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AKSKS Core Lecture

Wind Weather & Waves

WIND:

· Winds do not come up from nowhere.  One can be reasonably prepares by paying attention to cloud formations, listening to the weather forecast and by talking to the locals.  Knowing local and regional wind patterns can help you to avoid unnecessary risk.

· Kayakers and sailors fear extreme winds.  Winds strong enough to form whitecaps and create confused seas near headlands could mean that paddlers might have to do a rough water landing through surf.

· A rapidly approaching wind, or a gusty wind could be the start of a howling 40 mile per hour multi-day nightmare.  Whitecaps are at times a sign that it is time to start thinking about getting off the water.
· When accompanied by a steady increase  of the wind, whitecaps could mean rough paddling, a nasty landing and a potential capsize.  The pros and cons of each landing site must be considered before committing to them.

· In some areas storms tend to move in slowly giving ample time to get off the water.

· Katabatic winds:  High velocity winds forming locally over icefields and high mountains with glaciers.  The air up high is cool and dry.  The air above the water-surface is usually warm, moist and has a lower pressure.  Because of this difference the cold air will rush down (with help of gravity) and it will seek to equalize the pressure between high and low grounds.  The katabatic winds can be extremely powerful and its not unusual to see these strong gusts of wind on clear, sunny days in fjord country.
· Williwaws:  Williwaws result from high winds deflected by steep land masses.  If a coastline is steep and mountainous, be prepared for extremely gusty winds near shore.  These blasts of wind can come from odd directions and swirl around you.  Often you can see and hear them coming. If landing is impossible, raft up and tuck in.
HOW MUCH WIND IS TOO MUCH?
· In protected waters a beginner is fine with 10-12 knot winds.  If there are any waves, increased skills are required and these conditions can be frightening for a novice.

· Whitecaps form in roughly ten knot winds.  They should be an indication for caution for all paddlers.  Above 15 knots, waves will start to form even in protected waters and an experienced paddler has to push hard.  Communication becomes difficult and keeping a group of 5-10 kayaks together will be challenging.

· 30 knots is bordering on impossible for even the strongest paddler. In these conditions it doesn’t matter how much you dig in, you will drift and you control will be compromised.  Add increasing wave height, some rebound and currents, and you know you are in trouble.

WINDLINES:
Often while paddling you will see a line on the water where the surface looks different from one side to the other.  That line delineates the area on the water that is being affected by the wind.  You could expect to be affected by the wind if you paddle across that windline.  How much you could be affected depends on the strength of the wind.

THE BEAUFORT WIND SCALE:
The Beaufort wind scale begins with the number 0, which corresponds to calm conditions and a wind speed of 0 m.p.h. which equates to easy paddling conditions.   The scale goes up to number 9, which corresponds to a strong gale with wind speeds of 44-51 m.p.h. and equates to extremely dangerous paddling conditions.  The Beaufort wind scale is used to convey with one simple number, the paddling conditions that can be expected. 

BAROMETRIC PRESSURE:
Keeping track of the barometric pressure is a valuable tool in forecasting the weather.

· Quick rise means good weather may not last

· Steady rise means good weather is coming and will last

· Quick drop means a storm is on the way soon

· Steady drop means bad weather is coming but not quickly

Carrying a weather radio is a good idea so that you can track the changes in barometric pressure and have a feel for what may be coming.

WAVES:
The waves that we encounter most frequently as kayakers are a product of  the wind.  The other type of wave is a Displacement Wave, or wave caused by some object displacing water such as:

1) Earthquakes and Landslides (cause tsunamis)

2) Boats

3) Calving Glaciers

Waves can also be caused by currents:

1) Water flowing over an obstruction, rock, reef, submerged ship, etc.

2) The tidal flow is often viewed as a 6 or 12 hour long wave.

3) A river entering the sea.

