
TIre, Upéráld.Dow,ns of thé,.Seas
foUaylsSci iSlslre,âìzelha! thg 4i¡ land a¡d sea co¡slen!)r eÍr:hange
material and energy. This is significant because wind can pick
gp qry,Sãharàdesert so'il a¡d¡drgp,ir:ìn thè,Cqiibbean l

Sêai,õharlg¡¡gllhé u¡dénivaJer eq¡r¡fõnmênt. The
dynamics of these energy interactions cause
Watel:Ìo: mov. ç,¡n mirny-wgy9 ové¡ th.er'. ; :

earth's surface, causing erosion, moving
soíl and affecting human activities.
r A'primáry cauée of watèr
mol¡on ¡s w¡nd energy, which

triiúisf ers tô-the,wâtêi âs it
blows,âÒross.its.sùrfacé.'Th is

results in .two, piimary. tl¡Þés

.9f .ûalqr mot¡on: ôurienls 
. .

and'waves, both. oJ. whic¡
c'ãn. result from forces .. ..

othèrihan ri¡ind âs well:,'

SURFACE CURRENTS

Whèn $rinds.blolv ovei '
large âreas with iqasonable

çonsistency of diiection .and

stiength, signif icant VolUmês

of .waier move horizontally
acioésrthe.oceans. ln the

Polar,Cell

Polar High

Ferrel Cell

P¡iar

norther¡i Hemlsphère, lhg lrade
winds (near lal¡túdé lSlN) blow from

--

Horse Lalitrides

I

northeast to southwest;. the.weslerlies:.: _..,.., Þlorse. Latitudes
in the m¡dlatitudes blow primarily from the

Easterlies

,,rì:lvi

{ l<

Hadléy Cell ------i.'

áå:'*"
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Globãlwìndþâttèrnsare .

divided ìnio.sìx régjonÈ.(thr€e
i'r éâóh .hemisÞhéfe), cãlléd-
atmosþhet¡ c citèutâi¡ ôn cell s.
These atrnospheric circulation
cells produce the trade winds,
lhê wê$erlies, aniíihé.polêr
easterlies in bòth.heiriísÞhères

FtadleVGell #¡

PolarHigh
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The energy frõm these w¡nd systéms

drives the major surface ooean currents.
Sóme of these currents ttansport more than
100 t¡mes the volume,of .water carried by
all.oi the earth's riveiS.ôor.irbined. As with
a wind-driven wave, surface current speed

. diminishes rapidly. wilh depth, becoriìing
neoligible at deÞthq ar.ound 190 metres/600
fèeL

The earth's rotation also affects the
maior ocean currents. This is termed the

EnôyÕlopédia of Recrêationai Diving

Cor¡olis effêct, and explains why objects in

lhe noñhern hemisphere deflecl.to the right

of lhe direction of the force aclii]g...on them
(in this case, the wind is the force and the
object ìs the Water's surface). The opposite
is true in the. southern hemisphere.,There,
obiects dêflect,lo the lêft of the direôtion of
force. The iesult iS lhat wãtèr. tends to pile

up in the mìddle of the ocean basins as
lhe maior ocêan curehts travel elông fheir
edges accordiig to the Córiolis-êffêet. Thesè

Coiìolis Effect

fhé Ocean Planel



c¡rcular úaler movement patterñs aié çalfêd WAVES
gyres and play.m4or ictlés in globâl heát and
marine life dislribúiion.

Cunenté ocóur in oceans, but also in large

lakes, seas and éven smaller water bodies
to some elitent. However, the smaller the
water body, the stronger the w¡nd must be to
dévêlop a currerllai q:given slrength because
thére's less surface ar'ea across whìôh to

:så

transf er,energy, Howev-er, many
. làfgg.lakes have súfficieiìt

areã io. geneiâte sigRifieant
cunents:(and waves).

Encyclopedia of Recreational.Diving

Waves ránge in sizé frorn a fraction oT an inch
for smáll; súrface capillary wáies to toweiing
storm Waves more than 30 riìetres/l00 feet
high. They are more complex lhan they
appear.

A waye is thê transmission of .energy
,through matter. When ehe.rgy moves through
rnatter.as.à wâve, the n¡attéi.moúês baek
and forth or rotates, but then it returns to
itq.original.position. lt tiâñsmits thê energy
to adjace.Rt matter, allowing the energy to

[¡ajor ocean gyres. The Coriolìs effect
causes the maÌor currenis to deTleclto
the r¡ght jn the northern hemisphere and
to the left ìn the southern hemìsphere.
ln Ìhis way, the Coriolìs effect creates
circular airflow and òùrrent patlerns,
including the major ocean gyres.

The Ocean Planel



conÏinuq,iF,ìor.irì9tanc9,, i4agiñe dropp¡ngã,,
s.tone.in:ã,poi:ìd; Waveslripþle:away,:from:¡þe.,
sÞlasfi. Thé:.waier.r.ddesä!! móve awây;dily
tlle ene@,..,,:, ; ;', ..'.:.t': ,,,.,,.':.;,.::,.,t;,,,. ,,.,;,.':, ;:;

"' 

Âs ve gr,!!iicþ:th.e,!¡Èpl¡ng¡ :yo!¡'óán !ee- the
energy move as a series of waves away trom
the disturbance as a progrcssive wave. ll's
called a progressive wave because you can
see the eneigy. progress fiom one,pqiritto
ánother; Trhêi.e.aiê threê typés óf :piogiêSsìúe

wave . lonúitudinal, Ìiansveise and oi.bital.
A longitudinal wave occurs when the

matter,moves back and forlhiin the same
diiection fiat:the.erieigy travels. This type of
wave can moúê through ãll siaies of matter,
transmittedlhróugh:the compression and
decompression of parlicles, much like a
spring. Soúrid is a lorìgitudiñalìivãve

.When transierse l,.Íaies occur'¡n rnatter,
thê motioñ óf.,the matter is pérpèriilìcularto
the direòtìón'ín which lhe wãve as ã n hóle is

movinQ. For.èxámþÍe, when you Shake -one
end of a láut; horizõntál ioþe up and down,
the rope moves vértically, bút the wave tiavels
horizontâlly along the length of the rope.

