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ERASMUS MUNDUS MSC COASTAL AND MARINE 
ENGINEERING AND MANAGEMENT (COMEM) 

 

AhG 7SCTmuT+1 7SCTmuT MuPFuT M@E iP 5oCTUCN CPF MCSiPG 7PIiPGGSiPI CPF MCPCIGmGPU iT 

CP iPUGISCUGF RSoISCmmG iPENuFiPI moDiNiUy oSICPizGF Dy fivG 7uSoRGCP RCSUPGS iPTUiUuUioPT, 

EooSFiPCUGF Dy NoSwGIiCP BPivGSTiUy of @EiGPEG CPF AGEhPoNoIy (NANB).  

 

AhG LoiPU TUuFy RSoISCmmG of )2( 75A@ ESGFiUT (Uwo yGCST fuNN-UimG) hCT DGGP oDUCiPGF CU Uwo 

oS UhSGG of UhG fivG 5oM7M RCSUPGS iPTUiUuUioPT1 

 

• NoSIGT AGMPiTM- NCUuSviUGPTMCRGNiIG BPivGSTiUGU (NANB) ASoPFhGim, NoSwCy 

• AGEhPiTEhG BPivGSTiUGiU (AB) 6GNfU, AhG NGUhGSNCPFT 

• BPivGSTiUCU PoNiUèEPiEC FG 5CUCNuPyC (BP5). 4CSEGNoPCAGEh. 4CSEGNoPC, @RCiP 

• BPivGSTiUy of @ouUhCmRUoP, @ouUhCmRUoP, 9SGCU 4SiUCiP  

• 5iUy BPivGSTiUy LoPFoP, LoPFoP, 9SGCU 4SiUCiP 

 

6uSiPI UhG fiSTU UhSGG TGmGTUGST of UhG RSoISCmmG, TUuFGPUT TUuFy CU Uwo oS UhSGG FiffGSGPU 

uPivGSTiUiGT FGRGPFiPI oP UhGiS USCEM of TUuFy. :P UhG fouSUh CPF fiPCN TGmGTUGS CP M@E RSoLGEU 

CPF UhGTiT hCT Uo DG EomRNGUGF. AhG Uwo-yGCS 5oM7M RSoISCmmG NGCFT Uo C muNUiRNG TGU of 

offiEiCNNy SGEoIPizGF M@E FiRNomC EGSUifiECUGT. AhGTG wiNN DG iTTuGF Dy UhG uPivGSTiUiGT UhCU hCvG 

DGGP CUUGPFGF Dy UhG TUuFGPU. AhG USCPTESiRUT iTTuGF wiUh UhG M@E 6iRNomC 5GSUifiECUG of GCEh 

uPivGSTiUy iPENuFG ISCFGT/mCSMT CPF ESGFiUT foS GCEh TuDLGEU.   

 

:PfoSmCUioP SGICSFiPI UhG 5oM7M RSoISCmmG ECP DG oDUCiPGF fSom UhG RSoISCmmG 

EooSFiPCUoS1  

 

ØiviPF 3. 3SPUTGP, 6S.iPI.  

3TToEiCUG RSofGTToS iP MCSiPG 5iviN 7PIiPGGSiPI  

6GRCSUmGPU of 5iviN CPF ASCPTRoSU 7PIiPGGSiPI  

NANB NoSwCy  

AGNGRhoPG1 +,//+-0,.2- 5GNN1 +,/02.-(,-- FCx1 + ,//+-0/(2)  

7mCiN1 oiviPF.CSPUTGP2PUPu.Po  

 

5oM7M BRL1 hUURT1//www.PUPu.GFu/TUuFiGT/mTEomGm 
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COMEM MSC THESIS 
ANOW XNKWOW wGW ISQTPKXKJ Hy-  

:bU FUfíU LYffUbc NfYñU  

BRJKV XNK WYTKVvOWOSR SL-  

IfcZ) =f) Bf) :)C)A)F) KYbiYfg  ChUifaUb' MN =YlZh 

=f) Bf) F)?)L) MiggiYf   MN =YlZh 

Eibh IhUb DhUbh FLW)   MN =YlZh 

Bf) Cccgh XYb ;iYaUb    =YlhUfYg 

Bf) :fbclX jUb KccijYb   =YlhUfYg & NbijYfgihm cZ PYghYfb :ighfUliU 

=f) Bfig AYbXfi_g    BFE=E: & NbijYfgihUh XY lYg BllYg ;UlYUfg 

=f) :lYjUbXfc HfZilU    BFE=E: & CLBC 

.W G VKUYOVKQKRX XS GXXGOR XNK JKMVKK SL-   

EfUgaig&5 EfUgaig FibXig FUghYf cZ LWiYbWY ib CcUghUl UbX FUfibY EbgibYYfibg UbX 
FUbUgYaYbh (CcFEF%) 

AGYMNX GX XNK LSPPSwORM KJYIGXOSRGP ORWXOXYXOSRW-  

• GcfgYg MY_big_( GUhifjihYbg_UdYligY NbijYfgihYh (GMGN%) MfcbXhYia' GcfkUm) 

• MYWhbigWhY NbijYfgihYih (MN% =YlZh) =YlZh' MhY GYhhYflUbXg)  
• NbijYfgihm cZ LcihhUadhcb) LcihhUadhcb' @fYUh ;fihUib)  

:h khiWh hhY ghiXYbh hUg ghiXiYX Zfca :igigh -+,/ hc Cilm -+,1) 

MSC THESIS FOREWORD 
Mhig FLW hhYgig kUg cfigibUhYX Zfca Ub ibihiUhijY VYhkYYb =YlhUfYg ib MhY GYhhYflUbXg UbX 

BFE=E: ib LdUib) MhY WccdYfUhicb Wcbgighg ib Ub ibhYfWhUbgY cZ _bcklYXgY ib cfXYf hc dfcjiXY 

Ub ibhYgfUhYX ibXYfghUbXibg cZ hhY khclY gmghYa5 BFE=E: dfcjiXYX ZiYlX XUhU UbX hhYif 

YldYfhigY ib IcgiXcbiU cWYUbiWU' UbX cb hhY chhYf hUbX' =YlhUfYg WcbhfiVihYX kihh bYUfghcfY 

dfcWYggYg _bcklYXgY UddliYX hhY hc hhY cdYb-gcifWY acXYllibg hccl Q;YUWh) ;chh ibghihihicbg 

hUjY YlhYbgijY UbX UWhijY fYgYUfWh WcllUVcfUhicbg kihh XiZZYfYbh ibijYfgihiYg) Hb hhig cWWUgicb' 

MN =YlZh (MYWhbigWhY NbijYfgihYih =YlZh% ib hhY GYhhYflUbXg VYWUaY dUfh cZ hhig FLW hhYgig 

dfcdcgUl UbX gfYUhlm WcbhfiVihYX ib hhY fYgYUfWh dfcWYgg) 
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dcf hUVYfaY ibWilWUXc jUlcfYg XY ibWUlWilUVlY jUlcf eiY bc gY UdfYbXYb Yb lU YgWiYlU) Hg eiiYfc 
aiWhc)  
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ABSTRACT 
IcgiXcbiU cWYUbiWU ig U ZlYliVlY giVUeiUhiW gYUgfUgg gdYWiYg hhUh Zcfag YlhYbgijY aYUXckg UWfcgg 

hhY FYXihYffUbYUb LYU) MhYgY UfY WcbgiXYfYX cbY cZ hhY acgh jUliUVlY YWcgmghYag cb EUfhh) 

Mhig FLW) hhYgig YlUaibYg hhY fclY cZ I) cWYUbiWU ib dfchYWhibg hhY WcUgh Zfca ghcfa iadUWhg) 

Ificf ghiXiYg UfY VUgYX cb ZliaY YldYfiaYbhg hhUh ZcWigYX' Ulacgh YlWligijYlm' cb YlUaibibg hhY 

YZZYWh cZ I) cWYUbiWU cb kUjY hmXfcXmbUaiWg ib ghUllck kUhYfg UbX ibXYf ailX WcbXihicbg) 

AYfY' ZiYlX XUhU fYWcfXYX Xifibg high kUjY UWhijihm dYficXg ib ibhYfaYXiUhY kUhYf cjYf I) 

cWYUbiWU aYUXckg kUg ibjYghigUhYX)  

:b UggYggaYbh cZ hhY YZZYWh cZ I) cWYUbiWU cb kUjY XiggidUhicb kUg WcbXiWhYX VUgYX cb gdYWhfUl 

UbUlmgig) MhY XUhU UbUlmgig WcbZifaYX hhY YZZYWhijYbYgg cZ I) cWYUbiWU aYUXckg ib fYXiWibg kUjY 

YbYfgm) :XXihicbUllm' hhY gdYWhfUl YjUliUhicb dfcjiXYX ZifhhYf YjiXYbWY cZ hhY gdUhiUl XighfiVihicb 

cZ hhY jYgYhUhicb-ibXiWYX kUjY YbYfgm XiggidUhicb' UbX ghckYX hhUh hhY XiggidUhicb fUhYg kYfY 

gfYUhYf ibXYf hhY acfY YbYfgYhiW WcbXihicbg)  

MhY g_ill cZ hhY dfcWYgg-VUgYX acXYl Q;YUWh Uh dfYXiWhibg XiggidUhicb XiY hc ZlYliVlY jYgYhUhicb 

aYUXckg kUg YjUliUhYX) Elighibg XfUg ZcfailUg Zfca hhY lihYfUhifY UbX igYX Vm Q;YUWh YihhYf 

ibXYfYghiaUhYX cf cjYfYghiaUhYX kUjY XiggidUhicb kihhib hhY acXYl) :ZhYf WUliVfUhicb' 

eiUbhihUhijY WcadUfigcbg VYhkYYb aYUgifYaYbhg UbX acXYl fYgilhg ghckYX hhUh hhY ghcfa 

iadUWh acXYl Q;YUWh kUg giWWYggZil Uh fYdfcXiWibg hhY YZZYWh cZ I) cWYUbiWU aYUXckg ibXYf 

high YbYfgYhiW YjYbhg) :XXihicbUllm' hhY iadlYaYbhUhicb cZ U hiaY-jUfiUVlY XfUg WcYZZiWiYbh 

XYdYbXYbh cb hhY DYilYgUb-CUfdYbhYf biaVYf kUg YjUliUhYX) Mhig acXilY XiX bch gigbiZiWUbhlm 

iadfcjY hhY UWWifUWm cZ hhY fYgilhg Zcf hhY giailUhYX gWYbUficg) AckYjYf' hhY XfUg YZZYWh cZ 

bUhifUl UeiUhiW jYgYhUhicb aYUXckg ig ghill dccflm ibXYfghccX UbX ZiYlX XUhU ig gWUfWY) MhYfYZcfY' 

ih ig fYWcaaYbXYX hhUh ZihifY ibjYghigUhicbg WcbhibiY YldYfiaYbhibg kihh hhY jUfiUVlY XfUg 

WcYZZiWiYbh acXilY cZ Q;YUWh6 Vm hYghibg XiZZYfYbh gYhidg hhY igY cZ hhY dfcWYgg-VUgYX acXYl 

Q;YUWh aUm gijY U VYhhYf ibgighh ibhc gihiUhicbg khYfY hhY XfUg WcYZZiWiYbh aighh VY iadcfhUbh 

hc WcbgiXYf) 

Bb lighh cZ WliaUhY WhUbgY UbX chhYf UbhhfcdcgYbiW ibZliYbWYg' ih ig iadcfhUbh hc WcbgiXYf hhY 

dchYbhiUl iadliWUhicbg cZ hhY ZibWhicbUl YlhibWhicb cZ I) cWYUbiWU) Mc YghiaUhY khUh hhig aighh 

YbhUil ib hYfag cZ kUjY YbYfgm iadUWh cb hhY WcUgh' U bcb-jYgYhUhYX gWYbUfic kUg giailUhYX kihh 

Q;YUWh) ?cf hhY gYhid giailUhYX' hhY fYgilhg ibXiWUhY hhUh hhY kUjY YbYfgm kcilX ghUfh ibWfYUgibg 

Zfca ZifhhYf cZZghcfY UbX' WcbgYeiYbhlm' hhY kUjY YbYfgm fYUWhibg hhY WcUgh ig dfYXiWhYX hc VY 

id hc /+% hiaYg highYf) MhY lUhhYf YadhUginYg hhY fclY cZ I) cWYUbiWU Ug Ub iadliWih WcUghUl 

XYZYbWY cZ hhY FYXihYffUbYUb WcUghg) 
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1 
INTRODUCTION 
1.	INTRODUCTION	

1.1. MEET POSIDONIA OCEANICA 
FUWfcdhmhYg fYZYf hc lUfgY UeiUhiW jYgYhUhicb giWh Ug aUbgfcjYg' gUlhaUfghYg cf gYUgfUgg 

aYUXckg hhUh gfck YihhYf ib cf bYUf kUhYf) MhYgY UeiUhiW dlUbhg UfY Uacbggh hhY acgh jUliUVlY 

WcUghUl YWcgmghYag cb EUfhh XiY hc hhY gccXg UbX gYfjiWYg hhYm dfcjiXY (CcghUbnU Yh Ul)' ,4426 

AYaaibgU & =iUfhY' -+++6 GYllYaUbb Yh Ul)' -++4%) MhY VYbYZihg XYfijYX Zfca hhYgY WcUghUl 

VYbhhiW hUVihUhg ibWliXY clmgYb UbX ZccX giddlm' bifgYfm gfcibXg' gYUVYX ghUVilinUhicb' UbX hhY 

fYXiWhicb cZ WiffYbh jYlcWihiYg UbX kUjY hYighhg khiWh iadliWihlm ibWfYUgY WcUghUl dfchYWhicb 

(=iVi & Mcfia' ,44/6 CcfXà	Yh Ul.' -+,-6 OUb KccijYb Yh Ul)' -+,0%) FUWfcdhmhYg UfY hhYfYZcfY 

ibhYgfUhYX ib hhY ZlccX XYZYbWY gmghYa cZ aUbm WcUghg UfcibX hhY kcflX (GUfUmUb Yh Ul)' -+,16 

OUb KccijYb Yh Ul)' -+,1%) 

IcgiXcbiU cWYUbiWU ig U FYXihYffUbYUb YbXYaiW gYUgfUgg gdYWiYg' WcbgiXYfYX hhY aUjcf gYUgfUgg 

YWcgmghYa dfYgYbh cb acfY hhUb hhY -0% cZ hhY hchUl FYXihYffUbYUb WcUghlibY (MYlYgWU Yh Ul)' 

-+,0%) Mhig UeiUhiW ZlckYf dlUbh VYlcbgg hc hhY IcgiXcbiUWYUY ZUailm UbX hUg hYffYghfiUl dlUbh 

WhUfUWhYfighiWg5 ih Wcbgighg cZ YlhfYaYlm ZlYliVlY fiVVcb-li_Y lYUjYg cZ UVcih ,Wa kiXY' fhincaYg 

UbX fcchg (?igifY ,%) MhY fhincaY WUb gfck ib hcfincbhUl UbX jYfhiWUl XifYWhicbg' khiWh Ullckg 

hhY dlUbh hc UbWhcf ihgYlZ ib hhY gUbXm Vchhca' khilY WcbhfUghibg hhY Wcbhibicig gilhibg VYhkYYb 

hhY lcbg lYUjYg (Elgibcn Yh Ul)' -+,,%) I) cWYUbiWU ig _bckb hc VY U fYYZ-ViilXibg cfgUbiga 

WUdUVlY cZ lcbg hYfa gYXiaYbh fYhYbhicb (@UWiU & =iUfhY' -++,%) Bh ig hhY cblm gdYWiYg cZ 

jYgYhUhicb WUdUVlY cZ WfYUhibg fYYZg (?igifY -' lYZh% Vm ihgYlZ5 hc ZibX gcaYhhibg giailUf kY bYYX 

hc lcc_ Uh WcfUl fYYZg ib hfcdiWUl lUhihiXYg' khiWh UfY aUXY cZ XiZZYfYbh UbiaUl gdYWiYg ib 

