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Waves and wave energy

 Winds

 Tides
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Tillotson and Komar, 1997
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Photo Courtesy of Julie Hendricks
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Which is stronger, swash or backwash?
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Summer
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Waves and wave energy

 Winds

 Tides
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Bayocean
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http://www.esrl.noaa.gov/psd/people/klaus.wolter/MEI/index.html
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Allan and Komar, 2002, 2006

55



Peterson et al. 1990
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Waves and wave energy

 Winds

 Tides
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Websites:

http://pdxhistory.com/
http://www.esrl.noaa.gov/psd/people/klaus.wolter/MEI/index.html
www.oregongeology.com/sub/nanoosl/index.htm
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CMNP July 2010 2 waves and wave energy

Slides:


3. Wind causes waves. Fetch =length of water over which a given wind has blown


5. Focus on Significant Wave Height for the next few slides.  Sign. Wave Height = the average wave height (trough to crest) of the one-third largest waves.

6.  Most waves 1-1.5m high, but few observations with high wave height.  Low probability of really large wave heights

(See Tillostson and Komar (1997) for more information on the wave climate of NW Pacific)

7.  Most waves 1-2m, every 1-7 seconds, long tail = sneaker waves larger than others


8. Largest waves in mid-October to  mid-March.  Seasonal wave height, increase winter decrease summer

9.  Maximum might be what need to watch out for, a determining factor.  Winter monthly max ~10m, 


11. Waves increase b/c wind increases


12. Average Direction and Velocity of Monthly Winds.  Southerly winds October-April and Northerly winds from May-Sept.  Affect upwelling (caused by northerly winds) and downwelling (caused by southerly winds) regime.


13. Direction of prevailing wind affects wave direction. When then wave from south (in winter) move sand northward.  In summer wind and waves from N move sand southward, so no net movement of sand over time.


15. Constructive waves have long wavelength relative to height, strong swash, weak backwash along a shallow wave gradient.  Destructive waves have shorter wavelengths relative to height, weak swash, strong backwash, and a steep wave gradient.


Winter = destructive waves, erosion of south end of littoral cells, lose 1-2m of sand in winter


Summer = constructive waves, northward and onshore, gain sand

16.  Average Direction and Velocity of Monthly Winds.  Southerly winds October-April and Northerly winds from May-Sept.  Affect upwelling (caused by northerly winds) and downwelling (caused by southerly winds) regime.

(see Peterson et al. 2010 Holocene dune fields of west Coast U.S.)


17. Southerly winds (from the south) = downwelling and northward movement of sand eroded from south end of littoral cells.


18.  Northerly winds (from the north) = upwelling, southward and onshore movement of sand


20.  Estuary hydraulic factor is a quantity correlated with the importance of tidal flow relative to river flow.  The higher the hydraulic factor, the less important river flow is in moving sediment, and the greater likelihood the estuary is a net importer of beach sand.  Rivers to the left of around 10 are net exporters of sand to the ocean, rivers greater than 10 are net traps of sand.

The y-axis is the calculated amount of sand input to river system per year.  NOTE: this is log scale, the range here is 1000x.  Columbia has an enormous sediment load, and is a net exporter (moderate) but its high load makes this moderate export high in absolute terms.

Only the Rogue and Klamath estuaries (outside the Columbia) are predicted to contribute much sand to the beach (these are on the left and high).

21. Sediment movement and deposited in bays


23. Gain and loss of sand, Port Orford lost 17 m and Tillamook gained 25m.


24. Storms cause movements of 100m back and forth


25. Tillamook Bay and BayOcean Spit, a resort town than washed away.


26. Bay Ocean community washed away 1914-1917


28.  BayOcean washed away 1914-1917


Sand movement to south stopped (in summer) and stuck on jetty


During winter spit eroded to north, then into the bay


Spit got narrower and narrower

29.  BayOcean washed away 1914-1917


Sand movement to south stopped (in summer) and stuck on jetty


During winter spit eroded to north, then into the bay


Spit got narrower and narrower

30.  Tillamook Bay. BayOcean washed away 1914-1917


Sand movement to south stopped (in summer) and stuck on jetty


During winter spit eroded to north, then into the bay


Spit got narrower and narrower

31. All washed away 1914-1917


32-52.  BayOcean images of community/resort washed away between 1914-1917.


53. Columbia River Delta formation 1868-1999.  Growing.  Sand accumulates by Clatsop Spit b/c of jetty.


54.  During El Nino, sea level rise = lots of sand mvmt., 20-30m sea level rise = more erosion


El Niño/Southern Oscillation (ENSO) is the most important coupled ocean-atmosphere phenomenon to cause global climate variability on interannual time scales. Here we attempt to monitor ENSO by basing the Multivariate ENSO Index (MEI) on the six main observed variables over the tropical Pacific. These six variables are: sea-level pressure (P), zonal (U) and meridional (V) components of the surface wind, sea surface temperature (S), surface air temperature (A), and total cloudiness fraction of the sky (C).

55.  Sea Level Elevation from average years 1967-2002 and from two El Nino periods, 1982-83 and 1997-98.  Sea Level rise with El Nino years – more erosion

(see Allan and Komar 2006 for more information on climate control in the US West coast erosion)


56.  During El Nino, storm trajectory dips to South (it’s usually from the North), now from South


57.  Note large storm winter waves from the SW cause “hot spot erosion” during an El Nino Year compared to normal year.  Now get net movmt. Of sand during El Nino Years.

58. 1997-2002, 10-20m sand loss – narrowed  330,000 dump trucks of sand LOST from beaches during El Nino

60.  Note huge difference in storm wave heights and runup. Total shoreline change much greater in El Nino w/ a storm