Orbitál .waves only trânsmìl through fluids.

With respect to lhe.ocean, these are primarily

the waves that concein us. They occur when
the energy moves.the fluid in a iirculár rnotion
as it pâsses: lmagine a floating buoy. As the
wave appioachês, the,buoy moves forward
o¡ Ìhe wavè faee.. lt,tisês, .góès, 9yer the .cresl,

ând él¡iles baekward.down lhe,reat of the
wav€, '

Eircyclopedia.of Êecreational Diving

Ofbital wave motion. As the wave approachês,
'the buov moves forward on the wave face. lt
rises, goes over the creêt, and slides.backward
down [he rear of the.wãve. lndividuãl pãrticles
oi water move in circuÌár.patterns (shôwn by
curved arrow) as the waves energy movês
throullh the water.

The Ocean Planet



,AlthôU.gh,the:,Wãtèi' lÍlu.id):travels.thþugh :

orbital motion, il returns to its original place.
Oñly llig e¡ergy:r¡9Ves o¡: Lookiagralth_q
,brloy.,iiì:tlìê illustrà'tion;.it,l6q¡¡s'¡¡¡6 ihè orbitatl
motion occurs only in a single plane. Actually,
the orbilal moliôiî'..Conlinues in þrogièSsively .

smaller orb¡ls down to a depth of about
half .,th'e waverS : waye I é n gth :- lne :ho tizonlal
djslanóe betr4reen the identical þoint on twó
waves, such ãs crest to crést,

You can expi.êês:Wave characteristics
mathematically_. This is.us¡tul bècaûse it
allows you to calculate wavê behaviors based
gn thê infôrmation.you .have. H:L is the ratìo
ctf the wave heighi to wavelength.,lf you
know the wavelenglh (L: depth ¡n metres)

a¡d the p€rigd{T:ftn.e in seeonds),,1yorr oarì.:'.

determ¡ne the speed (S: speed in metres per
seggnd) orideåi.'ieàpwatéì, ves, l;e. waves
in water deep enough that the bottom doesn't
affect them (more abouÌ these shortly).

Th¡s resulls in the formula:

,.1 ' .spss¿.: çÌryelenglh + period I

or

S=L+T
However, keep in mind that this equation,

while uséful, doesn't accounl.for õther{actciis
thât ìnfluence deeÞwatét wave speed, nor
.th.e qpeed of a wave whenrif reaches shallow
water-

:#$
Er'cyclopedia of FìécÌêational Diving

Neglig¡ble Water Movement Below l/2 Wavelength

Major wave components aod orbitaì paltern- The
wavelength is lhe hotizontal d¡stance beìwéen the
identicál points on two waves-in this ìllustratìon
the horilontal distance from A to B. The cres¿ is the
highest wave point above the average water.level.
The trougf¡ is the lowest point, and the he,gh¡ ìs ìhe
vertìcal measuîement from the trough to the crest.
Period islhe 1Ìmé ìl takes fo.the same spot on two
waves To pass a sìngle point, while /.equencyis
Ìhe number.of waves thal pass a Jixed po¡nt in one
second. Nole lhe orbital wave panern tapering
in intensìty down fo a depth equalto one half the
wavelength-

The Ocean Planet



WâyêrCâuS.é,s..ãitd r CháÌåqteristies.. Letlé ..:r : l

Iook at what causes waves and how they
behave in the real world. DisturbÌng forces
cause waves and restor¡ng torêes resist them.
The intensity and duration of a disturbing
toi'.ce 4nd ihe jnteractio¡;,6¡,¡.e51.¡r1i¡e foróés
give waves their characteristics.

F.luiqs.'tó:femainatrrésttontthe,earlh, :

Theyronl!¡,rn¡ii¡e.when sonrethinljrimparts, .,

energy to them - disiurbs'thêm::DistuÍbing
forces tha't qause ocean waves jRç]ude wind;
changes in grav¡ty, and seismic activ¡ty. Wind
is lhe. mostcommon disturbing for.cê through
.the friction of aiÍ passing ovef lhe-water's
surface. Changes in grav¡ty cause a wave you
probablydo.ntt:lhink of as,a wavé:-,the tidés, .

These have char.acteristics ihat diètinguish .

them signìficantly from whal we normally think
of as úãves, 'so we'll look at them seþaratèly.
Seismic activ¡ty includes earthquakes
and volcanic eruptions, which cán cause
tsunamis.

Each kind.óf distuÍbing foice tènds to
produce wavê_s with diétinct ûavelengths.
Wind commonly creales wavelêngths of
aboùt60.to 150'metres/200 to 500 feet. The
wavelength oJthe tides is about the size
of the ocean basins, and tsunamis have
wavelengths of: about 2Ó0 kilometres/120
niiles.

G¡avity:i5 +¡B 6ain -restoiing fofce for
large ¡vavés and seìsrnic waves. lt tends to .

f latten Ì\raves: by puíling wate¡ þaék to.ièvel.
Graviry and the Coriolis effect aré.the primary

rA_aþrill g lorces, tor th9: t¡dÌtl,þeeaqse.:thejt'.
wavelenglhs are so long. Surface lension
is an jmp-or:tant,iþs'ûr¡ng:tøce,f ór.,thè:tini'est 

:

w av eéj¡d,led' cla¡2il I ary wã:Ve a ì,wf ä,¡t!i th?i\¡ é"
w-aûèleñ gthsrot. qb-out l,;7, oéhtirnètlè sÌ O :7,. l, : :

inches or less. Surface tension is caused by
the strongly polar nature of bonds ¡n water,
which resists surface disturbances. You'll
learn more abciul éuñâce tènsion:n'enapt"r
FO.íJ1, . .. . ,, , ..:

You can claçsify waves based on which'

Iegtoi,ing fgreg thas the,most effect. qqp¡lialy
waves are classified as such because the
primary force countering them is surface
lensio¡. Capillary waúes rãre the first to-
form as wind blows across sl¡ll water. As
waves grow larger, however, surface tension
becomes relatively ¡nsÍgn¡ficant as a primary

restoring force. Gravity - the weight of the
wave -:tàkes or¡ei so- we call large ìir/.aves

Qr:ivity waves. For þrácticãl purposes,'rnost

of the waves that concern us while diving are
grav¡ty waves.