WcaVibUhicb kihh ibiWYllilUf UlgUY' khYfYUg I) cWYUbiWU WUb Zcfa hhYgY fYYZg' WUllYX aUhhY' kihh 

hhY ibZlUggibg kcf_ cZ WYbhifiYg UbX aillYbbiU (LUb ?élil' -+,0%) MhY giVUeiUhiW dlUbh cZhYb 

cWWidiYg lYgg hhUb hhY -+% cZ hhY kUhYf Wcliab UbX Zcfag YlhYbgijY aYUXckg (?igifY -' fighh% 

hhUh WUb VY dfYgYbh ib U fUbgY cZ XYdhhg Zfca ghUllck kUhYf id hc /+(/0 a (CUjUllUfc Yh Ul' 
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-+,+%) ;YWUigY cZ hhY dfYgYbWY cZ XYbgY aYUXckg ib ghUllck kUhYf UbX hhY VfYU_ibg ncbY' I) 

cWYUbiWU hUg ib dUfhiWilUf hfiggYfYX hhY ibhYfYgh Uacbg hhY YbjifcbaYbhUl UbX WcUghUl 

Wcaaibihm hc ghiXm ihg ibhYfUWhicbg kihh hhY aUfibY YbjifcbaYbh)  

=iY hc hhY ZlYliVlY bUhifY cZ I) cWYUbiWU' ih dfYgYbhg U jUfiUVlY hmXfUiliW fcighbYgg XYdYbXYbh 

cb hhY jYlcWihm UbX XYdhh cZ hhY aUfibY WiffYbhg5 Ug hhY Zlck jYlcWihm ibWfYUgYg' hhY lYUjYg VYbX 

gfUXiUllm ibhil hhYm liY cb hhY Vchhca (CUjUllUfc Yh Ul)' -+,+%) ?liaY YldYfiaYbhg WUffiYX cih 

Vm CifUclc Yh Ul) (-++1% kihh UfhiZiWiUl I) cWYUbiWU' UllckYX hhY fYWcgbihicb cZ hhY hhfYY 

WhUfUWhYfighiW dlUbh XYdcgihicbg ibXYf ibWfYUgibg ibiXifYWhicbUl Zlck5 YfYWh' khYfY hhY dlUbhg 

hU_Y U ghUVlY dcgihicb glighhlm ibWlibYX6 kUjibg' khYfY hhY dlUbhg ZcllckYX Ub cgWillUhcfm achicb' 

UbX dfcbY' khYfY hhY UfhiZiWiUl I) cWYUbiWU fYaUibYX ib U giV-hcfincbhUl UbX eiUgi ghYUXm 

dcgihicb) 

 

 

 

 
Figure	2.	LEFT:	Posidonia	oceanica	matte	and	a	diver	to	give	relativity	to	the	height	of	the	matte.	RIGHT:	P.	oceanica	

meadow	close	to	the	coast	in	Formentera	(Spain).	(Source:	San	Felix	(2015))	

 
 
 
 

Figure	1.	Posidonia	oceanica	plant	with	identified	main	parts:	leaves,	rhizomes,	roots,	flower,	inflorescence	and	the	ripe	fruit.	
(Adapted.	Author	of	the	drawing:	Jordi	Corbera,	from	the	book	“Praderas	y	Bosques	Marinos	de	Andalucía”). 
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1.2. MOTIVATION 
I) cWYUbiWU ig cbY cZ hhY lcbgYgh-lijibg UbX 

glckYgh-gfckibg (, Wa dYf mYUf% gdYWiYg ib 

hhY VicgdhYfY (FUfVà & =iUfhY' ,443%' 

khiWh aU_Yg ih highlm jilbYfUVlY hc gaUll 

ibWfYUgYg ib acfhUlihm fUhY (;ciXcifYgeiY 

Yh Ul)' -++46 FUfVà Yh Ul)' -++0%) =YgdihY 

ihg iadcfhUbh ghfiWhifUl UbX ZibWhicbUl fclY 

kihhib hhY WcUgh' hhY aYUXckg UfY 

XYWlibibg Uh XUbgYfcig fUhYg XiY hc YlhYfbUl 

ZUWhcfg giWh Ug hiaUb UWhijihiYg' cfgUbiW 

ibdihg cf hhY figY ib kUhYf hYadYfUhifY 

(CcfXà Yh Ul)' -+,-6 MYlYgWU Yh Ul)' -+,0%)  

MhY hmdiWUl fYgdcbgY cZ cfgUbigag hc 

WliaUhY WhUbgY ig ghiZhibg hhYif 

VicgYcgfUdhiW fUbgYg ib cfXYf hc aUibhUib 

hhYif hhYfaUl fYgiaY (IUfaYgUb & RchY' 

-++.%) MhY FYXihYffUbYUb LYU ig U fYgicb 

cZ WcbWYfb VYWUigY cZ hhY iadcggiVilihm cZ 

YbXYaiW gdYWiYg li_Y I) cWYUbiWU hc acjY 

bcfhhkUfXg (;iffckg Yh Ul)' -+,,%) CcfXà Yh 

Ul) (-+,-% dfcjYWhYX hhY hfUjYWhcfm cZ I) 

cWYUbiWU aYUXckg ibXYf hhY YldYWhYX 

kUfaibg cZ hhY kYghYfb FYXihYffUbYUb LYU 

hhfcighcih hhY -,gh WYbhifm) ;YWUigY cZ hhY 

high hYadYfUhifY gYbgihijihm hhUh hhY 

aUWfcdhmhY dfYgYbhg (FUfVà & =iUfhY' 

-+,+%' hhYm dfcgbcghiWUhYX hhY ZibWhicbUl 

YlhibWhicb (,+% cZ hhY dfYgYbh ghcch 

XYbgihm% cZ I) cWYUbiWU aYUXckg Vm hhY 

aiXXlY cZ hhY WYbhifm (?igifY .%) Mhig 

kiXYgdfYUX dfcjYWhYX XYWlibY ig XifYWhlm 

lib_YX hc U fYXiWhicb cZ hhY gccXg UbX 

gYfjiWYg I) cWYUbiWU  dfcjiXYg' li_Y Zcf 

ibghUbWY fYXiWibg gYXiaYbh fYhYbhicb ib hhY 

WcUghUl ncbY UbX hhig ibWfYUgibg VYUWh 

Yfcgicb (@UWiU & =iUfhY' -++,%)  

 

Figure	3.	Projected		P.	oceanica	shoot	density	percentage	 in	 the	
21st	century.	Pink	 line:	considering	warming	&	 local	 impacts	 (f.i.	
water	 and	 sediment	 deterioration	 and	 physical	 anthropogenic	
disturbances)	(a),	warming	but	local	impacts	removed	by	2010	(b)	
and	warming	but	local	impacts	removed	by	2030	(c).	Blue	line:	the	
projected	 percentage	 of	 shoot	 density	 with	 no	 warming.	 The	
shadowed	areas	show	the	uncertainty	ranges	(90%	of	the	Monte	
Carlo	distribution)	(Source:	Jordà	et	al.,	2012)	
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:XXihicbUllm' YjYfm XUm aillicbg cZ WiViW aYhYfg cZ ibhfYUhYX (cf bch Ybcigh hfYUhYX% kUhYf UfY 

XiadYX ibhc hhY FYXihYffUbYUb (?igifY /' fighh%' WcbhUaibUhibg hhY LYU kUhYf UbX WlYUflm 

UZZYWhibg I) cWYUbiWU giVgighYbWY (LUb ?élil' -+,0%) :lgc' Uh U lcWUl lYjYl' ibWcbhfcllYX ghid 

UbWhcfg (?igifY /' lYZh% cf illYgUl Zighibg dfUWhiWYg XUilm XYghfcm ib U aUhhYf cZ gYWcbXg khUh 

bUhifY hcc_ WYbhifiYg' cf YjYb hhcigUbXg cZ mYUfg' hc WfYUhY (LUb ?élil' -+,0%) ;YWUigY cZ ihg 

WcbhfiVihicb hc hhY WcUghUl YbjifcbaYbh' hhY WcbWYfb UVcih I) cWYUbiWU fYWYggicb hUg ibWfYUgYX 

UbX YlhYbXYX ib hhY dUgh mYUfg Vm' Zcf ibghUbWY' dfcachibg hhY WcbgYfjUhicb cZ hhY aYUXckg 

kihh diVliW ibZcfaUhicb' dfchYWhibg hhY gdYWiYg kihh bUhicbUl lUkg ib FYXihYffUbYUb WcibhfiYg' 

cf ibWliXibg hhY dlUbh ib ibhYfbUhicbUl lighg cZ dfchYWhYX aUfibY gdYWiYg (FUbWU Yh Ul)' -+,-%) Bb 

ZUWh' hhY I) cWYUbiWU aYUXckg ib hhY GUhifUl IUf_ cZ gYg LUlibYg (VYhkYYb BVinU UbX ?cfaYbhYfU 

ib LdUib%' kYfY XYWlUfYX PcflX AYfihUgY Vm NGELCH ib ,444,) 

?ijY aillicb mYUfg Ugc I) cWYUbiWU gifjijYX khYb hhY FYXihYffUbYUb XfiYX cih' ih Ulgc dYfgighYX 

hhfcigh XiZZYfYbh iWY UgYg khYb hhYfY kYfY WhUbgYg cZ id hc ,++ a ib gYU lYjYl' Vih 

ibZcfhibUhYlm' ih lcc_g li_Y hhY fYUl hhfYUh hc ihg YlighYbWY ig hiaUb VYibgg (LUb ?élil' -+,0%) 

Mhig FYXihYffUbYUb YbXYaiW gYUgfUgg dfcjiXYg hfYaYbXcig YWcgmghYa gYfjiWY jUliY' YihhYf Vm 

UWhibg Ug U CH- gib_ UbX dfcjiXibg clmgYb hc hhY UhacgdhYfY' cf Vm dfchYWhibg WcUghg Zfca 

Yfcgicb (LUb ?élil' -+,0%) Bh ig jYfm XiZZiWilh hc dYfWYijY cf hc WcaaibiWUhY gcaYhhibg hhUh ig 

ibXYfkUhYf' Vih hcdYZillm' Vm WcaaibiWUhibg hhY XifYWh WcbgYeiYbWYg hhUh ihg UVgYbWY aUm 

WUigY hc hiaUbg' hhY UkUfYbYgg Uacbg hhY dcdilUhicb cZ I) cWYUbiWUpg jUliY kill ibWfYUgY) 

 

 

  
Figure	4.	LEFT:	Ship	anchor	destroying	P.	oceanica	meadows.	RIGHT:	Untreated	water	dumped	in	the	Mediterranean	close	to	

P.	oceanica	meadows.	(Source:	San	Félix	(2015))	

 

 

 

                                                   
1	http://whc.unesco.org/en/list/417 (last accessed 06/07/2014)	
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1.3. RESEARCH OBJECTIVES 
MhY dfYgYbh kcf_ ZcWigYg cb XYhYfaibibg hhY fclY cZ I) cWYUbiWU ib dfchYWhibg hhY WcUgh Zfca 

kUjY iadUWhg Xifibg ghcfag) Bb cfXYf hc UggYgg ihg iadUWh cb kUjY XiggidUhicb ib hhY 

FYXihYffUbYUb LYU' hhY Zcllckibg fYgYUfWh cVjYWhijYg kYfY dfcdcgYX5 

• :ggYggaYbh cZ hhY YZZYWh cZ I) cWYUbiWU cb kUjY XiggidUhicb VUgYX cb gdYWhfUl UbUlmgig igibg 

ZiYlX XUhU Zfca FUlllcfWU) 

• BbjYghigUhicb cZ hhY gdUhiUl XighfiVihicb cZ hhY XiggidUhicb fUhYg 

• LhiXm cZ hhY UhhYbiUhicb fUhYg ibXYf XiZZYfYbh YbYfgYhiW WcbXihicbg 

• EjUliUhicb cZ hhY Q;YUWh dfYXiWhijY g_ill Vm WcadUfibg acXYllYX UbX aYUgifYX jYgYhUhicb-

ibXiWYX kUjY UhhYbiUhicb) 

• CcadUfigcb cZ hhY fYgilhg cVhUibYX kihh XiZZYfYbh XfUg ZcfailUhicbg Zfca hhY Ylighibg 

lihYfUhifY 

• MYghibg hhY bYk Q;YUWh jUfiUVlY XfUg WcYZZiWiYbh acXilY) :bUlmgig cZ hhY ibZliYbWY cZ 

gdUhiUl UbX hYadcfUl jUfiUhicbg cb hhY XfUg cb hhY ZibUl fYgilh) 

• Q;YUWh UddliWUhicb cb Ub bcb jYgYhUhYX gWYbUfic' UbUlcgcig hc U gWYbUfic khYfY I) cWYUbiWU 

ig ZibWhicbUllm YlhibgiighYX Zfca hhY gihY' Ug U VUgiW YghiaUhY cZ hhY dchYbhiUl iadliWUhicb ib 

ghcfa kUjY iadUWh cb hhY WcUgh) 

1.4. METHODOLOGY 
MhY aYhhcXclcgm ZcllckYX ib hhig kcf_ WUb VY XijiXYX ib hkc aUib dhUgYg5 XUhU UbUlmgig UbX 

Q;YUWh acXYllibg) MhY Zcllckibg dUfUgfUdhg kill gijY U gYbYfUl XYgWfidhicb cZ hhY UddfcUWh 

ZcllckYX5 

BbihiUllm' hhY dfYggifY hiaY gYfiYg fYWcfXg cZ 0 Vchhca-acibhYX :WcighiW =cddlYf OYlcWiaYhYfg 

(:=Og% kYfY WcbjYfhYX ibhc U ZfYeiYbWm XcaUib hc cVhUib hhY gdYWhfUl Zcfa) MhY :=Og kYfY 

dlUWYX ib U FYXihYffUbYUb WcUgh khYfY I) cWYUbiWU ig dfYgYbh ib ibhYfaYXiUhY kUhYf XYdhh5 hhY 

XUhU gYh ig hhY gUaY Ug kUg ihiligYX Vm BbZUbhYg Yh Ul) (-+,-%' khc XYacbghfUhYX hhY ihilihm cZ 

igibg Ub YeiijUlYbh Vchhca fcighbYgg hc WUlWilUhY hhY XfUg WcYZZiWiYbh cZ hhY I) cWYUbiWU 

aYUXckg) MhY fYWcfXg WcbhUibYX ibWYfhUibhiYg Zcf hhY highYf ZfYeiYbWiYg cZ hhY gdYWhfia XiY 

hc ibghfiaYbh XYdhh-ZfYeiYbWm liaihUhicbg) CcbgYeiYbhlm' hhY gdYWhfUl UbUlmgig kUg dYfZcfaYX 

kihh hhY dfYggifY XYbgihm hfUbgZYffYX hc jUfiUbWY XYbgihm gdYWhfia' UbX liaihYX hc U bUffck VUbX 

UfcibX hhY dYU_ ZfYeiYbWm) : eiUbhihUhijY UbUlmgig kUg dcggiVlY kihh hhY WUlWilUhicb cZ hhY 

fYlUhijY XiggidUhicb fUhYg VYhkYYb :=O lcWUhicbg' UbX hhY hchUl XiggidUhicb fUhY hhfcighcih Ull 

hhY :=Og)  

?cf hhY gYWcbX dhUgY cZ hhig fYgYUfWh' hhY ghcfa iadUWh acXYl Q;YUWh kUg dfYdUfYX ib cfXYf 

hc giailUhY hhY ZiYlX WcbXihicbg gijYb Vm hhY :=Og) Bb cfXYf hc aUhWh hhY cZZghcfY VcibXUfm 