ANAOTMOY OF WAVES:
· Crest, the highest part

· Trough, the lowest part

· Lip, the beginning of curl from crest

· Wall, the face of a wave between the crest and the trough

· Soup, the foaming confused water created after a wave breaks

· Height: distance between the trough and the crest

· Length: distance between two crests or two troughs

· Period:  Time between one crest and the next

· Depth: distance below the surface affected by the wave

THE ORBITING PARTICLE THEORY:
Water particles move with a circular motion.  In deep water, the pattern of motion is circular, and causes swells.  As a wave enters shallower water, the pattern becomes elliptical.  This is caused by the frictional resistance or bottom drag and usually occurs when the depth becomes ½ the wave length.  As the wave goes into increasingly shallow water, the wave will begin to break when the depth is 1 and ½ times the wave height.

DIFFERENT TYPES OF WAVES AND THEIR EFFECT ON KAYAKERS:
Windblown waves are formed locally by the breeze or wind.

The size of windblown waves will depend on four factors:

1. The wind speed

2. The length of time it’s been blowing.

3. The fetch (the distance over which the wind can blow and generate waves without being interrupted).

4. The composition of the water (salty or fresh).

If any of the above factors change the height of the waves they will either increase or decrease.  A fully developed sea is usually reached after 24 hours of constant wind.

Waves are influenced by the ocean floor, the coastline, rivers, islands and the wind at all times.  Bigger waves will travel faster than smaller waves.

Waves come in sets:  Because waves travel at a speed relative to their height, they sort themselves out and end up traveling at the same speed.

Capillary waves  

These are the absolutely smallest waves you can detect on the surface.  They are the tiny ripples that indicate where the true wind is blowing from. Some folks call them “cat’s paws” and others call them “smiles” on the surface.  Once the capillary wave exists its “face” can grab the wind and add energy.  Once it becomes large enough it is propelled by gravity pushing down, and the surface tension of water causing it to rebound upwards.  It then has become a gravity wave.

Chop
Chop is smaller waves with short wavelengths.  It’s bouncy, splashes and makes paddling wet.  Both Chop and capillary waves will flatten out as soon as the wind stops.

Large ocean swells (5-15 ft/2-5 m)

· Swells are often the result of a big storm far out to sea.  They are not a problem to paddle in as long as they are uniform and the wavelength is long.

· Swells will break when they approach the shore and finding a protected landing is crucial.  Significant surf landings in cold water are usually not recommended.

· Swells can be a nasty experience if you are in the center of the storm.  In the Pacific ocean, swells of 15-20 meters are not uncommon.   In the Atlantic they are usually smaller, about 10-15 meters.

· Another challenge on smooth swells is  motion sickness.  This horrible feeling can incapacitate a paddler and put your entire group at risk.

· When swells break out to sea, you know you are in big water.

· When swells travel against strong current the height increases and paddling can be rather dangerous.  The same holds for areas where the swells are meeting a major river entering the sea.

Boomers or Sleepers

· Large, violent breaking swells along the coast.  Boomers break over deep reefs and shallow spots along the coast.  To study the charts and keep an eye open for boomers at least a nautical mile ahead is a must if you are paddling along a rocky exposed lee shore.

Standing or Peaked waves

· These waves are seen where a strong tidal current is running against normal ocean swells or local windblown waves.  The wave length is short and the wave face gets steeper causing the crest to tumble over.

· When combined with an obstruction/reef/shoal under the water, such a wave is called an overfall.   Overfalls can cause confused sea with large standing waves.

Tiderips

· Standing and breaking waves created by two currents meeting each other or when currents are constricted by a narrow passage, shallow water, or opposing wind waves.  Sometimes the currents can be so strong that eddies and whirlpools are formed.

· Rip currents are when breaking waves on shore build water up near shore, which eventually finds a channel to exist, causing strong flow of water away from shore.

WHAT HAPPENS WHEN WAVES REACH THE SHORE?

Swells will break

· As swells approach the shallow water they will “feel” the bottom and their speed will slow down.  The wave will become overtaken by waves following behind and when it gets into a depth of 1 ½ times its height (called “the critical height”), the frictional resistance caused by the bottom makes the crest topple over.