Although disturbing Jorces can be
somewhat random i¡ lheir intensity, duraüon,

and place of origin, wáves tend to.ôrgariize
themselves into Þattéms. Waves thát arè

nol.óo orgànized travèl at differenispeeds.
The longest wavès.outrun the smãllei oires-

Eyentuaily.only wâVes of sìmilar.wavélè¡gthé
are left'traveling rtogether. They are.celled- .

swe4 which is simply the rise and fall of a
uniform wave pattem on the sea.

'Groups of. svyells wiih sirnilar

Encyclopèdia of .Bêcieational D¡v¡úg The Oaeân Planet



\ryãvè
,Tyjú:

Windlùâve {capillary) ... :Lesérthái1,,í,.73róent¡nietres

Wi¡d.ü/ave,(gravity) -,.'...Up,fó.150rmê1res .:.: . : . -,. :. .: ,

. ,.S9'ism¡c wáVe : . . :,20Ó kìlôinetres . ..r

Tde Up to 17,000 kilometres

Wevele¡litb9€[dr.9ístuibiñ0:F. erûes:,.of , lm-Èôtânt,qcean Wâúès

Wavelenglhs and disturbing loices oJ important.oceai wãves

. 'chalâctêiìstics tend lo :av€l together in

'wave trainis, the J¡rst wave.¡à:ihe train
gradually loses energy, which is picked up

b. y new waves forming ¡n the trailirig portion

of the train. As the leading waves dissipate,
the trailing waves form and join the tra¡n.

The éntìre train moves at'half thé speéd of
individual wãves rthróugh thìé process of
dissipa,tion and rêfoirnat¡órì: When thé wavê , . .

train reaches shallow water, the individual

and group speeds become the same. Th¡s is

because depth affects wave characteristics,
Ieading to the concepts of deepwater waves

and s hal tow-watêr.wàves.

Deepwater waves occuijn Watêr.thal is

deeper thán half their wavêieñgth,.Water
molion in orbital waves decreases very
quickly with depth. lf the water is deeper
than half the wavelength, then no interact¡on

with the bottom can affect the
wave character¡stics. A fish

.'.-¡f. å . sw¡mmìno at 20 metres/66
iù! t feet woulãn't notice effectst D-' t./

Encyclopedìa ol FecréatÌór'al.Diving

',.Ptiûiary
9.lancâro'

W_avèlêúgth

.lPrilli?Ill ',

D¡Stûrbing
,..]Féicé. ..'

,. .Wind . . ..rì'SurfacelènSiim: ,.,

Wind Grav¡ty

Seismic activj!7 , ,.. 

, ,., . GrAvitvr', .

Sun and moon Grav¡ty and Coriolis effect

fiem.a wave paSsing rovgrhead if the'. ,.."'r '

wavelength is 40 metres/130 feet or less.
Because the bottom doesn't aifect deepwater
waves, their orbìtal motion progtesses

RêstOÌ¡¡ù
: : Fói.óé':

unâffécted. ..:

\¡úhen the watér ìs 6hailower than óné-
foúrth the waveìéngth;.the bottom ciêatêS
drag that afiects the orbital motion. This tends
tô flattòn the c¡rcúlai mòtiòn into an élliþsé.
When the depth is about one-twentieth of the
wavelength, the wave be.Qornes á.shãllow-. .. .

water wávè. ln depths betìwéén oÍle-half and
one-twentieth the wavelength, waves are
tfânsitionã|, progressiiìg.from deepwater to
shallow-water chaiactér¡stiôs.

Deepwater and shallow-wãter wavés can

èxìsi €it lhê sârne iime, Agooil examþle is'the
g¡ant wave created by the tides. By definition,

this is always a shallow-water wave becáuse
the wavelength is about fhe size of ¡ts ocean

basin. For a t¡de to be a deepwater wave,
the ocean would have to be deeper than

the diameler of the earth! The wind creates

The Ocean Planet



vv_av..e'9;.,!vhiqh,c¿iqr.b- e dèe.pwâtetf,wavêsron. .:.tr:

top,otìhà,tüés.'.''.,'ìpilf âti¡.yq/.eq.arg. af ¡69-L,'
4wêys deepwÌitér..,wavesrbèoAqse the walef r.

onLy,needs To r.béìo,9,,ç.entimêteis/o.35 ìnches..,

deep.
As p..rglio.u-9ly: rñention 

_e. {;.win d wqves . 
l

g|ow due.to,friclion with.theràir..tiañsferring .

energy to the water. As a wave grows, it
presents a larger surface area to the w¡nd,

àllowirig rnore enêrgy.tortiáñSfei The three
fâctors thât affèctthe growth,óf'a wind wave .

aré wind spegdì,Wind dur'atian, and fe.fcá.

Wind speed is ¡mportant because the wind
iîust bdblowing faster thán the wave.to give
it energ¡ Wind iluration is lhê length of time
the wind blows in'a singlê diièctìctn. Even a
high-speed wìnd.won't cause.lárge waúes
when the,dur¿rt¡on ìSshort or'therdirection
makes frequent s¡gnificant changes. Fefch is

the surfaóe.aréá.over which the wìnd blows. A
small pond will never have huge waves, even
with a high,speed wind blowing forrhours,
because there's not enough surface area to
transfèr the,.requiied energy.to form a big
wave. .