WcbXihicbg' U CHGLP:I gdYWhfia kUg UggiaYX UbX hhY YbYfgm cZ hhY bUffck VUbX UfcibX hhY 

dYU_ ZfYeiYbWm kUg ZcfWYX hc aUhWh hhY XUhU) =iZZYfYbh XfUg ZcfailUhicbg kYfY ibhfcXiWYX ib 

Q;YUWh UbX hhY cihdihg kYfY UbUlmgYX) :XXihicbUllm' hhY bYk Q;YUWh jUfiUVlY XfUg WcYZZiWiYbh 

acXilY kUg YjUliUhYX Vm WcadUfibg giailUhicbg kihh Vchh WcbghUbh UbX hiaY jUfiUVlY XfUg 
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WcYZZiWiYbhg) ?ibUllm' hhY Wfcgg-ghcfY YbYfgm Yjclihicb Zcf U jYgYhUhYX gWYbUfic UbX U bcb 

jYgYhUhYX gWYbUfic kYfY WcadUfYX) 

1.5. THESIS OUTLINE 
MhY dfYgYbh FLW) hhYgig ig XijiXYX ib 1 WhUdhYfg UbX . UddYbXiWYg) Bb ChUdhYf ,' I) cWYUbiWU ig 

ibhfcXiWYX Ulcbg kihh hhY achijUhicb hc Xc hhig kcf_) Mhig WhUdhYf Ulgc ibWliXYg hhY fYgYUfWh 

eiYghicbg UbX U gYbYfUl YldlUbUhicb cZ hhY aYhhcXclcgm ZcllckYX) ChUdhYf - ig hhY lihYfUhifY 

fYjiYk' khiWh ig ibhYbXYX hc dfcjiXY hhY fYUXYf kihh VUgiW VUW_gfcibX cb jYgYhUhicb ibhYfUWhicb 

kihh hmXfcXmbUaiWg' gdYWiZiWUllm ZcWigibg ib I) cWYUbiWU ghiXiYg) ChUdhYf . WcffYgdcbXg hc hhY 

Zifgh dhUgY cZ hhig FLW) hhYgig UbX dfYgYbhg Ull hhY XUhU UbUlmgig) IhUgY hkc ig XijiXYX ib hkc 

WhUdhYfg5 ib ChUdhYf / hhY acXYllibg gYhid ig XYgWfiVYX hcgYhhYf kihh U gYbgihijihm UbUlmgig' UbX 

ib ChUdhYf 0 hhY acXYllibg fYgilhg UfY dfYgYbhYX) Mc ZibUligY hhY aUib VcXm' ChUdhYf 1 WcbhUibg 

hhY WcbWligicbg UbX fYWcaaYbXUhicbg) MhfYY UddYbXiWYg UfY UhhUWhYX Uh hhY YbX cZ hhY aUib 

fYdcfh) :ddYbXil : YldlUibg hhY liaihUhicbg cZ hhY giVgifZUWY aYUgifibg ibghfiaYbhg ib cfXYf 

hc VYhhYf ibXYfghUbX :ddYbXil ;' khYfY hhY ibWYfhUibhiYg UggcWiUhYX kihh hhY hfUbgZcfaUhicb 

Zfca dfYggifY XUhU hc gifZUWY YlYjUhicb gdYWhfia UfY YldlUibYX) :ddYbXil C ghckg Ub 

UlhYfbUhijY acXYllibg UddfcUWh khiWh kUg ZibUllm bch iadlYaYbhYX) 
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2 
LITERATURE REVIEW 
2.	LITERATURE	REVIEW	

2.1. INTRODUCTION 
OYgYhUhicb ibhYfUWhicb kihh hmXfcXmbUaiWg ig U fYlUhijYlm mcibg hcdiW kihhib WcUghUl 

YbgibYYfibg) ;YWUigY cZ ihg WcadlYlihm' hhY aYWhUbiga cZ kUjY UhhYbiUhicb hhfcigh jYgYhUhicb 

ig ghill bch Zillm ibXYfghccX (HnYfYb Yh Ul)' -+,/%) Bb cfXYf hc cVhUib U acfY gcliX VUW_gfcibX 

UVcih jYgYhUhicb ibhYfUWhicb kihh WcUghUl hmXfcXmbUaiWg' U lihYfUhifY fYjiYk ig dfYgYbhYX ib hhig 

WhUdhYf) LibWY ih ig U jYfm VfcUX hcdiW' hYfY hhY UhhYbhicb kill VY dlUWYX cb ZlYliVlY jYgYhUhicb 

kihh gdYWiUl ZcWig cb I) cWYUbiWU)  

2.2. SEAGRASS INTERACTION WITH HYDRODYNAMICS  
?lYliVlY jYgYhUhicb' giWh Ug gYUgfUgg' YlhiVih U fiWh gYh cZ XmbUaiW VYhUjicifg XiY hc hhY 

ibhYfUWhicbg kihh ZliiX Zlckg (Libgh Yh Ul)' -+,/%) :g U fYgdcbgY hc hhY Zlck cgWillUhicbg ib hhY 

kUhYf Wcliab' gYUgfUgg hYbXg hc Zcfa WchYfYbh lck UadlihiXY kUjibg achicbg' U acjYaYbh 

_bckb Ug acbUai (:W_YfaUb & H_iVc' ,44.6 GYdZ' -+,-%) MhY WcadlYlihm UbX fUbgY cZ 

achicb YldYfiYbWYX Vm giVUeiUhiW jYgYhUhicb kill ghfcbglm XYdYbX cb hhY dhmgiWUl dfcdYfhiYg cZ 

hhY aUWfcdhmhY gdYWiYg kihh fYgdYWh hc hhY Zlck WhUfUWhYfighiWg (;fUXlYm & AcigYf' -++46 GYdZ' 

-+,,%) BZ hhY lYbghh cZ hhY gYUgfUgg ig ghcfh WcadUfYX hc hhY kUjY cfVihUl achicb UadlihiXY' hhY 

dlUbh kill VYbX eiiW_lm UbX aUibhUib hhUh dcgihicb Zcf hhY acgh dUfh cZ hhY dYficX' khYfYUg U 

gfYUhYf lYbghh Ullckg Zcf U kiXYf fUbgY cZ acjYaYbh cjYf U lcbgYf dYficX cZ hiaY kihhib hhY 

kUjY WmWlY (;fUXlYm & AcigYf' -++4%) Bb ghUllckYf kUhYfg' khYb hhY aUliaia fUbgY cZ achicb 

cZ hhY dlUbh ig fYUWhYX' hhY Lhc_Yg XfiZh ibXiWYX WiffYbh' XiY hc bcb libYUf kUjYg' ghfYhWhYg hhY 

dlUbh ib hhY XifYWhicb cZ hhY kUjY dfcdUgUhicb (@UmlcfX Yh Ul)' -++.%' fYXiWibg hhYb hhY UVilihm 

cZ hhY dlUbh hc acjY dUggijYlm kihh hhY kUjYg UbX ibWfYUgibg hhY fYlUhijY jYlcWihm UbX XfUg 

(;fUXlYm & AcigYf' -++4%) ?cllckibg hhY gUaY fYUgcbibg' iZ hhY ZlYliVlY aUWfcdhmhY ig WUdUVlY 

cZ acjibg kihh hhY Zlck' ih WUb YZZYWhijYlm YliaibUhY hhY XfUg UbX hhig aUm bch dfcXiWY 



2. LITERATURE REVIEW 
 

12 
	

gigbiZiWUbh kUjY YbYfgm fYXiWhicb (@UmlcfX Yh Ul)' -++.%) PhYb ghiXmibg hhY achicbg cZ hhY 

dlUbhg kihhib U WUbcdm' chhYf ZUWhcfg giWh Ug hhY dlUbh XighfiVihicb Ulcbg hhY aYUXck' hhY 

WUbcdm XYbgihm cf hhY ibhYfUWhicb VYhkYYb VlUXYg bYYX hc VY hU_Yb ibhc UWWcibh VYWUigY hhYm 

UlhYf hhY fYgdcbgY cZ hhY ZliiX hmXfcXmbUaiWg (?cbgYWU & CUhUlUb' ,44-6 SYllYf Yh Ul)' -+,/%)  

=YgdihY hhY hhYcfYhiWUl UXjUbWYg aUXY ib ibXYfghUbXibg hhY fYlUhijY achicb cZ UeiUhiW 

jYgYhUhicb' ih ig U hcdiW hhUh fYaUibg dccflm ibXYfghccX' dUfhiWilUflm ib U ZiYlX gYhhibg khYfY 

hhYfY ig U fUbgY cZ kUjY hYighhg UbX ZfYeiYbWiYg (;fUXlYm & AcigYf' -++4%) Bb fYgYUfWh' hc 

UWWcibh Zcf Ull hhY ib_bckbg UVcih hhY dlUbh gkUmibg achicb' U Wcaacb dfUWhiWY ig hc 

dUfUaYhYfigY hhY jYgYhUhicb YZZYWhg igibg WcYZZiWiYbhg XYdYbXYbh cb Vchh hmXfcXmbUaiWg UbX 

dhmgiWUl WhUfUWhYfighiWg cZ hhY jYgYhUhicb)  

2.3. ENERGY DISSIPATION DUE TO POSIDONIA OCEANICA 
PUjY YbYfgm XiggidUhicb XiY hc jYgYhUhicb ig U lUfgY-gWUlY dfcWYgg hhUh XYdYbXg cb gaUll-gWUlY 

ibhYfUWhicbg (SYllYf Yh Ul)' -+,/%) MhY hmdY cZ jYgYhUhicb kill WcbXihicb hhY fUhY cZ kUjY 

UhhYbiUhicb6 hhY dhmgiWUl ZYUhifYg XYhYfaibY hhY kUhYf Wcliab hhY dlUbhg cWWidm UbX hhY 

WhUfUWhYf cZ hhY ibXiWYX dlUbh-Zlck achicb khYb hhY cfVihUl jYlcWihiYg UfY UZZYWhYX Vm hhY 

jYgYhUhicb) Bh ig hhYfYZcfY XiZZiWilh hc ZibX U ibieiY kUjY UhhYbiUhicb ZcfailUhicb hc WcjYf Ull 

gdYWiYg (FYbXYn & EcgUXU' -++/6 OUb KccijYb Yh Ul)' -+,1%)  

 

	

Figure	5.	Effect	of	submergence	ratio	under	irregular	waves	on	the	wave	height	decay	coefficient	(Ki)	for	a	density	of	360	
stems/m2	(solid	symbols)	and	a	density	of	180	stems/m2	(open	symbols)	(Manca	et	al.	2012).	
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PUjY YbYfgm XiggidUhicb XiY hc jYgYhUhicb hUg VYYb fYdcfhYX Vm XiZZYfYbh ghiXiYg (=iVi & 

Mcfia' ,44/6 LábWhYn-@cbnálYn Yh Ul)' -+,,6 FUbWU Yh Ul)' -+,-%) ?cf I) cWYUbiWU ib dUfhiWilUf' 

XiZZYfYbh ghiXiYg WUb VY ZcibX ib hhY lihYfUhifY6 acgh cZ hhY kcf_ XcbY ig VUgYX cb ZliaY 

YldYfiaYbhg' Zcf ibghUbWY CUjUllUfc Yh Ul)' (-+,+%' Elgibcn Yh Ul) (-+,,%' LábWhYn-@cbnálYn Yh Ul) 

(-+,,%' FUbWU Yh Ul) (-+,-% cf DcZhig Yh Ul' (-+,.%' UbX jYfm ZYk VUgY hhYif fYgilhg ib ZiYlX XUhU 

cf ghcfa WcbXihicbg (BbZUbhYg Yh Ul)' -+,-6 EihUf Yh Ul)' -+,.%)  

Pihh hhY difdcgY cZ ibhfcXiWibg U dfYliaibUfm VUW_gfcibX UVcih hhY YZZYWhg cZ I) cWYUbiWU cb 

cgWillUhcfm Zlckg' hhig gYWhicb ibWliXYg fYlYjUbh fYgilhg ZcibX ib hhY YldlcfYX lihYfUhifY)  

2.3.1. WAVE HEIGHT DECAY 
PUjY hYighh XYWUm cjYf giVaYfgYX jYgYhUhicb hUg igiUllm VYYb YldfYggYX Ug Ub YldcbYbhiUl 

XYWUm ZibWhicb ( DcVUmUghi Yh Ul)' ,44.6 =iVi & Mcfia' ,44/%5 

	
!(#)
!%

= '()*∆,	 (	1	)	

PhYfY -. ig hhY kUjY XYWUm WcYZZiWiYbh' !(#) ig hhY kUjY hYighh aYUgifYX Ulcbg hhY jYgYhUhicb 

ZiYlX' !% ig hhY kUjY hYighh ib Zfcbh cZ hhY lYUXibg YXgY cZ hhY ZiYlX' UbX ∆# ig hhY gYdUfUhibg 

XighUbWY Zfca hhY YXgY) FUbWU Yh Ul) (-+,-% UbX LábWhYn-@cbnálYn Yh Ul) (-+,,% ZcibX hhUh Zcf 

I) cWYUbiWU kUjY XYWUm hUX U gccX Zih kihh hhig YldcbYbhiUl YldfYggicb (YeiUhicb ( , %%) ;chh 

Uihhcfg ZcibX U ghfcbg lib_ cZ hhY kUjY XYWUm WcYZZiWiYbh (-.) kihh jYgYhUhicb XYbgihm UbX 

giVaYfgYX fUhic (?igifY 0%' hhY lUhhYf XYZibYX Ug hhY fUhic VYhkYYb dlUbh hYighh UbX kUhYf XYdhh) 

:WWcfXibg hc GYdZ (-+,-%' gdUfgY jYgYhUhicb YbhUbWYg gaUll gWUlY bYUf-VYX hifVilYbWY' khilY 

XYbgY gYUgfUgg aYUXckg XYjYlcd acfY hifVilYbWY Vm gYbYfUhibg lUfgYf WUbcdm-gWUlY jcfhiWYg 

hhUh Wcbhfcl hhY YlWhUbgY cZ aUgg UbX acaYbhia VYhkYYb hhY WUbcdm UbX hhY cjYfZlck (?igifY 

1%) EUfgYf gWUlY ZliWhiUhicbg UfY gYYb hc VY acgh YZZYWhijY ib hfUbgZYffibg YbYfgm Zfca hhY aYUb 

achicb ibhc hifVilYbh achicbg (NijhhYkUUl' -+,0%) MhYfYZcfY hhY gYbYfUhicb cZ hhY lUfgY gWUlY 

hifVilYbWY ZliWhiUhicbg cb hcd cZ hhY WUbcdm kill dfcachY acfY YZZiWiYbh YbYfgm XUadibg) Hb 

hhY chhYf hUbX' hhY iadcfhUbWY cZ giVaYfgYX fUhic ig XifYWhlm lib_YX hc kUhYf achicb dYbYhfUhicb 

hhfcigh hhY kUhYf Wcliab6 kihh lUfgYf XYdhhg' kUjY achicb dYbYhfUhYg lYgg hhfcighcih hhY 

kUhYf Wcliab WUigibg lYgg ibhYfUWhicb VYhkYYb hhY kUjY ibXiWYX Zlck UbX hhY aUWfcdhmhY 

(CUjUllUfc Yh Ul)' -+,+%) Bb UXXihicb' ib ghUllckYf kUhYfg' kUjYg ibXiWY lUfgYf dUfhiWlY jYlcWihiYg 

Ulcbg hhY dlUbh ghfidg lYbghh' UbX hhig hhY ibhYfUWhicb VYhkYYb Zlck UbX dlUbh VYWcaYg acfY 

iadcfhUbh) Mhig fYUgcbibg giggYghg hhUh I) cWYUbiWU aighh VY acfY YZZYWhijY Uh XUadibg kUjY 

hYighhg ib ghUllckYf kUhYfg) 
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Figure	6.	(a)	Long	Posidonia	oceanica	leaves	forming	a	dense	meadow.	(b)	Young	Posidonia	oceanica	at	low	stem	density.	
The	lower	pictures	show	the	vertical	(z)	profiles	of	longitudinal	velocity	and	dominant	turbulence	scales	for	(c)	a	sparse	
canopy,	(b)	a	transitional	canopy	and	(e)	a	dense	canopy.	This	pictures	shows	the	different	turbulent	scales	generated	

according	to	density.	(Adapted	from	Nepf	(2012))		

	

Figure	7.	The	upper	figure	shows	the	wave	energy	density	spectra	at	different	locations	specified	at	the	lower	figure,	which	
is	the	schematization	of	a	1:1	scale	flume	experiment.	The	spectra	correspond	to	a	test	with	Tp	=	1.98s,	Hm0	=	0.22m,	

submerged	ratio	of	0.5	and	a	density	of	360	stems/m2.	(Source:	Manca	et	al.	(2012)).	