· There are three different types of breakers worth noting:

1) Spilling breakers you’ll find where the slope of the bottom is gentle.  The energy is slowly being dissipated and a landing will be more forgiving

2) Plunging breakers or “dumpers” are swells reaching a rapidly steep shore.  Air is trapped in the wave and you might see tubular waves as well.  These types of breakers are violent and can slam you into the beach hurting you or damaging your kayak.

3) Surging breakers are swells surging up on a rocky coast creating a fast forward motion and afterwards a surge back down the rock.  Being too close to rocks and reefs in big swells will leave one vulnerable and there is potential for damaging the boat.

Reflection or Rebound

· When waves come in toward a point or a rocky cliff, they rebound like a bank shot in billiards.  Energy is additive.  When two crests meet a “haystack’ or “clapotis” is formed.  A crest and trough meeting creates a flat sea for a split second.

Diffraction:
As a wave passes an island or point the part of the wave closest to the shore will slow down as its underwater part “feels” the ocean floor.  This causes it to slow down and bend or propagate around the lee side of the shore.

Currents and Waves

Currents are generally caused by tides.  As the tide flows in or out of narrow passages water is constricted and it speeds up, causing a current.  Currents are also at the mouths of rivers.  As wind or displacement waves meet currents, energy is added to the waves.  If the current opposes the wave, the wave period will become shorter and their height greater.  This is a common place to get breaking waves and thus to avoid.  If the current is with the waves the waves length will become longer and standing waves may form.

Reference Material

Dowd, John. Sea Kayaking-A Manual for Long-Distance Touring. Seattle: University of Washington Press, 1988.

Hutchison, Derek. The Complete Book of Sea Kayaking, fourth edition. The Globe Pequot Press., 1995

Washburne, Randall.  Coastal Kayaking.

Bascom, Willard.  Waves and Beaches.  Garden City, N.Y.: Anchor, 1964.

Burch, David.  Fundamentals of Kayak Navigation.  Seattle: Pacific Search Press, 1987.

Compiled by Lena Conlan, Crossing Latitudes, Inc.; Jim Leibitz and Paul Twardock

Wind Speed and Kayaking

Beaufort
Knots
Sea conditions
Sea 
Effect on Kayak

Scale
(MPH)
Observed
Heights
and Paddler


0
0
Smooth, glassy
0
Insects that followed






fly and nibble on you


1
1-3
Small ripples
3”-6”
Insects that followed



(1-3)


land and crawl on you


2
4-6
Very short waves
6”-1’
Keeps insects near 



(4-7)


shore, no bites(

3
7-10
Small waves
1’-2’
Notice it a little if



(8-12)
occasional whitecaps

paddling into the wind


4 
11-16
Longer waves,
2’-3’+
Notice the push on



(13-18
frequent whitecaps

the kayak and paddle.






Limit for beginners.


5
17-21
Moderate waves,
4’-7’+
Kayaks slowed to 2



(18-24)
mostly whitecaps,

knots or less, pushy




some spray

tailwinds demand






correction or surfing

National Weather Service issues Small Craft Advisory for winds over 21 knots.


6
22-31
Large waves, all
8’-12’+
Kayaks slowed to 1



(25-31)
whitecaps, spray

knot or less, tailwind






pushes kayak 4 knots






hard to turn kayak,






difficult rescues.






You should be ashore!


7
28-33
Steep seas, rough
13’-17’+
Almost stopped, but



(32-38)
foam from breaking

5 knot tailwind speed




waves

difficult even for






experts to control.

National Weather Service issues Gale Warning for winds over 34 knots.


8
34-40
Higher, longer waves,
14’-20’+
Progress stops, 6 



(39-46)
foam and spay from

knot tailwind kayak




wave tops everywhere

speed, rescues out.


9-12             
Academic and dangerous for kayakers.

Can I be in your will?

Wind, Waves and Weather

Weather, wind and wave information – Marine forecasts from marine band radios, AM/FM radios, telephone, harbor masters, TV, current weather charts, local expertise, tide books, binoculars, your senses.

Ten principles to remember!

1) Warm air rises; cold air sinks.