The comb¡naiion of these.three faôtors
yields a maximum theoretical wave size.
Above this theoret¡cal maxìmum, the
disturbing foÍcés and restorin0 forces
counteÌbalánce So wavês ca¡'tgrow any
Iarger. Whên an area.haé rèaôhéd.the

maximum sìze, it is called a fulty devetoped
sea. With w¡nd speed, duration, and fetch
all act¡ng as independent var¡ables, a fully

develòped, sea; r-i! n gcéÈ!,.q¡ lyì a,lq¡ge çea,' :

Average wave he¡ghts for fully developed
seas range from about a quarter of a metre
(almost a foot) to about 15 metres/so feet.

As in lhe example of the small pond, these
three factors :alSo iñfl uenee..tþelatgeétrùAví5.
lhat an ocean can have. Remember that an
ocean often has large, unobstructed stretches
of watEr.qver. whioh'wind Titavés .can déVelop,r,,

Perhaps surprisingly, at times a wave can
be larger than the max;mum theoretical size
forêJutly develoÞêd.séá;'Sciénlìsts believe
such a rogue waye results from the interaction
of two closely related wave trains. When
wave,tÍ.aìris come tggelher.-from d¡ffèrerit
qreqs,.!þe.y affect eqch.ot¡.gr ¡n the fonn
ol co n stru cti ve or d e st r u a.t¡ ve it]l(erfe rencé.
lf the waves are in phase,..Ihé. crests and
troughs coincide so the wave's heights are
con structive aird.combine,to make larger
waves. Also, anomalously large waves can
result when waves..go ágaìnst.lhe dir€ction of
a currenl, which makes the waves steeper.
ThiS second mechahism.is probably ar.rûore

¡mportant cause of rogûe,wâves.
lf wave trains are ¿ú of phase, so thal lhe

crests,of one train eoinóide with the tioùghs
of the olher, the waves,canc-el each othêr .

óut. Néithéi constructivê no¡ déstruct¡ve
ir¡terJerence' cân âót.ôverrdistances. grgater
than.a few wave.lengths. :Therefo rç,, !Íot :

eiariìÞle! dêstiuctiúê.iRtérfer.enee, cannot.
resultlin.a Íelatively calr¡ seá.dufing stroñg ..

winds. .: .
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together to have exactly the same wavelength
and tq Þe qynòhr_onìi-e9. ïhefJe uslqfly timed
slightly differently, and interact¡ng trains tend
lólálteinaÌerÞêWéénrbèing:consti'ucJivq and', .

'dèsltuctive. ÎiiS.,rééúlts:inrar,mixed:êèàr.r/úìth'i,

rpêrigds of.1árge..áridrsmáll.,r/vavés;rYô¡-¡'vé .

ìplobably n:gudpatêmÉrthat:cyclefrom'''
.peüods-of calmiìbu¡ld to lalge-.Ìvaves; then : 'r -

regress to calm again, and so on, This is

the effect of two slightly difierent wave trains

llls relalivelysip f oi.tiáinsrcomû ng

coming together.

SURF AND BREAKING WAVES

Íf you'íê ever been to the'beach; yoú'Ve seeñ
r^t€ygsrbrgak and Spìll their:,energy ãgsurf.
Have you ever thought aboul how awave
breaks?

: ln deep wãter. a.,1.vqvg. b,ieakg whên its H:
L ratio excqeds :1 !7.rT,hat jslwhe thê-rheight

exceeds one-sevenlh of the wavelength, the
wqve breaks rqs whitecâps.'T.hê same fatio
applìes in:.shallow water, thoggh ¡hrough q
differenl process.

iyavehe.¡ghtjoriisie\ ..,::, ....',, :t, :' .',. : :.'...;.,,;1;; :;.

i.rrAsrthé':wave,Cg!!¡nuè.s¡o_ving,shg-rew-âidi:
the wavelength continues to decrease and

rlherhèighi:eontiíruê._s-,!o jn_ctêaçe, 
: mov.ing¡tlie,

,.iûáve,closei' ald,¿lôsè¡towâtd an: H:LratÍo.,ìf :

r,t:7i T¡é, wave Þa¡¡sÞq thê, l;7,f.atio,¡rhe'l,thè:,1
dêpth, iS.1'.3 t¡nìes,ttj'ê,heigtrt,. Because,.Ìhê,,,11
.'crest of the ,wave]is.novú,ffaveling fqStef.. üañ: ,

¡ts trough, and because its height ¡s more
than 1 .7 t¡mes its length, the wave becomes
unslable- The ¡nstabil¡ty causes the wave to
break, and ¡ts crest topples forward.

There are three bas¡c types of wave break,
Plunging breakers are characterized by a curl

Deepwqter wqv.e!.become transitional

when thev enter water that's shallower
, than half Ìheír. -wávqJenglh. A!:this rpoinl,
.rrthe .boitom.bêgiri ..to'affectthq.- wave: As.it .

' :moves shorewãrlJ, thq oÍbitalmgtionllatte.ns!
becon¡ng, ellipticàl, j nteraCtign,\rvith the

bottom slows the wave, decreasing
the wavelength and pack¡ng

,"*¡f' å . the wave's energy into atlÏt tishterarea'rh¡scausesthe

hncyclopedìa 01 Hecrealional D¡ving

aq:thê top óf the wavé pitqheg th.rough lhe:air-
before splashing into the boltom. These occur

Plunging breaker
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: :.ón im _o-dqiately:steep.óeacl té's. rhat.decqierate
the wave quickly, so the top of the wave

; literallyfliesaheaC'.of:rtÈbòttorn.:,SpttioC,
breakers occut on gently slop¡ng beaches.
The top of the wave tumbles and slides
doÌvn the front of the wave as it decelerates

: ,. .aslo\^dy: ,S. . uigr¡?g .breakeß,oeieüi.on ve¡/ steep . .

beaches thal are almost like walls r¡s¡ng out
' :9f rdeeB,WìatèÍ, Since therelg.little or no bottom

contact, the waves don'l slow down, but surge
' .virtually.unbroken. Sur.ging wàv.es c.an. ìþe've.ry

destructive because they don't lose much
:,.enprgr' ' a..' ',,; . ::.,'.:.;' ,:,::;': ,:,, ,,,;.