 

a b 
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2.3.2. WAVE ENERGY ATTENUATION 
PUjY YbYfgm WUb XiggidUhY Uh XiZZYfYbh fUhYg Uacbg hhY XiZZYfYbh gdYWhfUl WcadcbYbhg (FUXgYb' 

,44/%) ?fca U lUfgY ZliaY YldYfiaYbhg kihh U Zill gWUlY acXYl cZ UfhiZiWiUl I) cWYUbiWU gYUgfUgg 

aYUXck ib ghUllck kUhYf' FUbWU Yh Ul) (-+,-% ghckYX hhUh kUjY UhhYbiUhicb ibXYf iffYgilUf 

kUjY WcbXihicbg (CHGLP:I gdYWhfU% cWWifg Uh Ull ZfYeiYbWiYg (?igifY 2%6 acfY UhhYbiUhicb kUg 

ZcibX ib hhY lYUgh YbYfgYhiW kUjY gdYWhfia UbX ih kUg gfYUhYf Zcf hhY dYU_ ZfYeiYbWm) MhY 

Uihhcfg giggYghYX hhUh I) cWYUbiWUpg fYgdcbgY hc gaUllYf kUjYg' Vm VYbXibg jYfm lihhlY cf Vm 

cgWillUhibg Uh U XiZZYfYbh ZfYeiYbWm hhUb hhY kUjYg' aighh WUigY U fYlUhijYlm lUfgYf XiggidUhicb 

hhUb hhY achicb fYgdcbgY ibXYf acfY YbYfgYhiW kUjYg)  

 

 

 
Figure	8.	(a)	.	Qualitative	overview	of	the	flow	pattern	at	the	meadow	scale.	It	is	depicted	how	the	decay	in	wave	height	
along	the	meadow	results	in	a	proportional	decrease	in	the	oscillatory	velocity	fields.	Vertical	mean	current	profiles	(grey	
lines)	are	shown	at	an	upstream,	downstream	and	in	meadow	position.	The	figure	is	not	to	scale.	(Source:	Luhar	et	al.,	

2010).	(b)	Velocity	spectra	averaged	over	all	the	field	data	employed	in	Luhar	et	al,	(2010).	(c)	Estimated	velocity	reduction	
for	every	spectra	component	within	the	canopy.	(Source:	Luhar	et	al.	(2013)).	

 

2.3.3. FLOW REDUCTION WITHIN THE CANOPY  
EckY Yh Ul) (-++2% ZcibX hhUh ibXYf iffYgilUf kUjY WcbXihicbg' kUjY YbYfgm kihhib U acXYl 

WUbcdm cZ figiX WmlibXYfg ig acfY XiggidUhYX Uacbg hhY ghcfhYf dYficX kUjY WcadcbYbhg) EUhYf' 

EihUf Yh Ul) (-+,+% ghckYX hhUh hhig Ulgc hclXg Zcf ZlYliVlY jYgYhUhicb) Bb UWWcfXUbWY' hhY 

YldYfiaYbhg cZ FUbWU Yh Ul) (-+,-% dfYgYbhYX U WlYUf XYWfYUgY ib YbYfgm XiggidUhicb kihh Ub 

ibWfYUgY cZ hhY kUjY cfVihUl UadlihiXY cjYf hhY dUhWh cZ giVaYfgYX jYgYhUhicb) MhY Uihhcfg 

giggYgh hhUh giWh U dhYbcaYbcb aighh VY XiY hhY WUdUWihm cZ gaUll cfVihg hc dYbYhfUhY XYYdYf 

a 
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ibhc hhY WUbcdm hhUb hhcgY kihh lUfgYf cfVihg' lcWUllm gYbYfUhibg acfY hifVilYbWY' UbX hhig acfY 

YbYfgm XiggidUhicb kihhib hhY WUbcdm) CcbgYeiYbhlm' hhY ib-WUbcdm Zlck ghfiWhifY ig WlcgYlm 

lib_YX hc kUjY YbYfgm XiggidUhicb (?igifY 3U%)  

?cf I) cWYUbiWU' EihUf Yh Ul) (-+,.% UbUlmgYX ZiYlX jYlcWihm aYUgifYaYbhg cb hcd cZ hhY WUbcdm 

UbX WcadUfYX hhYa hc aYUgifYaYbhg ibgiXY hhY aYUXck Uh hhY gUaY hiaY UbX lcWUhicb) MhY 

fYgilhg XigdlUm hhUh cb UjYfUgY' cgWillUhcfm jYlcWihiYg kihhib hhY aYUXck kYfY fYXiWYX Vm lYgg 

hhUb .+% fYlUhijY hc jYlcWihiYg UVcjY hhY aYUXck (?igifY 3V%' bch gigbiZiWUbhlm XUadibg hhY 

lcWUl cgWillUhcfm Zlck) LiWh fYXiWhicb kUg ZcibX hc VY fYlUhijYlm WcbghUbh Zcf dYficXg VYhkYYb 

/ UbX ,+ gYWcbXg (?igifY 3W%) 

2.3.4. SUMMARY 
PUjY hYighh XYWUm XiY hc I) cWYUbiWU ig ghfcbglm lib_YX kihh aYUXck XYbgihm UbX giVaYfgYX 

fUhic) EldYfiaYbhg ibXYf WcbhfcllYX kUjY WcbXihicbg ibXiWUhY hhUh ghUllck I) cWYUbiWU aYUXckg 

UfY Ulgc YZZYWhijY Uh fYXiWibg kUjY YbYfgm Uacbg hhY XiZZYfYbh gdYWhfUl WcadcbYbhg' YgdYWiUllm 

ibXYf lck kUjY YbYfgm WcbXihicbg UbX gaUll kUjY UadlihiXYg5 kUjY YbYfgm UhhYbiUhicb 

cWWiffYX Uh Ull ZfYeiYbWiYg cZ hhY kUjY gdYWhfU UbX kUg ghckb hc VY gfYUhYf Uh dYU_ dYficXg 

(FUbWU Yh Ul)' -+,-%) MhY ibWfYUgYX UhhYbiUhicb XiY hc gaUll kUjY UadlihiXYg aighh VY 

ibXiWUhijY cZ U lUfgYf ibhYffidhicb cZ hhY Zlck dUfhiWlYg YlWifgicb Vm hhY dlUbh' hhig WUigibg 

WhUbgYg cZ hhY Zlck-dlUbh fYlUhijY achicb (khiWh YbhUbWYg XiggidUhicb%) :XXibg U lck XUadibg 

cZ lcWUl Zlck kihhib hhY WUbcdm ibXYf cgWillUhcfm WcbXihicbg (fYlUhYX hc kUjY YbYfgm 

XiggidUhicb%' hhY UVilihm cZ I) cWYUbiWU hc cZZYf dfchYWhicb hc hhY WcUgh Zfca kUjY YbYfgm Xifibg 

ghcfag YjYbhg ig bch WlYUf) GcbYhhYlYgg' Vm fYXiWibg hhY cgWillUhcfm Zlckg UbX hfUddibg 

gYXiaYbhg' ih lcWUllm fYXiWYg gYXiaYbh hfUbgdcfh (CUjUllUfc Yh Ul)' -+,+6 FUbWU Yh Ul)' -+,-%) 

2.4. QUANTIFYING WAVE ENERGY DISSIPATION DUE TO 
VEGETATION 

:g kUjYg hfUjYl hhcigh jYgYhUhicb' hhYfY ig kUjY YbYfgm XiggidUhicb khiWh WUb VY eiUbhiZiYX Ug 

hhY kcf_ WUffiYX cih Vm hhY kUjYg cb hhY jYgYhUhicb ZiYlX (FYbXYn & EcgUXU' -++/6 HnYfYb Yh 

Ul)' -+,/6 OUb KccijYb Yh Ul)' -+,0%) Hblm hU_ibg ibhc WcbgiXYfUhicb bcfaUl ibWiXYbh kUjYg UbX 

Uggiaibg bc fYZfUWhicb' ZfiWhicb' cf XiggidUhicb XiY hc kUjY VfYU_ibg' hhY kUjY YbYfgm 

WcbgYfjUhicb YeiUhicb WUb hhYb VY kfihhYb Ug Zcllckg5 

	 /012
/# = −45	 (	2	)	

PhYfY	E fYdfYgYbhg hhY kUjY YbYfgm XYbgihm' cg ig hhY kUjY gfcid jYlcWihm' UbX εv  fYZYfg hc hhY 

hiaY-UjYfUgYX jYgYhUhicb ibXiWYX fUhY cZ YbYfgm XiggidUhicb dYf ibih hcfincbhUl UfYU) : Wcaacb 

UddfcUWh hc WcadihY hhY hiaY-UjYfUgYX kUjY YbYfgm XiggidUhicb ig hc fYdfYgYbh hhY kcf_ WUffiYX 

cih Vm hhY kUjYg cb hhY jYgYhUhicb Vm aYUbg cZ hhY kUjY-ibXiWYX XfUg ZcfWY (Z)i) =UlfmadlY Yh 

Ul)' ,43/6 OUb KccijYb Yh Ul)' -+,0%)  
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45 = ; < = < ><

(?@A?

(?
	 (	3	)	

PhYfY hhY cjYfVUf aYUbg hiaY UjYfUgYX' h ig hhY kUhYf XYdhh' Cℎ ibXiWUhYg hhY jYgYhUhicb hYighh' 

F fYdfYgYbhg hhY hcfincbhUl WcadcbYbh cZ hhY ZcfWY dYf ibih jcliaY UWhibg cb hhY jYgYhUhicb' 

UbX u ig hhY hcfincbhUl jYlcWihm) : Fcfigcb-hmdY YeiUhicb WUb VY igYX hc fYdfYgYbh hhY dlUbh-

ibXiWYX ZcfWY5 

	 ; =
1
2IJKL5M= = 	 (	4	)	

PhYfY ρ ig hhY ZliiX XYbgihm' CD ig hhY XfUg WcYZZiWiYbh' bv	ig hhY dlUbh UfYU dYf ibih lYbghh cZ YUWh 

ghYa' UbX N ig hhY jYgYhUhicb XYbgihm) EeiUhicb ( / % ig jUliX khYb bYglYWhibg hhY dlUbh gkUmibg 

achicb UbX ibYfhiUl ZcfWYg) GcbYhhYlYgg' Vm WcbgiXYfibg U XiZZYfYbh XfUg WcYZZiWiYbh hc WcjYf hhY 

caiggicb cZ hhY dlUbh achicb' hhYgY YeiUhicbg UfY hU_Yb hc VY jUliX Zcf Vchh figiX UbX ZlYliVlY 

dlUbhg (=UlfmadlY Yh Ul)' ,43/%) FYbXYn & EcgUXU (-++/% YlhYbXYX =UlfmadlY Yh Ul) (,43/%pg 

YldfYggicb Zcf hhY hiaY-UjYfUgYX YbYfgm XiggidUhicb hc ibWliXY' bch cblm fYgilUf kUjYg 

dfcdUgUhibg hhfcigh U jYgYhUhicb ZiYlX cb Ub ibiZcfa VYX' Vih Ulgc fUbXca kUjYg cjYf U glcdibg 

VYX5 

	 45 = 	
1

2 R
IJKL5M

ST
2U

V WXYℎV(SCℎ) + 3WXYℎ	(SCℎ)
3S1\WℎV(Sℎ) !]^_

V 	 (	5	)	

PhYfY k ig hhY kUjY biaVYf' I ig Zcf kUhYf XYbgihm' U ig hhY kUjY ZfYeiYbWm' h ig hhY kUhYf 

XYdhh' JK	ig hhY Vil_ XfUg WcYZZiWiYbh UbX Hrms WcffYgdcbXg hc hhY fcch aYUb geiUfY kUjY hYighh) 

2.5. THE DRAG COEFFICIENT 
MhY Vil_ XfUg WcYZZiWiYbh ig Ub YadifiWUl dUfUaYhYf igYX hc eiUbhiZm hhY bYh aYUb fYgighibg ZcfWY 

YlYfhYX UgUibgh hhY kUjYg Vm Ull hhY dlUbhg ib hhY jYgYhUhicb ZiYlX (HnYfYb Yh Ul)' -+,/%) Bh ig 

WcbgiXYfYX hhY aUjcf dUfUaYhYf Wcbhfcllibg gifZUWY kUjY XUadibg Vm jYgYhUhicb WUbcdiYg (FU 

Yh Ul)' -+,.%) :g dcibhYX Vm aUbm Uihhcfg li_Y FU Yh Ul) (-+,.%' Pi Yh Ul) (-+,,% cf FYbXYn & 

EcgUXU (-++/%' hhY hmXfcXmbUaiWg' VicaYWhUbiWUl dfcdYfhiYg UbX dlUbh achicbg WUb Ull UZZYWh 

hhY Vil_ XfUg WcYZZiWiYbh) LcaY ghiXiYg fYlUhY hhY XfUg WcYZZiWiYbh XifYWhlm hc hhY KYmbclXg 

biaVYf (DcVUmUghi Yh Ul)' ,44.6 FYbXYn & EcgUXU' -++/%' XYZibYX Ug Zcllckg5 

	 e' = 	
=fL5
g 	 (	6	)	

PhYfY =f ig U WhUfUWhYfighiW jYlcWihm UWhibg cb hhY dlUbh' XYZibYX Ug hhY aUliaia hcfincbhUl 

jYlcWihm Uh hhY aiXXlY cf hcd cZ hhY jYgYhUhicb ZiYlX' L5 ig U dlUbh dhmgiWUl dUfUaYhYf' igiUllm hhY 

fYdfYgYbhUhijY kiXhh' UbX ν ig hhY _ibYaUhiW jigWcgihm cZ hhY ZliiX) GYdZ (-+,,% YghiaUhYX I) 
cWYUbiWUpg XfUg WcYZZiWiYbhg VUgYX cb hhY KYmbclXg biaVYf fYlUhicb Zfca CifUclc Yh Ul) (-++1%6 

hhY YghiaUhYX XfUg WcYZZiWiYbhg kYfY cZ hhY cfXYf cZ , Zcf KYmbclXg biaVYfg gfYUhYf hhUb -++' 
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UbX jUfiYX Zfca , hc ,+ Zcf gaUllYf jUliYg cZ hhY KYmbclXg biaVYf) MhY lUhYf ibXiWUhYg hhUh Ug 

hhY Zlck jYlcWihiYg ibWfYUgY' hhY XfUg YZZYWh cZ I) cWYUbiWU VYWcaYg gaUllYf) ;YgiXYg' chhYf 

Uihhcfg li_Y FYbXYn & EcgUXU (-++/% cf HnYfYb Yh Ul) (-+,/% ZcibX hhUh hhY XfUg WcYZZiWiYbh 

WUb VY VYhhYf WcffYlUhYX kihh hhY DYilYgUb-CUfdYbhYf (DC% biaVYf' XYZibYX Ug Zcllckg5 

	 -J = 	
=fij
L5

	 (	7	)	

PhYfY ij ig hhY dYU_ dYficX) ?igifY 4 dfYgYbhg XiZZYfYbh fYlUhicbg VYhkYYb hhY XfUg WcYZZiWiYbh 

kihh DC UbX hhY KYmbclXg biaVYf ZcibX ib lihYfUhifY) Mkc cZ hhYgY ZcfailUg kYfY XYfijYX 

gdYWiZiWUllm Zcf I) cWYUbiWU5 

	 JK = 	
22.9
-Jm.%n 			o\p					15 ≤ -J ≤ 425	 (	8	)	