2) Warm air holds more moisture than cold air.

3) Air tends to flow from areas of high pressure to areas of low pressure.

4) Areas of high pressure are domes of colder, sinking air.

5) Areas of low pressure are columns of warm, rising air.

6) Low pressure systems rotate in a counterclockwise direction.

7) High pressure systems rotate in a clockwise direction.

8) When air compresses, it heats up.

9) When air expands, it cools.

10) Air is a fluid, like water; it tends to conform to the contours of its container and accelerates when constricted.

The greater the rate of rise or fall in the barometric pressure, the stronger the winds.  Generally, a rising barometer signals improving weather and a falling barometer signals deteriorating weather.

Wind-
Is affected by the temperature of air masses



Sea breezes – usually daytime, land heating faster.



Land breezes – usually nighttime, land cooling faster.



Katabatic winds – cooling air comes downslope.


Is affected by friction



Over land – about 66% reduction from 1500 feet to surface.



Over water – about 33% reduction = twice the wind speed over water as land.


Direction



Windward – looking toward/into the wind, the direction from which it is coming.



Leeward – looking away from the wind, the direction toward which it is blowing.

Waves

[image: image5..pict]
Waves are formed by the friction of the wind over the water surface.

· Three variables are wind speed, duration and fetch.

· If duration is over 24 hours and the fetch is over 200 miles, waves are fully developed for 

those two variables and size varies with wind speed.

Duration – time the wind has been blowing over the surface from a single direction.

Fetch – length or distance of the wind field in one direction.

Height – vertical distance from trough to crest.

Length – distance between successive crests or troughs.

Period – time interval for successive crests or troughs to pass a fixed point.

Wind Speed – speed of the air measured about 10 meters above the surface of the water.

Swell waves move away from the generating area at 15 – 20 knots and spread out about 15 degrees in the direction of the generating wind.  Swell waves decay to about ½  their height in the first 1000 miles.


Real World Sea Conditions

· Waves come in sets with some larger than others.  Watch for a while and you can figure out the pattern.

· Forces of “lift and push” are greater in the crest and lesser in the trough.  Your kayak may be affected by both areas simultaneously and you must make correction strokes.

· Breaking or collapsing waves have different forces than non-breaking waves.  They require more aggressive bracing and paddling.

Waves
Deep Water

Wave heights seldom are more than 1/7 the wave length and usually about 1/10 the wave length.  More than one set of swell waves can come through at the same time and augment and/or diminish each other.

Shallow Water

When the orbital circulation of a wave starts to meet the “bottom,” the drag or friction will slow the lower part of the wave force and reduce the wave length.  The wave shape becomes steeper and higher as the water depth lessons.

· Surging breaker – over steeply sloped bottom, does not break.

· Spilling breaker – unstable top spills over the front of the wave, waveform continues, but height/energy is gradually lost.

· Plunging breaker – crest curls over front more, breaks more abruptly.

Waves can:
· Reflect (additive energy)

· Refract around points, islands

· Along beaches

· Into bays

Waveform can be affected by:
· Local winds

· Tides

· Rivers

· Shore topography

· Bottom topography

Waves generally come in sets with larger and smaller waves in each set.

Fresh water waves follow the same laws of physics with small variations due to different water density.  You can treat them the same for all practical paddling.  You seldom encounter swell waves except on very big lakes.

Waves from mechanical disturbance follow the same laws of physics as wind-generated waves.

· Boat wakes

· Avalanches and landslides

· Calving glaciers

· Rolling, breaking ice bergs

· Earthquakes

Weather
When evaluating your wind and wave conditions, take into consideration all weather conditions that may affect them.

· Temperature

· Humidity

· Precipitation

· Barometric Pressure

· Cloud cover and movement

· Local patterns

· Frontal systems present

· Forecast changes

(1-3)1.1.1.1.1.1.1. land and crawl on you

AKSKS • 200 W. 34th Ave. Suite 557, Anchorage Alaska 99503 • (907) 275-PADL (7235) • info@aksks.org





On the Internet: www.aksks.org
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