Differenl types of waves require different
techniques if you're div¡ng through surf, and

' the charaCle¡istiôè:df gach hávè àdVar_rtages

and disadvantages. Plunging breakers can

1' be ãifficult.because'they cráéìi dor;wi o¡ you,
.: but the:advantage is they ùsuâlly þave a 9þ9rt

surf zone that you can move through qu¡ckly

. if you tirirg¡illrlght. Sùiging,wavëslqrê.-very I. l

',; .strong .4nd.'ián.slam you agai¡sliialis a¡d :

rocks, yet you can use them to lift you onto
.shere for y0úr, èii!:, Before:diving.in, unfámiliár.
surf conditions, get an or¡entation to lhe
approprìqte techniques from.your loeal PADI

D¡ve Ceñlér or.Resort.

. Rêf.ract¡on;r Eliftrãct¡on and. Deflection.
The prev¡ous- descr.iþlion. of 5úrf iê somewhát
idealized because it assumes that waves
hit the shore.gqqar.ely. ln reality, thal..farely

. happêns. Æefl'âction, diftiaction, and.
. d efl e ct i o n àlf ectwâvé :behavic!¡,

As you learned in reading about longshore
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au¡rent9,,q]d,longéhoiê di¡ft;.:wa.v.es,:, ..,,:.:, .,,,,

approaching shore from an angle tend to
tu rn u nti! ithèyl.te.:palal lel ú!1¡: ç,sfrore,;Dr'4g
on the shallower, inshore side of the wave
causes this, and is known as wave refraction.
Whq''n !hê shorelinê,is iÍegulârr ref¡açt¡óí ,

tends to concentrate wave energy toward

- i..:::.'

headlands.because the wave crest nearèst
to the headland slows first, turning the wave
to\¡iãrd it..

'Wave..diffract¡0n occurs 1,\ihen wâves pàss
an obstacle, suçh a9.a je¡ty..Energv shifts ' ,

within the wave, allowing a new wave pattern

to form.¡last lhe.obstacle,.oi.thr.gggh an
oÞen¡hg,,Diffiaction is Whatrãllovi-s very heávy

Surging breaker
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qgasrto'fogk ¿itì,dJhen¡/.'rserr¡iiélltprotec_.þ8 .,.
hàib'or''ì¡¡ãV'9.1lqif f¡@èd ralte¡passjir!1 :, . r,¡,

lhrough island channels can alter swell
pâttefns,f.ve[.loff.¡hôiê, .. . ,... r.,..:.r.., l , |'. - .

' ', Réfièctióh¡ocôúis,wt¡en waùest hít;¿n :, . :

abrupt obstacle that is nearly perpendicular
¡n the water, such as a seawall. The wave
retainÈ,,môst ófÎS;éne¡gy:and þg¡qnces backl
towar(.lhe op..Ç¡,Water. Feflecled..Iûave
energy càn boúiice.around the irisidertf
an enÒlosed areã; qr,eating comþlèxwave
patterns. A good example is the pattem
that you get with a single splash in a still
swimming pool. At first a single wave set
travelsJrom the.splash, but.when-,¡t iêaches
a wall, it reflectSiri a new dìr-ection as.a new
set of wàveS.tMéanwhile, the oihêi:side of the
wave reaches another wall, doing the same
thing. Soon, there's no d¡scemible pattern as
the reflêcted ùaves .interact:a¡d tconiinue lo
reflect.

Reflection Òan:also cause a bfâàdlng
u/ave. A's-tandingryave is a verliô¿iOscilialion
in which water rocks back and forth,

iislnorand JalJingl::atlhe e¡osr:but,iêtâtiù,ely,, l
motionless near the center, like coffee
sloshing back and forth after you bump
the cup. A standing wave isn't orbital, but
has:a.ltf ou.úh,.ar.id..i cièst..lhátêltérñatê:.iqa; ì:.,.'

single position. The point in the wave that is
stationary is called its node; Ihe antinodes
occur where there's maximum vert¡cal
change,, : ' :';tt;:' '

DESTRUCTIVE WAVES

On the qpe¡€ea,.so.mêtiries 
teven v€ry tlarge

waves;can,seêrn hârmlegs;.Arship:fiqes uþ
añd'ovei them. when they rêâch,shallow
wafeÍ and unleash theìr energy,,howevei,
lheir power b'ecomes vis!þie. Waves d¡iven i

by.storm:winds òan be dangergus tq öoastal
areag. Thçre arerlhree digtinet -ty. 

pes, gf,wave:.
noted.,fof .their déstructivé.po.Wer: stoini Þgrge;
seiche, and tsunami.

Storm surgeis a destructive wave that

fo¡ms wtien hìgh wi¡ds,,p¡,rsh water agalf.tsl
the shore, where ìt p¡les up. The shallower
the water, and the further it extends offshore,

. ð
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A slandjng wave ìs a.vêr'tìcal òscillàtion ¡n which wáter rocks back and forth, fising and falling at the
ènds but iema¡ning iêlàtr'úely moiionléss nèár tne èntei. thè.potnr in thê \,úàvé ihãi is srãtìonáry is .

called its áode; thè aniinôdes.occur wherelhefeÈ,i¡aximuririárt¡êaic¡ange.
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]h.e..p.f ,g!,e¡!trjiçq¡.e-riFiái.ç'r,wly,thè,U.$:cr¡lf r,
Coast has the biggesl storm surges, which
can exceed I metres/3o leet for a Category 5
hurricane.