	 JK = 	
106
-Jm.m 			o\p						50 ≤ -J ≤ 550	 (	9	)	

Bb ?igifY 4 ih WUb VY cVgYfjYX hhUh hhY XfUg WcYZZiWiYbh Zcf hhY gUaY KC fUbgY XiZZYf Zfca cbY 

ZcfailU hc UbchhYf) MhY XiZZYfYbh aYhhcXclcgiYg igYX UbX hhY WcbXihicbg hYghYX aighh YldlUib 

hhY XiZZYfYbh VYhkYYb hhY hkc YeiUhicbg5 LábWhYn(@cbnálYn Yh Ul) (-+,,% XYfijYX YeiUhicb ( 3 % 

Zfca gWUlYX (,/-+% ZliaY YldYfiaYbhg kihh UfhiZiWiUl I) cWYUbiWU aYUXckg ib ghUllck kUhYfg' 

khYfYUg EihUf Yh Ul) (-+,.% XYfijYX YeiUhicb ( 4 % VUgYX cb jYlcWihm ZiYlX XUhU ib ibhYfaYXiUhY 

kUhYf ibXYf ghcfa WcbXihicbg)  

 

  
Figure	9.	Drag	coefficient,	CD,	plotted	against	(a)	the	Keulegan-Carpenter	number	and	(b)	the	Reynolds	number.	In	both	

plots,	the	symbols	denote	values	fitted	to	the	measured	velocity	ratios	in	Luhar	et	al.	(2013).	The	errorbars	show	the	typical	
uncertainty	at	the	highest	and	lowest	CD	(Source:	Luhar	et	al.	(2013)).	
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?cf ZlYliVlY jYgYhUhicb' C= jUliYg XYWfYUgY kihh ibWfYUgibg DC5 WcbgiXYfibg ibiZcfa 

jYgYhUhicb (gUaY dhmgiWUl dfcdYfhiYg giWh Ug hYighh cf kiXhh%' lckYf DC WUb VY 

UggcWiUhYX kihh lckYf jYlcWihiYg' hhig ghcfhYf UbX gaUllYf kUjYg' khiWh WUb lYUX hc U 

gkUmibg achicb cZ hhY aUWfcdhmhYg cih cZ dhUgY kihh hhY kUjYg' fYgilhibg ib highYf 
UhhYbiUhicb Vm ibYfhiU ZcfWYg UbX fYlUhijYlm highYf C= jUliYg (HnYfYb Yh Ul)' -+,/%) 

Ei_YkigY' EihUf Yh Ul) (-+,.% Ulgc YldlUib hhUh Zcf ZlYliVlY jYgYhUhicb' hhYfY ig U acfY 

fUdiX XYWfYUgY ib C= jYfgig DC VYWUigY Ug DC ibWfYUgYg' hhY ZlYliVlY gYUgfUgg VlUXYg 

acjY kihh hhY Zlck hc U gfYUhYf XYgfYY (lUfgYf dcfhicb cZ hhY VlUXY acjYg bYUflm 

dUggijYlm kihh hhY Zlck%' khiWh lYUXg hc lYgg XfUg VYibg gYbYfUhYX) AckYjYf' hhYm Ulgc 
highlighh hhUh hhY XfUg WcYZZiWiYbh XcYg bch XYWfYUgY ibXYZibihYlm5 iZ DC fYUWhYg hhY dcibh 

khYfY hhY kUjY YlWifgicb ig lUfgYf hhUb hhY VlUXY lYbghh' gYUgfUgg VlUXYg kill gdYbX 

dUfhg cZ hhY kUjY WmWlY ib U (ghUhicbUfm% VYbh dcghifY' hhYb C= kill bch XYWfYUgY ZifhhYf 

kihh ibWfYUgibg DC) :WWcfXibglm' hhY XmbUaiW bUhifY cZ hhY kUjY(jYgYhUhicb 

ibhYfUWhicb VYWcaYg Ub iadcfhUbh ZUWhcf khYb XYhYfaibibg C= Zcf ZlYliVlY dlUbhg)  
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3 
DATA ANALYSIS 
3.	DATA	ANALYSIS	

3.1. INTRODUCTION 
MhY XUhU ihiligYX Zcf hhig ghiXm ig cVhUibYX Zfca aYUgifYaYbhg WUffiYX cih ib CUlU Fillcf' U 

WcUghUl YaVUmaYbh lcWUhYX ib FUllcfWU' cbY cZ hhY Zcif aUib iglUbXg cZ hhY ;UlYUfiW UfWhidYlUgc 

ib LdUib (?igifY ,+%) MhY ;UlYUfiW BglUbXg UfY Ulacgh YbhifYlm giffcibXYX Vm I) cWYUbiWU 

aYUXckg' khiWh WcadfigY acfY hhUb 0% cZ hhY hchUl FYXihYffUbYUb dlUbh YlhYbgicb-) ;YgiXYg 

Ull hhY gccXg UbX gYfjiWYg UggcWiUhYX kihh gYUgfUgg' I) cWYUbiWU ibhYbgijYlm clmgYbUhYg UbX 

dYfWclUhYg hhY kUhYfg UfcibX hhY iglUbX' gijibg hhYa hhY WhUfUWhYfighiW hfUbgdUfYbWm hmdiWUl cZ 

hhY FYXihYffUbYUb WcUghg.)  

Mhig WhUdhYf ibWliXYg U XYgWfidhicb cZ hhY lcWUhicb khYfY hhY XUhU kUg hU_Yb UbX Ub YldlUbUhicb 

cZ hhY WUadUigb gYhid) GYlh' hhY aYhhcXclcgm igYX hc dfcWYgg hhY fUk XUhU Zfca hhY 

ibghfiaYbhg ig YldlUibYX' ZcllckYX Vm hhY XYgWfidhicb cZ hhY cZZghcfY WcbXihicbg) LiVgYeiYbhlm 

hhY XUhU ig UbUlmgYX) MhY fYgilhg cZ hhY UbUlmgig UfY hhYb XigWiggYX ib hhY lUgh gYWhicb) ?cf U VYhhYf 

ibXYfghUbXibg cZ gcaY cZ hhY iggiYg dfYgYbhYX hYfY' hhY fYUXYf kill VY XifYWhYX hc hhY UddYbXiWYg 

hhfcighcih hhY hYlh) 

3.2. LOCATION AND DATA COLLECTION 
CUlU Fillcf ig lcWUhYX cb hhY bcfhhYUgh giXY cZ FUllcfWU (?igifY ,+%) Bh ig Ub cdYb VUm VUffYX 

VYUWh kihh U lYbghh cZ ,)3 _a UbX U VYUWh kiXhh VYhkYYb .+ UbX .0 a cb UjYfUgY) MhY VYUWh 

hUg bc ZlijiUl ibdihg Zfca hhY iglUbX UbX WcbhibYbhUl gYXiaYbhUhicb ig aibiaUl (Mibhcfé Yh Ul)' 

-++4%) Ei_Y chhYf FYXihYffUbYUb WcUghg' CUlU Fillcf ig kihhib U aiWfchiXUl ZYhWh-liaihYX 

YbjifcbaYbh (CiaYbYn Yh Ul)' -++4%' YldcgYX aUiblm hc ibWcaibg kibX UbX kUjYg Zfca GE hc 

                                                   
2 http://servicios.laverdad.es/nuestratierra/nt16062006/suscr/nec24.htm (last accessed on 20/04/2016) 
3 http://www.illesbalears.es/esp/ibiza/naturaleza2.jsp?SEC=NAT&id=00001898&lang=0001 (last accessed on 
20/04/2016) 
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ELE XifYWhicbg (EXiUfXc BbZUbhYg' -+,,%) FYhYcfclcgiWUl UbX kUjY cVgYfjUhicbg Zfca IiYfhcg 

XYl EghUXc/ ibXiWUhY hhUh kUjYg YlWYYXibg hhY ,a gigbiZiWUbh kUjY hYighh fYUWh hhY VYUWh Xifibg 

cblm U -% cZ hhY XUmg dYf mYUf (Mibhcfé Yh Ul)' -++4%)  

 

 
Figure	10.	Cala	Millor	location.	A:	Mallorca	within	the	Mediterranean	Sea.	B:	Cala	Millor	location,	NE	Mallorca.	C:	Calla	

Millor	aerial	photograph.	The	dark	shadows	on	the	sea	correspond	to	P.	oceanica	meadows.	

 

CUlU Fillcf VUhhmaYhfm kUg cVhUibYX ib -+,/ (LHCB;0% dYfZcfaibg Ub UWcighiW gifjYm kihh U 

ghid acibhYX ;icgcbiWg =E(/+++ YWhc gcibXYf YeiiddYX kihh U -++ _An hfUbgXiWYf) Mhig 

aYhhcX UllckYX gUadlibg ib ibhYfaYXiUhY kUhYf UbX ghUllck XYdhhg id hc UVcih +)0 a) =fm 

VYUWh VUhhmaYhfm XUhU kUg cVhUibYX igibg U KYUl MiaY DibYaUhiW (KMD% gUhYllihY bUjigUhicb) 

MhY fYgilh cZ hhY XUhU WcllYWhicb ig gWUhhYfYX dcibhg ibXiWUhibg dcgihicb UbX XYdhh' khiWh kYfY 

ibhYfdclUhYX Zcf hhig FLW) hhYgig igibg U bUhifUl-bYighVcif aYhhcX ib cfXYf hc cVhUib U ZUif 

UddfcliaUhicb cZ hhY khclY UfYU) MhY VUhhmaYhfm dfYgYbhYX ig gYbYfUllm gacchh kihhcih 

iadcfhUbh ZYUhifYg) MhY Vchhca hmdclcgm cZ hhY ghiXm UfYU ig XcaibUhYX Vm gUbX cb ghUllckYf 

UfYUg (Zfca + hc 1 a kUhYf XYdhh% UbX Vm I) cWYUbiWU aYUXckg Zfca 0 a hhUh WcbhibiY Xckb 

hc .+(.0 a kUhYf XYdhh (?igifY ,,%) MhY liaih VYhkYYb gYUgfUgg UbX gUbX ig bch fYgilUf' 

dfYgYbhibg UfYUg cZ hUfX giVghfUhia cZ XYUX I) cWYUbiWU fhincaYg VYhkYYb / UbX 2 a' khiWh 

WUb VY ibXiWUhijY cZ aYUXck fYgfYggicb (BbZUbhYg' -+,,%)  

                                                   
4
 MhY LhUhY-ckbYX LdUbigh Icfh LmghYa ibWliXYg /1 dcfhg cZ gYbYfUl ibhYfYgh' aUbUgYX Vm -3 Icfh :ihhcfihiYg' khcgY 

WccfXibUhicb UbX YZZiWiYbWm Wcbhfcl WcffYgdcbXg hc hhY gcjYfbaYbh UgYbWm IiYfhcg XYl EghUXc' U VcXm UbgkYfUVlY hc 

hhY Fibighfm cZ IiVliW Pcf_g hhUh ig fYgdcbgiVlY Zcf iadlYaYbhibg hhY gcjYfbaYbh'g dcfh 

dcliWm) hhhd5//kkk)diYfhcg)Yg/Yb(ig/bcgchfcgdiYfhcg/IUgYg/Gcgchfcg)Ugdl (lUgh UWWYggYX -+/+//-+,1% 
5	LHCB; ( LighYaU XpcVgYfjUWió i dfYXiWWió WcghUbYf XY lYg BllYg ;UlYUfg) IUfW ;ih) GUcfhY) FUllcfWU LI:BG)  

MYl5 &+./ 42, /. 44 43) E(aUil5 ibZc9gcWiV)Yg) PYVgihY5 hhhd5//kkk)gcWiV)Yi/8gYWWicb7hcaY	
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MhY ZiYlX aYUgifYaYbhg kYfY hU_Yb cb U WUadUigb Zfca Cilm 2hh hc Cilm -.fX ib -++4) : gYh cZ 

XiZZYfYbh :WcighiW =cddlYf OYlcWiaYhYfg (:=Og' GcfhY_ OYWhcf% kihh ibWcfdcfUhYX dfYggifY 

gYbgcfg kYfY dlUWYX 

dYfdYbXiWilUf hc hhY WcUgh Uh 

XYdhhg hhUh fUbgY Zfca ,2 hc 1)0 

a) MhY aYUgifibg XYjiWYg kYfY 

acibhYX cjYf gUljUbigYX ifcb 

ghfiWhifYg UbX dlUWYX VYhkYYb 3+ 

UbX ,++ Wa UVcjY hhY Vchhca' 

aYUgifibg cb hcd cZ hhY gYUgfUgg 

WUbcdm (BbZUbhYg Yh Ul)' -+,-%) 

MhY :=Og WcllYWhYX hhY 

hmXfcXmbUaiW XUhU Uh U Vifgh 

ibhYfjUl cZ hkc hcifg kihh U Vifgh 

XifUhicb cZ ,0 aibihYg) MhY 

gUadlibg ZfYeiYbWm kUg gYh hc / 

An gc .1++ aYUgifYaYbhg kYfY 

fYWcfXYX Xifibg YUWh Vifgh)  

;YgiXYg' U gYUZlccf-acibhYX 

:WcighiW =cddlYf CiffYbh 

IfcZilYf (:=CI' :UbXYfUU 

K=CI% kUg dlUWYX Uh hhY ZifhhYgh 

cZZghcfY lcWUhicb cZ ,2 a XYdhh) 

MhY :=CI WcbhUibg diYncYlYWhfiW 

hfUbgXiWYfg hc hfUbgaih UbX 

fYWYijY gcibX gigbUlg) MhY kUjY 

hYighh ig YghiaUhYX kihh U jYfhiWUl 

VYUa hhUh aYUgifYg hhY XighUbWY 

hc hhY gYU gifZUWY kihh hhY YWhc 

Zfca ghcfh dilgYg UbX dYU_ 

YghiaUhicb Ulgcfihhag) MhY fUk 

:=CI fUk XUhU kUg bch 

UjUilUVlY Zcf hhig dfcjYWh UbX hhY 

fYWcfXg ihiligYX WcffYgdcbX hc 

dfYjiciglm dfcWYggYX XUhU)  

?fca hYfY cb hhY XiZZYfYbh lcWUhicbg khYfY hhY :=Og kYfY dlUWYX kill VY bUaYX Ug Fccfibgg' 

khiWh UfY biaVYfYX Ug ghckb ib ?igifY ,-)  

Figure	11.	Bottom	typology	of	Cala	Millor.	(Source:	Infantes.,	2011) 
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3.3. METHODOLOGY 
3.3.1. INTRODUCTION 
Mc dfcWYgg fUk XUhU Zfca dfYggifY gYbgcfg lcWUhYX Uh hhY gYU Vchhca' XiZZYfYbh UddfcUWhYg WUb 

VY UddliYX' UbX fYgilhg aUm jUfm XYdYbXibg cb hhY WhcgYb aYhhcXclcgm) ?cf hhig ghiXm' gYjYfUl 

cdhicbg hc hfUbgZcfa dfYggifY XUhU ibhc gifZUWY YlYjUhicb gdYWhfia kYfY ghiXiYX (:ddYbXil ;%) 

CcbgiXYfibg U ghUhicbUfm gihiUhicb UbX U @UiggiUb XighfiVihYX gifZUWY YlYjUhicb' hhY jUfiUbWY 

XYbgihm gdYWhfia WUb dfcjiXY U WcadlYhY ghUhighiWUl XYgWfidhicb cZ hhY kUjYg (AclhhiijgYb' -++2%) 

@ijYb hhY gWcdY cZ hhY dfYgYbh ghiXm' ih kUg XYWiXYX hc ibXYfhU_Y hhY XUhU UbUlmgig Zfca U 

