0.24 hours. The duration of these 
effects during the 2022 Tonga tsunami were also observed by 
eyewitnesses. During the 2022 Peter Wenner Rainbow Invite 
sailing regatta, hosted by the University of Hawaiʻi at Mānoa, 
the event organizers noted the following in their event summary 
on January 15th: “Started off with some crazy currents in Keʻehi 
lagoon from the Tsunami affecting most all of the Pacific 
Ocean" (https://scores.collegesailing.org/s22/andrew-johnson). 
As an athlete on the University of Hawaiʻi sailing team I was 
fortunate enough to experience this phenomenon on the 
water firsthand. During these races near the entrance of Keʻehi 
Lagoon I remember watching the currents ebb and flow like a 
tidal current, switching direction about every 15-20 minutes. 
These currents were the strongest in the morning, and 
gradually weakened through the day. This provided a unique 
opportunity to qualitatively observe the effects analyzed in this 
study, and highlight the importance of developing new methods 
to understand the temporal scale of these oscillations. My 
observations that day were the motivation for this study.

Limitations

The Periodograms from nearshore sensor locations NS04 and 
CWB-A during the 2022 Tonga tsunami were inconclusive 
due to various complications. Due to the location of CWB-A 
in Keʻehi Lagoon, additional oscillations in sea level were 
introduced. This was likely caused by a seiche, triggered by 
the tsunami wave. Since these oscillations were contained in 
Keʻehi Lagoon, the periodogram analysis was not used to 
characterize the tsunami oscillations along the south shore of 
Oʻahu. The sampling interval of the CTD sensor at NS04 was 
changed after the arrival of the tsunami. This change in 
sampling interval caused issues with the periodogram 
algorithm, because of these issues the periodogram from 
NS04 during the Tonga tsunami was not included in this 
study. Both of these issues were complicated further by the 
fact that the signal from the Tonga tsunami in the sensor data 
was relatively weak. Because of this the oscillations induced 
by the tsunami were difficult to differentiate from the forcing 
due to ground swell and wind driven waves.

Conclusions

Pressure measurements from PacIOOS nearshore CTD 
sensors show detectable tsunami oscillations during the 2011 
Tohoku, 2010 Maule, and 2022 Tonga tsunamis. These 
oscillations produced water level variations which gradually 
decreased over time. Estimates generated by this study for the 
duration time ranged from 20.70 ± 0.08 hours to 37.80 ± 
0.24 hours at specific sensor sites. The average duration time 
across all datasets was 30.00 ± 0.12 hours. Periodogram 
analysis revealed tsunami oscillations with periods at 42 
minutes in every periodogram, this was also the most 
dominant oscillation in four out of five periodograms. The 
median peak value for this comparison was 42.1 minutes, 
with a range of 0.4 minutes. The findings for the dominant 
resonance period of 42 minutes produced in this study are 
consistent with other studies of the 2006 Kuril islands, 2010 
Maule, and 2011 Tohoku tsunamis. The similar behavior of 
the oscillations produced by these tsunamis despite 
differences in origin and amplitude support our hypothesis 
that tsunami oscillations have a constant resonance frequency 
along the south shore of Oʻahu.

This study highlights the need for more attention to the 
timing of the "all clear" signal after a tsunami event. For 
example, during the 2022 Tonga tsunami, the Pacific 
Tsunami Warning Center (PTWC) declared the advisory 
ended at 7:52 am HST, but noted that "small sea level changes 
and strong or unusual currents may persist for several 
additional hours" (PTWC, 2022). Our findings suggest that 
significant sea level changes, such as those associated with 
long tsunami oscillations, persisted much longer than the 
advisory period. Specifically, significant variations at NS04 
during the Tonga tsunami ceased around 10:00 pm HST, 

Horizons Vol. 10, Fall 202530



approximately 20.7 hours after the event began. These results 
indicate a potential hazard, as long tsunami oscillations may 
continue after the official "all clear" signal, posing risks to 
those unaware of the extended duration of sea level changes.
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