:,:., r'Whenrtn"e:stijÌriméúe¡i aÈhòr,ètthè.sts-tiÎ :,,:,

surge bu¡lds on top of the t¡de. The damage
ip. t¿ù.'lvjns,.òò.âíiât,areas'.ei ; tiêñèlqoue,,.r
when storm surge and an extremely high tide
coi nçide. :' Altho-ú 0h' turdcqn e vìnd9- çause lhgi :'
mogt Struolural damage, ãbô.ut€o,Þeicê'nt of ':
._dea!hs in.a hur:r¡ica¡re.fesultf rom.lhê slofm'
s¡r¡99. s.torry s¡¡r:ge i.s ¡ol a progressive wave
and eÍists.only ìnå cyclonic.stoiriì.. . .

Ser'che is a form of standing wave that can
be destruct¡ve. Se¡ches, which form in large
,bays and'lakes as a wave thal. rocks'back
qnd forth, can result.from á.sùórig r¡vihd that
pushes the water level up on one side of a
basìn. Whén ihe ûind âbates, the water rocks

back and forth at a frequency determ¡ned by
the basin size and deplh.

l-.áke'Géneva;Sûitzerlând,, is known .

fo¡ Sejqheç.and .is, in fqct; where scientists
first'describgd.lhe .phenornenon, All the . . .

US Grêe¡t Lakes hqve seiches regularly,
When combined with storm waves, seiches
soniêtiñes cause wAterfront property
damage.

+

Enctosed Báy

i . Enóycloþedìa óf Récr¿atÌonaì Diving

ffi:l:"J

Enclosed Bay

Storñiéùi9e..3'3'i.rlêùes¡ 6
féétôf stôirir.Surge slruôk
théÉoridã pânhandle 

'nSéÞiembér 197s:

Aseiçhè is the slorhing of a cìosed
bódyref i¡¿1¿¡- :r1..; 6"ck and,fòñh .

rtatér ùovèmerit can bê çaúsed
Þy álqcal eatthituake õr when a .

stron! wirid blowing in oné.direction
suddénly.StoÞs.
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r.r,Àrfs-¡iri.áa¡iesuttq:f rornìs.ù.q.._d!n,fi àtiè:r:,,'

dispJqçerÍient','aêUsedrb.y:ra.|þnqsl¡dè;' àh r,

iceberg falling ìnto the sea from a glacier,

arvolqânlc:,e¡_upti gn;' of ,:rf nôE! c,9T ryo0ty'' an
earthqUake:'T-sú n.áriìist getrhej.f-),,iar-ne,jro¡n

th.q J ap.:qn és. erword,f or h a rli a rwave, thanks

1"' .'.' a'.'"--.-''.-' -'- ."'."'.'''
Glocking a lsuna¡iri

Care lo oulswim a tsunami? Just how fast are
tsunamis, annvay? lf you know the depth, you
can figure it out for yourself, The Veloc¡ty of
a shallow-water wave is determìned by th¡s
equat¡on:

V =J¡d
where:

, V = velocity
g = the acceìeration of grav¡ty

ì (9.8 meters per second squared)
andI d = 

.the water depth.' That ìs, velocily = square root of gravìty limes
, depth., Suppose a tsunamÌ or¡ginales jn water that is

4000 melers deep.
v ="figã mFfx (4ooom)

v ={39200 m,/sec
: V=198m/seci Therefore, the veìociiy of lhe lsunami would
: be 198 melers per second. Thatworks out to
I 712.8 k¡lometres/442.g miles per hour until the

wave hìts shallower watêr.

Sf:rAngetbUt qll,tslr¡tAmigrai..er:sjìállów:Wã1ei., .:

waves in the same way that the tidal bulge
is a shallow-water wave. The typ¡cal tsunami
has a wavelength of about 2OO kilometrevl20
miles, yet the deepest point ¡n the oceans
(Marianá:Trenghþ: 'about,1í' mior:!:!pties/6;8

mïes degp, There:s,ñoooe¡rri i'leep enò-qgfi ..]

!o maKè,iatsúnanìi.behqvé:qsãtqeepwaþ ;,

Waye.Allho-Ugh th 9y, are wav,el, w.hen,lheyni!,

theygsùaÍiy seem tp, benave,iúòre like a fioód
rushing ashore.

Tsunamis are fasl-mov¡ng waves that
can travel thousands of kilomelres/miles.
Theytrê.not muôh of án issue,in the open sea..

They.have very long waveièngths and..are

nearly imperceptible as they travel. Vessels

may rise and fall aboui onelmetre/threel
féêt whên â tsunami passèé, but they.ijo so

to theìr pârticul¿Ír.destructiveness in hârbors

and bays. You may have also heard them
called tidal waves, though this is a misnomer

. becausê the. ylre notcausedùy the

i$Ê
Ërieyclópedia oT.Fìecfeational Djving

tides ìn any, Way. .

' hìtiaily it rnâyéeem

A tsunami results from Sùdden watér disÞlaceirrent
caused by a landslìde, iceberg, volcanìc eruptjon, Òr,

most commonly, an eárthquake- The long perìod and
wavelength maké them ñearly unnoticeable at sea.

FAULll
DISPL/ACEMENT
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vety:graduA!ly. JãBâneçe.folkloÍei,ielatési¡ii, :

ùcjoen¡¡nwnich:l¡¡;hen.n.énrat :attoa¡|, 
",sailed home to find their village wiped out by

a tsunami. The fishermen were unaware it
hadìÞaóse.dìq¡.d,eil¡è:ií, :,;::.',..., : : ::: ,' ::

. . Wh'erira tsunariil:iêáchegrshóIé; i\..: ,:.

becomes much higher. The wave surges
aslQf êt.bf9aJ9 :anqrihUf Sìlfeùêhdouswâte¡ :'

rnass and:ène¡gy:ionto-'lánd:' IÎìthè't_r_ôuúh:

precedes the crest to shore, the wave waler
rqcedes as i a magsivé low Ídå we¡e in
prggreqsi Tþe bqilding perìoqcan.take ,

several minutes and has accounted Ìor some
falalities. CurÌóus beachgoerS,,uñalúáre of the
dange¡ have war.rdered qut onto the drained
seábed caused bjl.thê precédingrtrough, only
to be drowned by the wave a few minutes
later. History records a tsunami surging up a
hillside SS0 metrèsl1-740 fêet high in Lìtuya
Bay, Alaska, USA, in 1958.