XiZZYfYbh dYfgdYWhijY5 Zifghlm' YjUliUhY hhY hchUl YbYfgm kihhib hhY dfYggifY gdYWhfia' UbX 

gYWcbXlm' UggYgg hhY YbYfgm WcbhUibYX kihhib U bUffck VUbX cZ hhY YbYfgm XYbgihm gdYWhfia 

UfcibX hhY dYU_ ZfYeiYbWm)  

MhYgY UddfcUWhYg kYfY ZcllckYX ib jiYk cZ hhY liaihUhicbg ZcibX ib hhY dfYggifY fYWcfXg) LibWY 

Ull hhY :=Og kYfY dlUWYX ib ibhYfaYXiUhY kUhYfg' hhY aYUgifYaYbhg Zcf highYf ZfYeiYbWiYg kYfY 

dUfhiUllm lcgh Zcf hhY XYYdYf lcWUhicbg) MhY UddliWUVilihm cZ hhY hfUbgZYf ZibWhicb (YeiUhicb ( ,- 

%%' hc hfUbgZcfa hhY dfYggifY gdYWhfia ibhc gifZUWY YlYjUhicb gdYWhfia' bYYXg hc VY liaihYX kihh 

U Wih-cZZ ZfYeiYbWm khiWh XYdYbXg cb hhY kUjY lYbghh UbX hhY kUhYf XYdhh) ?cf hhY cZZghcfY 

Fccfibgg' hhY WcbgiXYfYX Wih-cZZ ZfYeiYbWm kUg cb hhY cfXYf cZ +),0 An (XYdYbXibg cb hhY h/E 

liaih' kihh h kUhYf XYdhh UbX E kUjY lYbghh%) MhY dfYggifY gdYWhfia Uh hhY cbghcfY accfibg 

ghckg hhY dfYgYbWY cZ kUjYg kihh ZfYeiYbWiYg lUfgYf hhUb +),0 An' khiWh kcilX bch VY 

WcbgiXYfYX cb hhY ZUfhhYgh cZZghcfY accfibg XiY hc hhY Wih-cZZ ZfYeiYbWm UddliWUhicb) AckYjYf' 

ih WcilX VY fYZlYWhYX ib hhY gifZUWY YlYjUhicb gdYWhfia cZ hhY Fccfibgg WlcgYf hc hhY ghcfY) MhY 

aigaUhWh cZ hhY fYgilhg Uacbg accfibgg ig UjciXYX Vm igibg hhY dfcWYXifYg aYbhicbYX UVcjY) 

?cf ZifhhYf ibZcfaUhicb UVcih hhY iadliWUhicbg cZ Uddlmibg U Wih-cZZ ZfYeiYbWm gdYWhfia 

hfUbgZcfaUhicb' gYY :ddYbXil ;) 

MhY Zifgh UddfcUWh WcadlYhYlm UjciXg hhY ibWYfhUibhm UggcWiUhYX kihh hhY WcbjYfgicb Zfca 

dfYggifY XYbgihm gdYWhfia hc gifZUWY YlYjUhicb XYbgihm gdYWhfia) Hb hhY chhYf hUbX' XYgdihY hhY 

Figure	12.	Schematization	of	the	measuring	campaign	setup	and	the	utilised	Moorings	numbering.	In	Mooring	4	two	ADVs	are	
depicted	but	the	downward	ADV	data	is	disregarded	in	the	analysis.	In	Mooring	1	the	instrument	with	the	yellow	cap	represents	

the	ADCP.	Vegetation	is	purely	schematised	and	the	picture	is	not	in	scale.	(Source:	Eduardo	Infantes) 

M1 

M2 
M3 

M4 M5 
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ZUWh hhUh lcc_ibg Uh hhY YbYfgm cZ hhY gifZUWY YlYjUhicb gdYWhfia XifYWhlm iadliYg Uddlmibg hhY 

hfUbgZYf ZibWhicb hc hhY dfYggifY XYbgihm gdYWhfia' hhY ibWYfhUibhiYg fYlUhYX hc hhY Wih-cZZ 

ZfYeiYbWm WUb li_YkigY VY dfYjYbhYX Zcf hhY gYWcbX UddfcUWh Ug lcbg Ug hhY ghiXiYX ZfYeiYbWm 

VUbX ig bch ibZliYbWYX Vm hhY Wih-cZZ ZfYeiYbWm (i)Y) hhY Wih-cZZ ZfYeiYbWm ig highYf hc hhY 

ZfYeiYbWiYg WcbhUibYX kihhib hhY VUbX%)  

3.3.2. TRANSFORM RAW DATA INTO PRESSURE DENSITY SPECTRUM 
CcbgiXYfibg YjYfm hciflm Vifgh Ug U ghUhicbUfm gigbUl' hhY dfYggifY hiaY gYfiYg cVhUibYX kihh hhY 

:=Og kYfY hfUbgZcfaYX ibhc hhY dfYggifY XYbgihm gdYWhfU) MhY hfUbgZcfaUhicb kUg XcbY Zcf 

YjYfm Vifgh cZ YjYfm ibghfiaYbh gYdUfUhYlm' igibg PYlWh’g aYhhcX Zcf VUbX UjYfUgibg UbX 

Uddlmibg AUbb kibXckg kihh U 0+% cjYflUd) ;YWUigY UhacgdhYfiW UbX hmXfcXmbUaiWg 

WcbXihicbg aighh jUfm giVghUbhiUllm kihhib hhY Vifgh ibhYfjUl (- hcifg%' YUWh dfYggifY gdYWhfia 

ghcilX VY YjUliUhYX ibXYdYbXYbhlm) 

Bb cfXYf hc cVhUib U aYUgifUVlY UbX WcadUfUVlY dUfUaYhYf Zfca hhY dfYggifY XYbgihm gdYWhfia' 

hhY ibhYgfUhYX jUfiUbWY' cf nYfchh-cfXYf acaYbh' kUg WUlWilUhYX Zcf YjYfm gdYWhfia Ug Zcllckg5 

	
w%,jj = yjj o >o

z{|}

%
	 (	10	)	

PhYfY yjj ig hhY dfYggifY XYbgihm gdYWhfia UbX w%,jj ig hhY nYfchh(cfXYf acaYbh fYdfYgYbhibg 

hhY hchUl YbYfgm kihhib hhY dfYggifY gdYWhfia) o ghUbXg Zcf ZfYeiYbWm UbX ô ~, ig hhY aUliaia 

ZfYeiYbWm YadlcmYX (+). An%)  

3.3.3. FROM PRESSURE DENSITY SPECTRUM TO VARIANCE DENSITY SPECTRUM 
Mc hfUbgZcfa hhY dfYggifY XYbgihm gdYWhfia ibhc U jUfiUbWY XYbgihm gdYWhfia' U dfYggifY hfUbgZYf 

ZibWhicb XYfijYX Zfca hhY kUjY dfYggifY fYlUhicbghid cZ libYUf kUjY hhYcfm kUg UddliYX) MhY 

hfUbgZYf ZibWhicb Wcbgighg cZ U dfYggifY fYgdcbgY ZUWhcf (-j% geiUfYX hc UWWcibh Zcf kUjY 

ibXiWYX dfYggifY ZliWhiUhicbg (:ddYbXil :%5  

	
y�� =

yjj
-jÄ

	 (	11	) 

	
-j = 	

1\Wℎ(S<)
1\Wℎ(Sℎ)	

(	12	)	

PhYfY y�� ig hhY jUfiUbWY XYbgihm gdYWhfia UbX yjj ig dfYggifY XYbgihm gdYWhfia) MhY lUhhYf WUb 

VY igYX hc cVhUib Ub YghiaUhY cZ hhY kUjY biaVYf (S% kihh hhY XigdYfgicb fYlUhicb Zfca libYUf 

kUjY hhYcfm) MhY kUhYf XYdhh Uh khiWh hhY aYUgifYaYbhg UfY WcllYWhYX ig fYdfYgYbhYX Vm ℎ' UbX 

< ig hhY dfYggifY gYbgcf hYighh UVcjY hhY fYZYfYbWY lYjYl) EeiUhicbg ( ,, % UbX ( ,- % UfY gcljYX 

Zcf YUWh XigWfYhY ZfYeiYbWm cZ hhY dfYggifY gdYWhfia yjj) Pihh XYYd kUhYf kUjY Vifghg YlWliXYX' 

hhY hfUbgZYf ZibWhicb dfcjiXYg U gccX YghiaUhicb cb gigbiZiWUbh kUjY hYighh (ChYbg(AUb Yh Ul)' 

-++0%) AYfY' hhY hhfYghclX hc XYliaihUhY hhY gfckhh cZ hhY hfUbgZYf ZibWhicb ib high ZfYeiYbWiYg 
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kUg gYh hc hUlZ cZ hhY XYYd kUhYf kUjY liaih (h/L	=	0.25%) PhYb hhY liaih ig fYUWhYX' hhY hfUbgZYf 

ZibWhicb jUliY kUg _Ydh WcbghUbh5 

	 -j o = -j o 			o\p	o < of 	 (	13	) 

	 -j o = -j of 			o\p	o ≥ of 	 (	14	)	

PhYfY fÜ ig hhY Wih-cZZ ZfYeiYbWm' khiWh XYdYbXg cb kUhYf XYdhh UbX kUjY lYbghh Ug ghUhYX 

dfYjiciglm (:ddYbXil ;%) 

:b YeiijUlYbh WUlWilUhicb hc hhUh cZ hhY dfYggifY gdYWhfia nYfchh(cfXYf acaYbh kUg WUffiYX 

cih hc gYh hhY YbYfgm Zfca hhY jUfiUbWY XYbgihm gdYWhfia kihhib U ZfYeiYbWm VUbX UfcibX hhY 

dYU_ dYficX5 

	
w%,�� = y�� o >o

zá@∆z

zá(∆z
	 (	15	)	

PhYfY y�� ig hhY jUfiUbWY XYbgihm gdYWhfia' UbX w%,�� ig hhY nYfchh(cfXYf acaYbh fYdfYgYbhibg 

hhY YbYfgm WcbhUibYX VYhkYYb oj ± ∆o ' kihh oj fYZYffibg hc hhY dYU_ ZfYeiYbWm cZ YjYfm 

ibXijiXiUl gdYWhfia) MhYgY dUfUaYhYfg kYfY YjUliUhYX Zcf U hchUl VUbX kiXhh cZ +)+-2 An' i)Y) 

∆o = 	 m
âä
	Hz) ?igifY ,. dfYgYbhg UbX YlUadlY (,/hh Cilm +35++% cZ hhY hfUbgZcfaUhicb ibhc 

gifZUWY YlYjUhicb gdYWhfU UbX hhY kiXhh cZ hhY VUbX UbUlmgYX5 hhY lYZh ZigifY ghckg hhY dfYggifY 

XYbgihm gdYWhfia Zcf YjYfm Fccfibg khiWh ig hfUbgZcfaYX ibhc hhY WcffYgdcbXibg gifZUWY 

YlYjUhicb gdYWhfia ib hhY fighh ZigifY) : acfY XYhUilYX YldlUbUhicb cZ hhY hfUbgZcfaUhicb WUb 

VY ZcibX ib :ddYbXil ;) 

 

 
Figure	13.	Pressure	density	spectrum	(left)	and	variance	density	spectrum	(right)	after	the	transformation	for	all	the	

Moorings	(14th	July	at	08:00).	The	red	dotted	line	indicates	where	the	peak	frequency	is	located	and	the	black	dashed	lines	
are	the	limits	of	the	frequency	band	considered	for	the	calculation	of	m0,nn.	
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3.4. OFFSHORE WAVE CONDITIONS 
CUlU Fillcf kUg YldcgYX hc jUficig YbYfgYhiW YjYbhg Xifibg hhY aYUgifibg dYficX) Mkc cZ hhYa 

YlWYYXYX , a gigbiZiWUbh kUjY hYighh UWWcfXibg hc hhY dfcWYggYX XUhU Zfca hhY :=CI (?igifY 

,/%) MhYgY hkc high YbYfgm YjYbhg kill VY fYZYffYX hc hYfY Ug Zifgh ghcfa UbX gYWcbX ghcfa 

fYgdYWhijYlm) MhY highYgh gigbiZiWUbh kUjY hYighh Zcf hhY Zifgh ghcfa ig fYWcfXYX cb hhY ,.hh cZ 

Cilm Uh -+5++' UbX hhY UbUlcgcig Zcf hhY gYWcbX ghcfa ig ZcibX cb hhY ,3hh cZ Cilm Uh /5++) 

?igifY ,0 ghckg hhY dfYggifY XYbgihm gdYWhfia cVhUibYX Zcf Vchh XUhYg) MhY Zifgh ghcfa gdYWhfia 

fYgYaVlYg U ViacXUl gdYWhfia' WcbhUibibg hkc aUib YbYfgm dYU_g Uh hkc XiZZYfYbh ZfYeiYbWiYg 

(+),/ UbX +),2 An%) Bb WcbhfUgh' hhY gYWcbX ghcfa dfYggifY gdYWhfia dfYgYbhg U kiXYf gdYWhfia 

kihh U XcaibUhibg ZfYeiYbWm UbX U lcbg hUil cb hhY highYf ZfYeiYbWiYg6 hhig hmdY cZ gdYWhfia 

hhUh WcbhUibg YbYfgm ib U kiXYgdfYUX fUbgY cZ ZfYeiYbWiYg ig ibXiWUhijY cZ jYfm iffYgilUf gYU 

ghUhYg)  

 

 

 

 

	

Figure	15.	Pressure	density	spectrum,	obtained	with	the	ADV	at	Mooring	1,	for	the	moment	with	the	highest	wave	height	for	
storm	1	and	storm	2.	

Figure	14.	wave	heights	according	to	ADCP	at	17	m	depth. 
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?cf hhY Zifgh ghcfa' hhY dYU_ ZfYeiYbWm cgWillUhYg UfcibX +),- UbX +),0 An' WcffYgdcbXibg hc 

dYU_ dYficXg VYhkYYb 1 UbX 3 gYWcbXg) =UhU Zfca U LBF:K1 dcibh (?igifY ,1% WlcgY hc CUlU 

Fillcf ibXiWUhYg U dfYjUilibg aUib kUjY ibWiXYbh UbglY cZ ,,+o (gmghYa5 WlcW_kigY kihh +o YeiUl 

hc bUihiWUl Gcfhh%) PibX ibZcfaUhicb Zfca hhY gUaY dcibh acXYllYX kibXg gdYYXg XYWfYUgibg 

Zfca 3 hc 0 a/g Wcaibg Zfca hhY E UbX LE ibhil hhY ,/hh cZ Cilm) :ZhYfkUfXg hhY aYUb kibX 

gdYYX XYWfYUgYg Xckb hc - a/g) 

 

   
Figure	16.	Mallorca's	nautical	chart.	The	SIMAR	point	is	illustrated	with	a	red	dot.	

