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BACKGROUND

Since 1990 a significant number of TCs
have moved through eastern Canadian waters, 
accompanied by extreme waves (HSIG 13-17 m 
and/or HMAX 25-30 m) generated by a dynamic 
(“trapped”) fetch (Bowyer & MacAfee)

1995 – Interest in trapped-fetch waves spawned
2000 – Basic theory & model developed
2003 – Theory & model significantly refined
2004 – Papers submitted to WAF (awaiting 2nd review)
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“Fetch Reduction”
always occurs in
Quadrants 1-2-3
. . . as long as the
cyclone is moving

Which fetch generates the 
smallest waves?
Which fetch generates the 
smallest waves?
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“Fetch Enhancement”
may occur in
Quadrant 4

. . . depending on the
speed of the cyclone



Waves Moving in Waves Moving in 
Same DirectionSame Direction
as Their Stormas Their Storm

Potential for Potential for 
ResonanceResonance
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Fetches moving withFetches moving with
constant speedconstant speed



All of theAll of the
waves quicklywaves quickly
outrun the slowoutrun the slow--
moving stormmoving storm
systemsystem

The steadyThe steady--statestate
solution issolution is
reached inreached in
7+ hours.7+ hours.



Most of theMost of the
waves stillwaves still
outrun theoutrun the
slower movingslower moving
storm systemstorm system

The steadyThe steady--statestate
solution issolution is
reached inreached in
10+ hours.10+ hours.



Waves leavingWaves leaving
the trailing edgethe trailing edge
of the fetch areof the fetch are
outrun by theoutrun by the
wind system . . .wind system . . .
however, allhowever, all
others move outothers move out
ahead.ahead.

The steadyThe steady--statestate
solution issolution is
reached inreached in
17+ hours.17+ hours.



Most waves areMost waves are
soon outrun by thesoon outrun by the
initially quicker initially quicker 
moving wind moving wind 
system . . .system . . .
however, waveshowever, waves
starting at thestarting at the
leading edge “hold leading edge “hold 
on long enough” on long enough” 
until their speeduntil their speed
catches up to thecatches up to the
system speed . . .system speed . . .
and eventuallyand eventually
outruns the system.outruns the system.

Steady state isSteady state is
reached in 30 hrs.reached in 30 hrs.



All waves areAll waves are
quickly outrunquickly outrun
by the muchby the much
quicker windquicker wind
system . . . andsystem . . . and
growth is verygrowth is very
limited.limited.

The steadyThe steady--statestate
solution issolution is
reached in reached in 
under 5 hours.under 5 hours.



Maximum waveMaximum wave
growth occursgrowth occurs
for a constantfor a constant
system speed of system speed of 
20.7 knots.  All20.7 knots.  All
speeds greaterspeeds greater
or less than thisor less than this
will result inwill result in
lower wavelower wave
heights.heights.

The steadyThe steady--statestate
solution is notsolution is not
reached untilreached until
34 hours.34 hours.



Even for speedsEven for speeds
only slightlyonly slightly
greater, theregreater, there
is a significantis a significant
difference indifference in
the resonancethe resonance
of the stormof the storm--
waves system.waves system.
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Maximum Possible Significant Wave HeightsMaximum Possible Significant Wave Heights
3535--knot windsknot winds
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Maximum Possible Significant Wave HeightsMaximum Possible Significant Wave Heights
6565--knot windsknot winds



Maximum Possible Significant Wave HeightsMaximum Possible Significant Wave Heights
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Maximum Possible Significant Wave HeightsMaximum Possible Significant Wave Heights
9595--knot windsknot winds

Observation
The smaller the fetch, the greater the enhancement
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Wind Speed vs Storm Speed for Maximum Fetch Enhancement
50 nm Fetch Area

y = -0.001x2 + 0.3131x + 3.65

R2 = 0.9986
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Fetch Enhancements
Wind Speed vs .  System Speed for  250  nmi  Fetch  Length
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Observation
Optimum fetch-enhancement is more 
probable for high wind / small fetch 
events than low wind / high fetch 
events . . . because the required 
durations are on the order of 1-day  
(ie: these events can actually occur) 