TIDES

Tides are waves.îésponsible fôr the, usually,

twice-daily rise and fall of the sea surface
that alternately covers and exposes marine

life along the.shore. They plâ)1 an irnpo.rtant

role in determining When céitãin locations

vú¡ll experience..sifong currents,.çha!g!lg,
depth and changing visibility. Therefore tides
affect d¡ve condit¡ons - sometimes improving

lhem, and sorn'etimes worsening them..Tdes
. âiso,affêòt aq!¡aric Jife, piineipally in.mairine

. environments wher€: lidaì. currents:aäecl,the
distr¡bution of planktonic organisms. lldal

tncyclopedra 01 f{ecreatonal urvrnq

:;.:l?.'a;î

The 2OO4 Tsunami
On 26 December 2004, more than 140,000 people were killed
across southern Asia in massìve sea surges tr¡ljgered by the
strongesl earthquake in the world in 40 years. Hundreds of
thousands more peóple were left homeìess, their lives all but
wiped out by lhe d¡saster.

The magnitude 9.0 undersea earthquake struck off the
western coast of Sumatra, lndonesia at 07:58:50 local time.
Il was the strongest in the world since the g.2-magnìtude
earthquake which struck Alaska, USA in 1964, and the fourlh
largest since 1900. The largesl recorded earthquake was the
Great Chìlean Earthquake of 1960, at magnitude 9.5.

Dealhs in thìs quake were caused by resultìng lsunamis,
which ìn Thailand were up to 10 metres/33 fee't, and struck
wìthin three hours of the initial evenl. lvlultìple lsunamis struck
and ravaged coastal regìons of nìne countries ¡n thé Indian
Ocean, devastaling regions including lhe lndonesian prov¡nce
of Aceh, lhe coast of Sri Lanka, coastal areas of the lndian state
of Tamil Nadu, lhe resort island of Phuket, Thailand, and even
as far away as Somalia, 4100 kilometres/2soo miles west of the
epicenler.

About 80 percent of all tsunamis occur in the Pacific and
many c¡ties around the ocean - moslly ¡n Japan, but also in
Hawa¡i - have warning syslems and evacuaìion procèdures
for serious tsunamis. One of the best ways to predict tsunamÌs
is to monìtor earthquakes, which set off most of the waves.
Seìsmograph networks, wave gauges (such as those operated
by lnternational Tsunami WarnÌng System) and satellite
measurements óf sea level changes can help wârn of tsunamis.

Devastation
caused by the
2004 tslrnami in
Southeast Asia.
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móV,e¡neiÌ.re€ujls:fl0r :thègiavitarionâf ,,,,,r

¡nter@o¡,ót,t¡e::èa.r.-t1,,:mopn arid suni as::â
general guìdeline, the best div¡ng conditions
oæúraÍruEn:tiOé .,.,.,;;,:,,,;.;:.;t', ;, 

"; 
I'',, ]':...'.:,: '].

' .,',',,I'þÞ'cyçlicaLn-a¡Úi.er,ot:the,,orÞj!!,and: ., .

planetary motion of the earth, moon and sun
r'íake, lherriqqs.prèdiclqÚé, Ïde dùrâtioii, .,
number and range depend on the relative

rposiliôn of these júlêe¡óoiesandîhe ''- '
.ioCai topogiaphicai,texures,By-using this ::

information, people can generate accurate
tide and current tableiro precfict b'olh thé ,

. times. and, heights'r'óllides any.where in the.
. wórld. Aquatic.orgãn¡sms - particularly those
living ¡n the ¡ntertidal zone - simply rely on
,bioiogical clocks to,regulate their activ¡ty
to the tides. Before a dive, check local tide
tables and becc'meJamiliar with how tides
affecl-local condiiiqné and aquatic life.

the Gauses of Tidás,']jdes resuhirom the
giAv¡tatignal pullof .the mo.on and, to aJesser
degree, the sun. They pull ocean water ¡nto a
huge wave with a wavelength the s¡ze of an

ocean baéiñ. ln pr¡nciple,.the sun'ànd moon

crêAte tuo bulges,ón:opposite sides of .the

éarlh. The relative. positions of the sun.and
moon chânge slowly, so the bulge rotates

around the earth. As a coastline rotates into
the bulge, the tide rÌSes..As it ratates out, the

tide fálls.
.lsaacrNervlon proposed this
simplistic explanation of

. ,f. fi . the iides. lt is called thetfl f equitibrium theory,which

.Eniyclopedia of Recrêâtional.Divjng

lgsunies:that the:e,gI!.hrig: p.ê,decJly:qnìf9û,. .ì

that waler ¡s veM very deep, and that there

Sief ó:Jandm_as9è_s-,.Ì¡èì-tó¡lernøththá,,
equilibrium theory is that the earth isn't

Þ. erl,ggtly Unifolm, thqui/áléi:i9n:lalwájis¡.,vè¡y',:
deep and there are many landmasses. This ¡s
why Newton's theory is too simple to expla¡n

ihê,taótual:.tÌde.s..onrtheêarth;€ômeiláces,'' :..

have ùáes,in a roûer.s,mvetoner ln. :.

s.ornê plaqes lþetidéS,are Very.éxtreme, jnr. .
others they're not. Because of landmasses
and varying depths, the lides don't move like
añ:u¡obstructed wavé;jn theo. pen,sea; Thqy
are waves that are forced through and around
obstacles. Understanding this requires a more
comple¡ model. , . '

Pie.rre:Sìmon Laplácê módified Netvton's
model:ió àccount fór ildal vâ¡¡ations. His
model, callèd lhe dynamictiheory, shows ttiât
the¡e. areht o¡ly two ridallbuiges; ratheri theie
are several tidaÍ bulge-s. Thjsrìs becaúse;
in.áddition tô lunar and sôlar grãvity, the
imperfecl sphere of the earth, the season,
the lime of the month, the shape of the ocean
bâsìn, and lhe CorióÍis efieèt áll iñfluence
the tidès. Tdes rotate ai'.oùrid more than a
dþzen amphidromic points.'fhese are points

where the water doèsn't rise'ar¡d fall with thê
tides. The tides occur in a pinwheel-shaped,

standing-wave.paitern; T,hêie is no verÌieál .