 

MhY gYWcbX ghcfa dfYgYbhg U aYUb kUjY UddfcUWh UbglY cZ -+o hc .+o UWWcfXibg hc hhY gUaY 

LBF:K dcibh) ;YgiXYg' kibX fYWcfXg ghck ghfcbg kibXg kihh U aYUb kUjY gdYYX hhUh ZliWhiUhYg 

UfcibX ,+ a/g Uh hhY ghUfh cZ hhY ghcfa) Lhfcbg lcWUl kibXg WUb gYbYfUhY kUjYg Vm Uif-dfYggifY 

ZliWhiUhicbg Uh hhY gYU gifZUWY' khiWh UfY aUiblm U WcbgYeiYbWY cZ kUjY-ibXiWYX jUfiUhicbg ib 

hhY UifZlck UVcjY hhY kUjYg (AclhhiijgYb' -++2%) MhY lcWUllm kibX gYbYfUhYX kUjYg UfY ghcfh 

dYficX kUjYg khiWh UfY fUfYlm WUdhifYX Vm hhY dfYggifY gYbgcf Uh XYYd kUhYf (:ddYbXil :%) ?cf 

giadliWihm UbX hc UjciX hhY dchYbhiUl ib_bckb dfcWYggYg bch fYZlYWhYX ib hhY dfYggifY XYbgihm 

gdYWhfia' hhY Zcllckibg XUhU UbUlmgig kill VY WUffiYX cih gclYlm Zcf hhY Zifgh ghcfa)  

 

                                                   
6	LBF:K dcibhg UfY gYlYWhYX dcibhg Ull UfcibX LdUib hhUh WcbhUib hiaY gYfiYg cZ UhacgdhYfiW UbX cWYUbcgfUdhiW 

dUfUaYhYfg cVhUibYX hhfcigh biaYfiWUl acXYllibg) MhYfYZcfY' UfY WcadihYf giailUhYX dUfUaYhYfg UbX bch XifYWh 

aYUgifYg Zfca bUhifY) hhhd5//WUlidgc)diYfhcg)Yg/;=/ibZcfaYg/BGMTLBF:K)dXZ (lUgh UWWYggYX ,1/+0/-+,1%) 

Mc gYbYfUhY hhY kUjY ZiYlX' hhY biaYfiWUl acXYl P:F ig ihiligYX) =iY hc hhY acXYl fYgclihicb YadlcmYX' hhY 

Vchhca YZZYWhg cb hhY kUjY ZiYlX WUb VY WcbgiXYfYX bYgligiVlY' hhYfYZcfY Zcf U dfUWhiWUl igY' hhY kUjY XUhU ghcilX 

UlkUmg VY ibhYfdfYhYX Ug cdYb kUhYf XUhU kihh ibXYZibYX XYdhhg hhhd5//WUlidgc)diYfhcg)Yg//;=/ibZcfaYg/BGMT3)dXZ 

(lUgh UWWYggYX5 +3/+1/-+,1%)	
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3.5. ENERGY EVOLUTION OVER POSIDONIA OCEANICA 
3.5.1. POWER SPECTRA EVOLUTION 
Pihh hhY Uia cZ UbUlmgibg hhY YZZYWh cZ I) cWYUbiWU cb hhY kUjY YbYfgm' hhY Yjclihicb cZ hhY 

WUlWilUhYX nYfchh(cfXYf acaYbh Zcf hhY XiZZYfYbh Fccfibgg kUg UbUlmgYX) ?igifY ,2 ghckg hhY 

Wfcgg-ghcfY jUfiUVilihm cZ hhY ibhYgfUhYX dfYggifY jUfiUbWY Ug U ZibWhicb cZ hiaY Zcf hhY Zifgh 

ghcfa) MhY nYfchh(cfXYf acaYbh Wfcgg-ghcfY Yjclihicb XcYg bch Zcllck U ibieiY hfYbX Zcf Ull 

hhY hiaY ghYdg) AckYjYf' hhY gYbYfUl dUhhYfb ig Ub ibWfYUgY cZ nYfchh(cfXYf acaYbh Zfca hhY 

XYYdYgh Fccfibg hc hhY acgh cbghcfY cbYg)  

 

 

3.5.2. PEAK PERIOD ENERGY 
Pihh hhY difdcgY cZ UbUlmgibg hhY Wfcgg-ghcfY VYhUjicif Zcf hhY dYU_ dYficXg' U acfY XYhUilYX 

UbUlmgig kUg UddliYX hc hhY XiZZYfYbh jUfiUbWY XYbgihm gdYWhfia) MhY Vifghg gYlYWhYX Zcf hhY 

UbUlmgig UfY hhcgY khcgY ZfYeiYbWm VUbX UfcibX hhY dYU_ ZfYeiYbWm ig bch XighifVYX Vm hhY Wih-

cZZ ZfYeiYbWm) MUVlY , dfYgYbhg hhY Vifghg gYlYWhYX Zcf hhY UbUlmgig kihh hhY WcffYgdcbXibg XUhY' 

dYU_ dYficX UbX !^%,zj ' khiWh ig hhY WcffYgdcbXibg gigbiZiWUbh kUjY hYighh cZ hhY bUffck VUbX 

UfcibX hhY dYU_ ZfYeiYbWm XYZibYX Ug Zcllckg5 

	 !^%,zj = 4 w%,�� 	 (	16	)	

PhYfY w%,��	ig XYZibYX UWWcfXibg hc YeiUhicb ( ,0 %) MhY fYgilhg cZ hhY gYWcbX UbUlmgig UfY ghckb 

ib ?igifY ,3) MhY VliY libY ib ?igifY ,3 fYdfYgYbhg hhY hhYcfYhiWUl VYhUjicif cZ hhY kUjYg iZ 

WcbgiXYfibg bc XiggidUhicb5 

	
/w%,��12

/# = 0	 (	17	)	

PhYfY cå ig hhY gfcid jYlcWihm UWWcfXibg hc libYUf kUjY hhYcfm) MhYgY hhYcfYhiWUl jUliYg kYfY 

cVhUibYX kihh hhY WcbXihicbg Uh Fccfibg , Ug fYZYfYbWY) ?cf hhY WhUbgY ib kUhYf XYdhh' hhY 

VUhhmaYhfm XUhU Zfca CUlU Fillcf kUg igYX (gYWhicb .)-)%) 

Date (2009)
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Figure	17.	Integrated	pressure	variance	as	a	function	of	time	for	every	Mooring. 
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Table	1.	Selected	burst	for	the	peak	period	data	analysis	

Burst Date Tp Hm0,fp 

16 14/07 08:00 7.5 0.61 

17 14/07 10:00 7.1 0.52 

18 14/07 12:00 7.9 0.51 

19 14/07 14:00 7.9 0.55 

20 14/07 16:00 7.9 0.62 

21 14/07 18:00 7.9 0.46 

22 14/07 20:00 7.5 0.51 

24 15/07 00:00 7.1 0.52 

25 15/07 02:00 7.5 0.47 

26 15/07 04:00 7.9 0.52 

27 15/07 06:00 7.5 0.35 

28 15/07 08:00 7.1 0.30 

29 15/07 10:00 7.5 0.29 

30 15/07 12:00 7.1 0.32 
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:h Zifgh glUbWY ih WUb VY gYYb hhUh hhY VliY YbYfgm WcbgYfjUhicb libY dfYgYbhg acfY YbYfgm hhUb 

hhY fYWcfXYX Vm hhY :=O ibghfiaYbhg) :XXihicbUllm' hhY bcfaUligYX w%,�� XYWfYUgYg jigiVlm ib 

YjYfm Fccfibg Ug kY acjY Zfca Fccfibg , hc 0) :lhhcigh hhY aYbhicbYX VYhUjicif ig ghUfYX 

Vm Ull hhY gYlYWhYX WUgYg' hhY XYWlibY ib w%,�� Zcf hhY XiZZYfYbh Fccfibgg kihh fYgdYWh hc Fccfibg 

, jUfiYg Zcf hhY XiZZYfYbh Vifghg) ?cf ibghUbWY' Fccfibg - cb hhY ,/hh cZ Cilm Uh +35++ UbX cb hhY 

,0hh cZ Cilm Uh ++5++ dfYgYbhg dfUWhiWUllm bc jUfiUhicb' khYfYUg Zcf hhY chhYf Vifghg hhYfY ig U 

jUfiUhicb VYhkYYb hhY ,+ UbX hhY 0+%) LUaY hUddYbg iZ kY lcc_ Uh Fccfibg .' - cf ,5 hhY 

XiZZYfYbWY ib  w%,�� cgWillUhYg UfcibX hhY .+' /+ UbX 0+% cZ hhY w%,�� jUliY cZ Fccfibg ,) 

=iY hc hhY XiZZYfYbWYg VYhkYYb hhY fYgilhg dfYgYbhYX ib ?igifY ,3' U gYWcbX YjUliUhicb cZ hhY 

XUhU hc ZifhhYf XigWfiaibUhY dcggiVlY hfYbXg kUg aUXY) Mc VYhhYf eiUbhiZm hhY XiggidUhicb 

VYhkYYb Fccfibgg U XiggidUhicb fUhY kUg XYZibYX Ug Zcllckg5 

	 45,zj = 	IT
/w%,jj12

/# 	 (	18	)	

PhYfY 45,zj ' hhY XiggidUhicb fUhY' ig hhY jUfiUhicb ib YbYfgm Zlil dYf ibih WfYgh lYbghh dYf XighUbWY 

ib hhY Wfcgg-ghcfY XifYWhicb) Bb YeiUhicb ( ,3 % hhY XiggidUhicb fUhY ig XYZibYX Ug U XYfijUhijY 

cZ U Wcbhibicig jUfiUVlY) Bb dfUWhiWY' hhig XiggidUhicb fUhY VYhkYYb hkc giWWYggijY 

Fccfibgg kUg WUlWilUhYX UWWcfXibg hc hhY Zcllckibg YeiUhicb5 

	 45,zjç.→ç.@m = 	IT(
w%,jjè*êë12è*êë − w%,jjè*12ç.

#ç.@m −	#ç.
)	 (	19	)	

PhYfY # ig hhY Wfcgs-ghcfY dcgihicb' UbX hhY giVibXYl i XYbchYg hhY Fccfibg biaVYf) MhY 

XiggidUhicb fUhY ig XYZibYX Ug U bYgUhijY lcgg5 hhY lUfgYf hhY bYgUhijY biaVYf' hhY acfY XiggidUhicb 

ig YldYfiYbWYX VYhkYYb Fccfibgg) ?igifY ,3 ig U Vcl dlch hhUh ghckg hhY fYgilhg cVhUibYX kihh 

YeiUhicb ( ,4 %) MhY XiggidUhicb fUhY cb UjYfUgY fYaUibg dfUWhiWUllm WcbghUbh ib hhY XYYdYgh 

lcWUhicbg' kihh U aYXiUb jUliY cZ (+)// C/g/a- Zfca Fccfibg , hc Fccfibg - UbX U aYXiUb 

jUliY cZ (+)/4 C/g/a- Zfca Fccfibg - hc Fccfibg .) :b iadcfhUbh ibWfYUgY ib hhY XiggidUhicb 

fUhY ig cVgYfjYX Zfca Fccfibg . hc Fccfibg /' khYfY hhY aYXiUb jUliY cZ XiggidUhicb fUhY ig (

+)30 C/g/a-' khiWh ig Ulacgh hhY XciVlY ib XiggidUhicb fUhY) Bb WcbhfUgh' hhY aYXiUb jUliY cZ 

XiggidUhicb fUhY YldYfiYbWYX Zfca Fccfibg / hc 0 fYXiWYg hc (+)-. C/g/a-' khiWh ig hUlZ cZ hhY 

XiggidUhicb fUhY ZcibX cb hhY acgh cZZghcfY lcWUhicbg)  

:XXihicbUllm' hhY hchUl XiggidUhicb fUhY Zfca Fccfibg , hc Fccfibg 0 kUg WcadUfYX hc hhY acgh 

cZZghcfY w%,�� kihh hhY Uia cZ ZibXibg U WcffYlUhicb VYhkYYb hhYgY hkc jUfiUVlYg) Mhig hchUl 

XiggidUhicb fUhY kUg WUlWilUhYX giailUflm hc YeiUhicb ( ,4 %5 

	 45,zjçm→çä = 	IT(
w%,jjèí12èí − w%,jjèë12çm

#çä −	#çm
)	 (	20	)	

?igifY -+ ghckg hhY XYWfYUgibg w%,�� cb hhY l Ulig UbX hhY ibWfYUgibg XiggidUhicb fUhY cb hhY m 

Ulig5 hhY Vifghg kihh lUfgYf nYfchh(cfXYf acaYbh ghck hhY gfYUhYf XiggidUhicb fUhY' UbX 

WcbjYfgYlm' hhY Vifghg kihh lYgg YbYfgm WcbhUibYX kihhib hhY bUffck VUbX UfcibX hhY dYU_ 
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ZfYeiYbWm dfYgYbh hhY lYggYf Uacibh cZ XiggidUhicb fUhY) MhY gUaY WhYW_ kUg aUXY Zcf hhY dYU_ 

dYficXg (?igifY -,%) 

 

 

	Figure	18.	Normalised	energy	contained	within	a	narrow	energy	band	around	the	peak	frequency	against	water	depth.	The	
blue	line	corresponds	to	the	theoretical	behaviour	of	m0,ìì		for	such	band	from	Mooring	1	considering	energy	conservation	

with	no	dissipation	(shoaling).	The	black	dots	represent	the	results	from	the	ADV	data	and	the	dashed	orange	lines	
correspond	to	a	15%	error	associated	with	the	pressure	sensor	records.		

 

	

Figure	19.	Box	plot	computed	with	the	selected	burst	whose	narrow	band	around	the	peak	frequency	was	not	affected	by	
the	cut-off	frequency.	The	vertical	axis	represents	the	dissipation	rate	in	J/s/m2.	The	blue	box	lower	and	upper	boundary	
lines	represent	the	25%	and	75%	quantile	of	the	data	and	the	red	line	is	the	median.	The	two	vertical	lines	extending	from	
the	central	box	are	the	remaining	data	outside	the	blue	box	and	extend	maximum	to	3/2	times	the	height	of	the	central	box	

but	not	past	the	range	of	the	data.	An	outlier	is	represented	with	a	red	cross.	

 



3. DATA ANALYSIS 

33 
	

 

Figure	20.	Total	dissipation	rate	(from	Mooring	1	to	5)	as	a	function	of	the	energy	contained	within	the	narrow	band	around	
the	peak	frequency	in	Mooring	1.	The	14	dots	are	the	bursts	selected	for	the	analysis.	Notice	the	x-axis	goes	from	more	to	

less.		

 

 

Figure	21.	Total	dissipation	rate	(from	Mooring	1	to	5)	as	a	function	of	the	peak	period.	The	14	dots	the	14	bursts	selected	
for	the	analysis	

 

3.6. DISCUSSION 
=ifibg hhY aYUgifibg WUadUigb' highlm YbYfgYhiW YjYbhg kYfY WUdhifYX) MhY lYgg YbYfgYhiW YjYbhg 

fYWcfXg kYfY bch WcbgiXYfYX ihiligUVlY Zcf hhY UbUlmgig VYWUigY cZ hhY lck fYliUVilihm cZ hhY 

aYUgifYaYbhg UggcWiUhYX kihh ibghfiaYbh UWWifUWm) MhYfYZcfY' ih ig bch dcggiVlY hc XigWfiaibUhY 

hhY XiZZYfYbWY VYhkYYb XiggidUhicb Zcf WUla UbX ghcfa WcbXihicbg) 

: dfYliaibUfm UbUlmgig kihh dfYggifY XYbgihm gdYWhfia kUg WUffiYX cih) MhY fYgilhg ghck hhUh 

hhY ibhYgfUhYX dfYggifY jUfiUbWY ibWfYUgYg ib hhY Wfcgg-ghcfY XifYWhicb) LiWh ibWfYUgY ig bch 

ibXiWUhijY cZ Ub ibhYbgiZiWUhicb cZ hhY kUjY YbYfgm Uh hhY gifZUWY) Bb ZUWh' ih WUb VY fYlUhYX hc hhY 

bUhifY cZ hhY aYUgifYaYbhg UbX hc dfYggifY gYbgcf XYdhh-ZfYeiYbWm liaihUhicbg (:ddYbXil :%) 

:g kY acjY XckbkUfXg hhY kUhYf Wcliab' hhY YbYfgm fYWcfXYX Vm hhY ibghfiaYbh ig acfY 

UhhYbiUhYX' WcbgYeiYbhlm hhY dfYggifY gdYWhfia cVhUibYX Zfca hhY XYYdYgh Fccfibgg kill 

WcbhUib kYU_Yf fYWcfXg) FcfYcjYf' highYf ZfYeiYbWm kUjYg hhUh aighh bch fYUWh hhY Vchhca Uh 

U XYYdYf lcWUhicb WUb VYWcaY bchiWYUVlY cb ghUllckYf kUhYfg6 hhY dfYggifY gdYWhfia ghUdY cb 

highYf ZfYeiYbWm aighh YldYfiYbWY U gfckhh cb hhY acgh cbghcfY Fccfibgg) :b YlUadlY cZ 

giWh dhYbcaYbcb WUb VY gYYb ib ?igifY --' khYfY WcadUfYX hc hhY chhYf Fccfibgg' Fccfibg 

0 dfYggifY XYbgihm gdYWhfia dfYgYbhg WcbgiXYfUVlm acfY YbYfgm cb highYf ZfYeiYbWiYg (Zfca +),0 
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hc +)-0 An%) :lhcgYhhYf aU_Yg ih XiZZiWilh hc XigWfiaibUhY iZ hhYfY ig XiggidUhicb XiY hc hhY 

dfYgYbWY cZ I) cWYUbiWU Zcf hhY khclY fUbgY cZ ZfYeiYbWiYg kihhib hhY gdYWhfia)  

 
Figure	22.	Pressure	density	spectrum	evolution	from	Mooring	1	to	Mooring	5	for	the	14th	of	July	at	12:00.	It	can	be	observed	

an	energy	growth	on	higher	frequencies	from	the	deepest	Mooring	to	the	most	onshore	one.	