Conclusion 1Conclusion 1
SubSub--synoptic scale storm systems, like  synoptic scale storm systems, like  
tropical cyclones and polar lows, have tropical cyclones and polar lows, have 
the greatest potential for optimum the greatest potential for optimum 
resonanceresonance



0

5

10

15

20

25

30

35

40

45

50

20 30 40 50 60 70 80 90 100 110 120 130 140 150

Wind Speed (kt / m s -1)

V
C

R
IT
 (k

t)

  10                20                30               40               50               60               70

25

15

20

10

 5

 0

m s-1

250 Fetch

150 Fetch

50 Fetch

Average speed of TCs
north of 40°N

Average speed of TCs
south of 30°N

Observation
Fetch enhancement for TS or Hurricanes is greater in mid latitudFetch enhancement for TS or Hurricanes is greater in mid latitudes than es than 
in the tropics.in the tropics.



As tropical cyclones undergo As tropical cyclones undergo 
extratropical transition (ET),extratropical transition (ET),

they are typically increasing in speedthey are typically increasing in speed
under the influence of aunder the influence of a

midmid--latitude stream.latitude stream.

The seas associated with theseThe seas associated with these
systems (and even minimal hurricanessystems (and even minimal hurricanes
that move “quickly”) can be greaterthat move “quickly”) can be greater

than those associated withthan those associated with
major hurricanes.major hurricanes.



Conclusion 2Conclusion 2

Very high waves with Very high waves with TCsTCs should be should be 
expected in mid latitudes as these systems expected in mid latitudes as these systems 
become ETbecome ET



Example: Three 50-kt tropical storms 
identical in all ways except translation 
speed

Example: Three 50-kt tropical storms 
identical in all ways except translation 
speed

30kt 15kt 10kt



Maximum Hsig
generated is 5.3 m 
Maximum Hsig
generated is 5.3 m 



Maximum Hsig
generated is 9.1 m 
Maximum Hsig
generated is 9.1 m 



Maximum Hsig
generated is 6.3 m 
Maximum Hsig
generated is 6.3 m 



Storm speed is very importantStorm speed is very important

5.3m 9.1m 6.3m

30kt 15kt 10kt



Accelerating FetchesAccelerating Fetches

If the storm system accelerates with a speedIf the storm system accelerates with a speed
matching that of the waves it generates, thematching that of the waves it generates, the
conditions for conditions for perfectperfect resonance exists andresonance exists and
wave growth is more easily maximized.wave growth is more easily maximized.
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Storms moving in a straight line,Storms moving in a straight line,
at the optimum speed,at the optimum speed,

can result in the potential forcan result in the potential for
phenomenally large waves tophenomenally large waves to

developdevelop



The WorstThe Worst--Case Scenario isCase Scenario is
a storm centre . . . a storm centre . . . 

-- moving in a straight line, moving in a straight line, 
-- covering a large distance over open ocean, covering a large distance over open ocean, 
-- increasing in speed, continually matching theincreasing in speed, continually matching the
speed of the waves that corresponds closely speed of the waves that corresponds closely 
with the peak in the energy spectrumwith the peak in the energy spectrum



The Pattern . . . The Pattern . . . 

-- area of maximum waves to the right ofarea of maximum waves to the right of
tracktrack

-- very tight gradient in the wave field atvery tight gradient in the wave field at
the leading edge . . . as the trappedthe leading edge . . . as the trapped--fetchfetch
arrives, it brings with it a “wall of water”arrives, it brings with it a “wall of water”
(little or no forerunners to warn of storm)(little or no forerunners to warn of storm)

-- waves can subside rather quickly in thewaves can subside rather quickly in the
wake of these storms, however, thewake of these storms, however, the
trailing gradient is usually much weakertrailing gradient is usually much weaker