{idal rnovement at,an amphÌdigmìc poìnt, but.
away from that point there may be magnified
tìdal motion as the tides chãnge lhroughoulr .

the day.

The Ocean Pianet



Tidql Páitter¡s€nd.curr-entS;:.:Blcagdp. ¡ ;

lhere areuiìrllt¡ple¡iqi{iþu!99^9,.anE.óJher.:i:r, .

inf lge¡ceo¡l1da! p. átter¡ s.v,ary wjth:lo0ation.
Some places have a single high and low tide
daily. This pattern is called a d¡urnal t¡de.

Semid¡urnal tidesmeans having two roughly

I : :eqrà1,:highrárìd lõW'tqÞS, dáily;áiÞredietèd :,
, : blt,Ne\,üon:S,lntidël::M¡xéd t¡des:ñ"hrá,t.
. 

.r 
paftern ihatfcongistg. of, tvio'u¡pquãlthigh:and
low Tides daíÚ.,Different areas have,difte. r.ent

tidalpattemgtrdepending úpon the locatioR of
amphiqreniicpoids, ,F. or this reasgn, a,very
Iong stretch of coastline can have more than
one tidal pattern.

The shape and depth of the ocean
basins affect tidqlpettems. The Íange-.the

. ;diffe-rencábetween.high and lowtide.s; - . 
I

'clependg,mogtiy;on .the basin sh-aþe and:sìze.
Large, wide basins tend to have a smaller
.tidal..range {hq¡ nárow; shallow basins;, I I

' T¡" d"ily ädés crsate a cuirent r'¡rat Íóws
into.and out.óf bays; rivers, haibors arid.

:olher restriqted spaôes, The inflow is cálled

aflood current andlhe outflow.ìs called a

slack current.ïhe midpoint beïrue9n ¡igh
and low Î¡dês crêates slack tide, whén there
ìs litlle.waler, moving. These tidal vaÍiatiéns

. ale impóriant to people who Workon:and .

around the sea. Large sh¡ps may only be

able to.enter,or exit'a.hârbor during'rhighrtide

to ensure sufficient water depth foitraiel.
': Sâiling..ships.ofteh'use.lhé slackturrènt,.to .

take advantage of the flow carrying them
seaward.

Enqyclopedja of Fecreatiôha¡ Diving

HIGHEN
. rirêH .

T.lDE

LOW :tlDE

ïidal patterns vary wlth ìocation, Some
Þlãcês have a sjnsile high and low:tide
daily, 'fhis:pattern ìs called.a diurnal .

iidê- Othei areãs have semÌdìurñál tides
- two róughly eqúal irigh ánd ìóvi tides
daily. A m'xed ììde is where ftere áie tli/o
unequal.high and low lides daily-

tow TtDEs

HIGIìËE
LO\IY T'IDE
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ln Somé ¡nstanczs.'.a Iidal btore cán form-
This is when lhe incoming tide produces

a wãve that flows ìnto.:â iiver, bay.or othgr ,

relatively narrow area. This is a true tidal
wave (i.e., a wave caused by a tide) and can

þé g.everal metres/feet,high. On the Amazon
River in Soulh Amer¡ca and the Severn River
¡n England, surfers can take long r¡des on the
tidal bore.

Spring Tides and Neap Tides. The influence
.,of the moon on.thé tideé is aboùtrtwicé'thé.

influence of the sun. The sun has much
more gravity but affects the tides less lhan
the moon becausê.¡t's sO much farlher,awâi, .

. ¡Þ .¡ tides differently, depending on
- .l-, I.

, ;fl A the posilions of the sun and
' I I t moon relative to the earth.*t
"T,'
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TidàlÞãttêirÌs.tjf :.1' I r'
thê.Unitedrstâieè 

.

rieirìónstiâte hòWi èvètr.:'
relâlìvèliõlôèé¿réáS.,l
{globallyrépéâkiho) càn .:

have différènt lìdeÀ..
ô¡ ihè ùesi coast ãiro
rn parts ot the Gull ot
l\,4exico, mixed tides
'predominàte: Other. þarls
àloÌi0ìhe,Gullof Meiìcô
háve iJiúr¡áì tidès, fhe
eâst côãsi oÌ the Uniièd
Statéé.ìs ¡ominatéd rby

sèmidiurnaltides.

. When the s.un, the moon, And.the eanh
áre. aligned, their.gqyjty workg together,.
raising the he¡ght of the tidal water bulges.
You can tell when this happens by the phases

of thé moori; When ther.e s A new rhôon (nó

moon V¡sible), both the sun andrthe,moon.âie

aligned on thé same side.of earth; and duiing.
a full moon the sun and moon are aligned on

opposite sidès of earth. Bôth. posit¡ons cieate
the highéét añd lowést tides,.called spr.rhg

t¡des.

When the moon ¡s in a quarler phase, the
lines Jrom it and the sún io.lhe €árth form a
right angfe. The sun's gr.avitaì:on pulls.to:the

side of the rnoon's t¡dal bulge.iThislends:lo
raisê'the lòw tide and lower.therhigh t!de.
These l^'eakei lid es are ealled ':'t i d s.
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