WHAT CAUSES WAVES?
Various forces cause waves, such as wind, underwater
earthquakes, gravitational pull of the sun and moon, ships,
and many more.

Is the water actually traveling? No, the ocean water stays
where it is -- it’s the motion and energy that are being
transferred.

Waves are observed on a daily basis along the shores of
Hawai‘i. The majority of those are wind-generated waves,
formed hundreds or thousands of miles away. As the wind
blows over the ocean surface, it creates pressure and stress,
which deforms the
ocean surface and
creates ripples.
These little ripples
then offer even more
surface area for the
wind to interact with.
The water continues
to “catch” more wind
-- more and larger
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waves develop.

When these waves enter shallower water, many physical
changes occur to the wave. As the first wave “feels” the
ocean floor, it slows down, while the second wave catches
up to the slowed down wave in its original speed. Similar to

A storm far out on
the ocean creates chaotic waves (also known as “seas”), with
different wave heights and wave periods. The higher the wind
speed, the longer the duration of the wind, and the larger the
distance over which the wind blows (fetch), the larger and
longer the waves that are formed.

Reaching Shallow
Water

The still-water line can be used as a reference point, which
describes the sea surface level when the ocean is completely
calm and flat. The highest point on a wave is called the crest,
while the lowest point is referred to as the trough. The
vertical distance between the trough and the crest is
the wave height. Another important characteristic is
the wavelength, which is the horizontal distance
between two crests or two troughs (one
“complete” wave). In order to determine the
wave period, one would need to measure
how long it takes for one complete wave,
or a wavelength, to pass a particular
point.
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As the wave energy travels great
(1/2 Wavelength)
distances in the direction of the
propagation, water particles pass
Ocean bottom
the energy along by moving in a
circle. This circular motion dies
out further below the surface, at the wave base, which equals half of the wavelength. If the water depth is
shallow and the ocean bottom therefore touches the wave base, the wave will slow down as a result.

Waves Break
on Shore

a traffic jam, the second wave also slows down as it gets
closer to the first wave. The wavelength decreases,
and the remaining wave energy moves into the
wave height, which increases. At some point,
the wave gets too steep to support itself due
to a short wave length and an increased
wave height, causing the wave to
break. This can happen right on
the shoreline, or further
out in the surf
zone.
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Then the waves organize themselves: waves with a longer
period are faster and move ahead of the group, reaching a
distant site before the shorter period waves. Organized in
sets, these waves travel hundreds of miles.
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HOW ARE WAVES MEASURED?

Peak

ve
a
W

ck
a
B

W a v e Fa

Hawaiian
Scale

Face
Height

In order to characterize a wave and its potential impacts both on the ocean and at the shoreline, three
parameters are measured: 1) wave direction to determine the angle the wave is coming from; 2) wave
height, measuring from the trough to the crest; and 3) wave period to identify how much time it takes
one wavelength to pass. Wave height, period, and direction can vary from wave to wave. Therefore wave
characteristics are normally described statistically as a time-series over a period of time. For instance
wave height is determined by taking the mean wave height of the largest third of waves in a given time
period (e.g., 30 min).
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The combination of wave height and wave period will ultimately determine how large the wave will
be once it hits the shoreline. A wave with a higher period has a longer wavelength and travels faster.
It carries more energy and thus will result in a stronger breaking wave. There are different scales to
determine the height of a breaking wave in the surf zone. In most parts of the world, surfers
and beachgoers measure the wave’s face height from the trough to the peak. The
Hawaiian scale on the other hand measures the back of the wave to
the peak of the wave. Surf reports normally specify whether the
provided value refers to the face height or to “Hawaiian.”
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2. Wave data are transmitted via satellite.

WHAT IS A WAVE BUOY?
The purpose of a wave buoy is to measure various
wave characteristics in the ocean. Most wave buoys
report in real-time and transmit data to the end-user
via satellite. This information is valuable for ocean
users and agency officials to make well-informed
decisions to be safe. But how does it work? A wave
buoy floats on the ocean’s surface and “rides” the
waves. To ensure the buoy stays in the same area,
a heavy weight is placed on the ocean floor, which
is connected to the buoy with a very long rope, the
“mooring line”. The rope is much longer than the
ocean depth to make sure the buoy has enough
wiggle room to move up and down on large waves, or
sideways in strong currents.
The buoy is equipped with sensitive instruments. An accelerometer measures the
vertical displacement of the buoy, keeping track of the upward movement to the
wave crest and the downward movement to the wave trough. The instruments will
also keep track of the time it takes for the buoy to move up and down to determine
the wave period. To figure out the direction of the wave, there are two horizontal
accelerometers to measure the pitch and roll to the North/South or East/West.
All these data are stored in the buoy and
transmitted via satellite to a group of
researchers who process the information to
serve it out to the end-user via the Internet.
The PacIOOS wave buoys are equipped to
measure typical wind-generated waves with
periods up to 40 seconds. In case of a tsunami,
the wave period could measure several minutes
and would not be captured by our buoys. There
are specific tsunami buoys throughout the
Pacific to detect such waves (DART buoys).

13 wave buoys are located
throughout the U.S. Pacific
Hawai‘i
Guam &
CNMI

The Pacific Islands Ocean Observing
System (PacIOOS) and the Joint Institute for
Marine and Atmospheric Research (JIMAR) are both
located at the School of Ocean and Earth Science
and Technology (SOEST) at the University of Hawai‘i
at Mānoa.

1. Wave buoys collect wave information and
transmit wave data in real-time.
3. Data are processed with the support
of programming scripts to create
wave information for the end user.
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PacIOOS and JIMAR jointly own and operate 13
wave buoys across the U.S. Pacific Islands to
provide near real-time data on wave height, wave
direction, wave period, and sea surface temperature.
Wave buoy data are important for all of us to make
well-informed and safe decisions. Commercial boat
operators, fishermen, surfers, weather forecasters,
researchers, beachgoers, and many others rely on
our accurate and timely wave data. More than 2.2
million web views per year clearly show the value
and importance of the wave buoy information for so
many users on a daily basis.
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Data streaming is made possible through long-time
partnerships with the U.S. Army Corps of Engineers,
and the Coastal Data Information Program (CDIP).
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The Pacific Islands Ocean Observing System
(PacIOOS) is one of 11 regional associations
that make up the U.S. Integrated Ocean
Observing System (IOOS). We provide Pacific
Island communities with easily accessible ocean
observation and forecasting data, to keep us safe,
support livelihoods and lifestyles, and sustain
ocean resources.
The Joint Institute for Marine and Atmospheric
Research (JIMAR) was established to pursue
the common research interests of the National
Oceanic and Atmospheric Administration
(NOAA) and the University of Hawai‘i in oceanic,
atmospheric, and geophysical research.
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