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Na Hopena A‘o & NGSS Standards 

Six Outcomes rooted in Hawaii containing values universal to 

all cultures. 

• Strengthen sense of Belonging, Responsibility, 

Excellence, Aloha, Total Well-Being, Hawai’i 

NGSS Cross Cutting Standards 

• Cause & Effect : Mechanism and Prediction 

• Scale, Proportion and Quantity 

• Earth and Life Science Core ideas 

 



Connection to Place & Culture: 

ʻŌlelo Noʻeau 

Na ʻale ʻāpiʻipiʻi o na kai ʻewalu  

Waves in the channels of the “eight seas” 

between the Hawaiian Islands. 

Kāpeku ka leo o ke kai, o hoʻoilo ka malama  

When the voice of the sea is harsh, the 

winter months have come. 



Surfboard History 

Surfers (he‘e nalu) use  

different boards  

Paipo  

Alaia  

Olo  

Image Provided by http://www.deepcraft.org/deep/wp-

content/uploads/2010/02/surfboard.jpg 



Wave Development 

Wind Gourd of Laʻamaomao  

known as Ka Ipu Makani o 

La‘amaomao 

Legend: winds are released to 

cause high surf 

which swamps the boats of 

family enemies 

 restoring rank & honor to son 

Pakaʻa 

  



Wave Development 

Factors controlling the size of 

wind waves 

Wind Strength 

Wind Duration 

Wind Fetch 

Air Sea Temperature 

Difference 

Ocean Depth  
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Wave Development 

Swell Graphics showing a fetch towards Hawaii 



Schematic showing a wind fetch and the development of wind wave, seas, and swell. 
Fetch is the distance over which the wind blows without changing direction 

  

Wave Development 



Wave Anatomy 

Crest ( Hokua, ‘ale) 

Trough 

(Honua) 
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Ocean Waves 
Terminology 

Wavelength - L is the horizontal 

distance from crest to crest. 

Wave height - the vertical 

distance from crest to trough.  

Wave period - T is the time 

between one crest and the next 

crest.  

Wave frequency - the number of 

crests passing by a certain point 

in a certain amount of time. 

Wave speed - C is the rate of 

movement of the wave.      

C = L/T  



Wave Life Cycle & Decay 
Dispersion: sorting of waves 

by wave length 

Group Velocity: speed of the 

swell (1/2 wave speed) 

Angular Spreading: waves 

spreading from a the source 

Dissipation: the decrease in 

wave energy as is travels 

through the ocean 
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Wave Anatomy 

Schematic diagram shows how circular motion of 
water elements decays with depth.  

  



Swell and Wave Lifecycle 
 

 

Two things happen to large swell waves when they near shore: 

          

Shoaling: As waves move into shallow water they slow and become steeper 

as they increasingly feel the bottom, until finally the top of the wave pitches 

forward and the wave breaks.                                                              

Refraction: As waves move into shallower water, they slow down and thus 

turn toward the shore. 



Wave Refraction and Shoaling 

•  Waves “feel the bottom” at depth < 1/2 wavelength – causes refraction 

• Wave speed and length decrease with depth 

• But period and energy remain same =  wave height  increases 

•  Waves break when the ratio of height/wavelength ≥ 1/7 



Shoaling Results in Refraction 
Waves diverge in bays (lower energy) and converge on 

Headlands (higher energy) 



Rip Currents, Aumiki 

Example of rip current along shore. Green area in center indicates jet of strong 

current. 

  



Wave Climatology 

Temperature and Pressure gradient 
from poles to tropics much larger in 
winter hemisphere = Bigger waves! 
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Wave Climatology 

  

Figure by: Kelly Lance from data provided by Pat Caldwell. 



Distribution of Hawaii Swells 

Larger 

waves on 

the North 

facing 

shores 

compared 

to the south 

shores 



Waves are Scale Invariant 

Breaking waves are scale invariant; its difficult to tell how 

large they are without a surfer for scale. 
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Lifeguard Observations: Wave Height 

Hawaii surf scale is roughly equal to 50% of the wave face. Photo 

shows 10 ft (3 m) wave Hawaii scale. 



Ka'ena Point 

Western tip of O‘ahu 

59 acre nature reserve 

In ancient times a leina a 
ka‘uhane, the leaping place of 
souls 

Home to nesting seabirds, 
monk seals, and other native 
coastal species 

Roughly 2,000 sea birds call 
Ka’ena Point Home 
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Surf Forecast Ka‘ena Pt 
National Weather Forecast for 11/11/17 

Significant Wave Height: 5 feet  

Dominant Period: 13 seconds  

Direction: North /North East 

http://www.prh.noaa.gov/hnl/ 
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Travel Open 
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Shoreline Waves Break 
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