FUbWU Yh Ul) (-+,-% ghckYX hhUh Uacbg Ull hhY ZfYeiYbWiYg kihhib hhY gdYWhfia' hhY dYU_ 

ZfYeiYbWm UlkUmg YldYfiYbWYX acfY XiggidUhicb) ;UgYX cb hhig ZibXibg' hhY gYWcbX UbUlmgig 

ZcWigYX cb hhY YbYfgm Uh hhY dYU_ ZfYeiYbWm' khiWh ig bch fYdfYgYbhUhijY cZ hhY YbhifY gYU ghUhY 

Vih WUb dfcjiXY fYUgcbUVlY fYgilhg cb kUjY YbYfgm XiggidUhicb XiY hc I) cWYUbiWU) Mhig gYWcbX 

UbUlmgig gYfjYX hc WcbhfUgh hhY YbYfgm XiggidUhicb ib acfY XYhUil5 

;m lcc_ibg Uh ?igifY ,3 ih WUb VY gYYb hck hhY gUaY Fccfibg dfYgYbhg XiZZYfYbh jUliYg cZ w%,��   

XYdYbXibg cb hhY XUhY) Elgibcn Yh Ul) (-+,,%' khc dYfZcfaYX U ,5,+ gWUlYX ZliaY YldYfiaYbh 

kihh UfhiZiWiUl I) cWYUbiWU ibXYf ghcfa WcbXihicbg' Ulgc cVhUibYX fYgilhg khYfY kUjY YbYfgm 

XiggidUhicb WcilX XiZZYf VYhkYYb ,, UbX /+% Uacbg hYghg) Mhig jUfiUVilihm ghcilX bch VY gYYb Ug 

ibigiUl' gdYWiUllm kihh ZiYlX XUhU khYfY aYUgifYaYbhg UfY fYdfYgYbhUhijY cZ fYUl liZY gihiUhicbg 

hhUh YbhUil highYf XYgfYY cZ WcadlYlihm) =YgdihY hhY iffYgilUfihm cZ hhY fYgilhg' hhYfY ig U Wcaacb 

XYWfYUgY ib YbYfgm WcbhUibYX ib hhY bUffck VUbX UfcibX hhY dYU_ ZfYeiYbWm Zfca Fccfibg , 

hc 0)  

:acbggh Ull hhY Vifghg UbUlmgYX' hhY UjYfUgY XiZZYfYbWY VYhkYYb w%,�� Uh Fccfibg , UbX w%,�� 

Uh Fccfibg 0 ig cZ hhY /1% cZ hhY acgh cZZghcfY jUliY (?igifY ,3%) Mhig XYWfYUgY ib nYfchh-cfXYf 

acaYbh cjYf 32+ a cZ I) cWYUbiWU aYUXck WUb VY UggcWiUhYX kihh U XYWfYUgY ib kUjY hYighh 

(!^%,zj% cZ hhY -2%) Mhig fYgilh ig bch ib UWWcfXUbWY kihh BbZUbhYg Yh Ul) (-+,-%' khc ZcibX U 
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0+% cZ kUjY hYighh fYXiWhicb kihh hhY gUaY XUhU gYh) MhY XigWfYdUbWm VYhkYYb fYgilhg hUg 

aUiblm hc Xc kihh hhY XUhU WcbjYfgicb Zfca dfYggifY hc gifZUWY YlYjUhicb gdYWhfia (:ddYbXil 

;%) MhYm UddliYX hhY GcfhY_ gcZhkUfY hc dfcWYgg hhY XUhU' khiWh ig VUgYX ib U aYhhcXclcgm 

kYfY hhY Wih-cZZ ZfYeiYbWm ig XYdYbXYbh cb hhY bcigY cZ hhY ibghfiaYbh' UbX khYfY hhY YbYfgm 

cZ hhY highYf ZfYeiYbWiYg ig YlhfUdclUhYX Uggiaibg U CHGLP:I gdYWhfia ghUdY) MhY ibghfiaYbh 

fYWcfXg hhUh kYfY dlUWYX ib jYfm XYYd lcWUhicbg kYfY XcaibUhYX Vm bcigY ib hhY highYf 

ZfYeiYbWiYg' hhig hhcgY Fccfibgg dfYgYbh U high gYbgihijihm hc hhig aYhhcX5 hhY Wih-cZZ ZfYeiYbWm 

ig UddliYX Uh fYlUhijYlm lck ZfYeiYbWiYg XiY hc hhY bcigY WcbhUibYX UbX hhY fYaUibibg YbYfgm 

gdYWhfia ig WfYUhYX Vm UXXibg Ub UfhiZiWiUl gdYWhfUl hUil) MhY khclY dfcWYgg lYUXg hc Ub 

cjYfYghiaUhicb cZ hhY gifZUWY YlYjUhicb gdYWhfia' khiWh WcbgYeiYbhlm iadliYg Ub cjYfYghiaUhicb 

cZ hhY ghUhighiWUl dUfUaYhYfg li_Y hhY gigbiZiWUbh kUjY hYighh) Bh ig hhYfYZcfY iadcfhUbh hc VY UkUfY 

cZ khUh YlUWhlm hhY XUhU WcbhUibg' khm hhYfY aighh VY XigWfYdUbWiYg VYhkYYb fYWcfXg (cf bch%' 

khiWh ig hhY VYgh cdhicb hc hfUbgZcfa hhY XUhU ib cfXYf hc cVhUib fYliUVlY fYgilhg' UbX khUh aighh 

liaih mcif UbUlmgig) 

MhY WUlWilUhYX XiggidUhicb fUhY eiUbhiZiYg hhY jUfiUhicb ib YbYfgm Zlil dYf ibih WfYgh lYbghh dYf 

ibih XighUbWY ib hhY Wfcgg-ghcfY XifYWhicb) MhY jUliY cVhUibYX Zcf hhY XiggidUhicb fUhY VYhkYYb 

accfibgg UddYUfg hc VY jUfmibg ib hhY Wfcgg-ghcfY XifYWhicb (?igifY ,4%) :lhhcigh ih fYaUibg 

Ulacgh WcbghUbh Zcf hhY XYYdYf lcWUhicbg' ih YldYfiYbWYg U Vig ibWfYUgY Zfca Fccfibg . hc /) 

:WWcfXibg hc hhY ghcUlibg WcYZZiWiYbh WUlWilUhYX Zcf hhY VliY libY ib ?igifY ,3' hhY kUjYg ghUfh 

ghcUlibg UfcibX hhYgY hkc lcWUhicbg' i)Y) hhY ghcUlibg WcYZZiWiYbh VYWcaYg gfYUhYf hhUb , UfcibX 

,+ UbX 3 a XYdhh)  Bh hUg VYYb fYdcfhYX ib bUhifUl gYUgfUgg VYXg hhUh U giXXYb WhUbgY ib Vchhca 

hcdcgfUdhm YbWcibhYfYX Vm kUjYg lYUX hc WhUbgYg ib kUjY hYighh (;fUXlYm & AcigYf' -++4%' 

UbX hhig ib kUjY YbYfgm) PhYb hYghibg kUjYg cjYf U dUhWh cZ I) cWYUbiWU ib hhY ZliaY' ih kUg 

ZcibX hhUh hhY acgh kUjY YbYfgm kUg XiggidUhYX Uh hhY Zifgh ZYk aYhYfg cZ hhY UfhiZiWiUl aYUXck 

(FUbWU Yh Ul)' -+,-%) CcbgiXYfibg hhY lUfgYf gWUlY cZ hhY ZiYlX gYhid' hhY dcibh khYfY ghcUlibg 

cWWifg WUb VY gYYb Ug hhY Zifgh aYhYfg cZ hhY aYUXck dUhWh ib hhY lUVcfUhcfm) MhY lUfgYf 

XiggidUhicb fUhY WcilX hhYb VY UggcWiUhYX kihh hhY ghUfh cZ U acfY ibhYbgY ibhYfUWhicb VYhkYYb 

kUjYg UbX jYgYhUhicb' khiWh ib hifb aighh dfcXiWY U acfY dfcbcibWYX fYXiWhicb cZ kUjY 

YbYfgm) HbWY I) cWYUbiWU ig WUdUVlY cZ YZZiWiYbhlm gidfYggibg hhY ghcUlibg cZ hhY kUjYg Vm 

XUadibg ihg YbYfgm' hhY fYaUibibg kUjY hhUh acjYg cb hckUfXg hhY ghcfY kill WcbhUib lYgg 

YbYfgm) :hhYbiUhYX kUjYg aighh VY lYgg WUdUVlY cZ dfcXiWibg kcf_ cb hhY jYgYhUhicb ZiYlX' 

khiWh aighh YldlUib hhY XYWfYUgY ib XiggidUhicb fUhY Zfca Fccfibg / hc 0) Mhig XYWUm YbYfgm ib 

XiggidUhicb Ug hhY kUjY hfUjYlg cjYf jYgYhUhicb hUg Ulgc VYibg cVgYfjYX ib ZliaY YldYfiaYbhg 

(Elgibcn Yh Ul)' -+,,6 DcVUmUghi Yh Ul)' ,44.6 FUbWU Yh Ul)' -+,-% 

: hfYbX WUb VY cVgYfjYX khYb lcc_ibg Uh hhY fYlUhicb VYhkYYb YbYfgm WcbhUibYX Uh hhY acgh 

cZZghcfY Fccfibg' UbX hhY UVgclihY XiggidUhicb fUhY Zfca Fccfibg , hc 0 (?igifY -+%) MhY acgh 

YbYfgYhiW Vifghg XiggidUhY acfY YbYfgm khYfYUg hhY lYgg YbYfgYhiW YjYbhg hUjY U lckYf XiggidUhicb 

fUhY) :lgc' Vifghg kihh giailUf YbYfgm cZZghcfY UddYUf hc hUjY WcadUfUVlY XiggidUhicb fUhYg) 

MhYgY fYgilhg aighh ibXiWUhY hhUh Zcf ghcfa YjYbhg' hhY Uacibh cZ YbYfgm fYUWhibg hhY WcUgh 

aighh XYhYfaibY hhY XiggidUhicb fUhY ib hhY Wfcgg-ghcfY XifYWhicb) MhY ZUWh hhUh hhY acgh YbYfgYhiW 

YjYbhg hYbX hc XiggidUhY acfY YbYfgm ig bch ib UWWcfXUbWY kihh FUbWU Yh Ul) (-+,-%' khc ZcibX 
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hhUh I) cWYUbiWU kUg acfY YZZYWhijY Uh fYXiWibg kUjY YbYfgm ibXYf lckYf YbYfgm WcbXihicbg) 

AckYjYf' hhY WcbXihicbg hYghYX ib hhYif YldYfiaYbhg XiZZYf hc hhcgY cfigibUhYX Xifibg hhY Zifgh 

ghcfa5 hhYm hYghYX U Zill-gWUlY UfhiZiWiUl I) cWYUbiWU aYUXck ibXYf ailX WcbXihicbg kihh XYdhhg 

fUbgibg Zfca ,), hc ,)2 a)  

Hb hhY chhYf hUbX' hhY XiggidUhicb fUhYg Xc bch hUjY Ub UddUfYbh fYlUhicb kihh hhY dYU_ dYficXg 

ghiXiYX) LiailUf ZfYeiYbWm VUbXg kYfY UbUlmgYX Zcf Ull hYgh WUgYg' khiWh liaihg hhY cdhicbg hc 

YjUliUhY) MhYfYZcfY' kihh hhY UjUilUVlY XUhU UbX hhY aYhhcXclcgm YadlcmYX ih ig bch dcggiVlY hc 

ZibX U XYdYbXYbWm VYhkYYb kUjY YbYfgm XiggidUhicb UbX ZfYeiYbWm) 
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XBEACH MODELLING 
4. XBEACH MODELLING 

4.1. INTRODUCTION 
Q;YUWh (KcYljib_ Yh Ul)' -++4% ig U XYdhh-UjYfUgYX hkc-XiaYbgicbUl (-=A% dfcWYgg-VUgYX 

biaYfiWUl acXYl) Bh kUg cfigibUllm XYjYlcdYX Ug U ghcfh kUjY-UjYfUgYX acXYl khiWh fYgcljYg 

gifZUWY UadlihiXY jUfiUhicb cb hhY kUjY gfcid gWUlY cZ gYU-gkYll kUjYg (LifZVYUh acXY%) 

KYWYbhlm U bcb-hmXfcghUhiW acXY' cf dhUgY fYgcljibg acXY' kUg XYjYlcdYX Zcf Q;YUWh (FWCUll 

Yh Ul)' -+,/6 Laih Yh Ul)' -+,+%) Mc XUhY' hhY acXYl hUg VYYb UddliYX UbX YlhYbXYX Zcf U jUficig 

hmdYg cZ WcUghg UbX Zcf XiZZYfYbh difdcgYg) ?cf YlUadlY' Q;YUWh dfcjYX hc VY giWWYggZil khYb 

acXYllibg ghcfa UbX hiffiWUbY iadUWhg' ibWliXibg dfcWYggYg li_Y cjYfkUgh' XibY Yfcgicb cf 

VfYUWhibg cZ VUffiYf iglUbXg UbX XibYg (FWWUll Yh Ul)' -+,+6 KcYljib_ Yh Ul)' -++4%) Bh hUg Ulgc 

VYYb YlhYbXYX UbX jUliXUhYX Zcf giailUhibg hhY acfdhcXmbUaiW dfcWYggYg cb gfUjYl VYUWhYg 

(FWCUll Yh Uh)' -+,/% UbX hUg giWWYggZillm acXYllYX hhY hmXfcXmbUaiW dfcWYggYg cb fYYZ 

YbjifcbaYbhg (JiUhUYfh Yh Ul)' -+,06 OUb =cbgYfYb Yh Ul)' -+,.%) FcfY fYWYbhlm' Q;YUWh kUg 

YlhYbXYX hc UWWcibh Zcf hhY jYgYhUhicb YZZYWhg cb hhY gYU hmXfcXmbUaiWg' giWWYggZillm 

fYdfcXiWibg hhY XUadibg YZZYWh cZ jYgYhUhicb cb kUjYg (OUb KccijYb Yh Ul)' -+,0%' UbX WUdhifibg 

hhY YZZYWh cZ jYgYhUhicb cb gYU-gkYll kUjYg' ibZfUgfUjihm kUjYg UbX kUjY gYh-id (OUb KccijYb Yh 

Ul)' -+,1%) 

4.2. XBEACH MODEL DESCRIPTION & FORMULATIONS 
Mhig FLW hhYgig kUg WUffiYX cih igibg hhY LifZVYUh acXY cZ Q;YUWh UbX U ,= UddfcUWh) MhY 

Zcllckibg dUfUgfUdhg kill gijY U XYgWfidhicb cZ hhY hmXfcghUhiW acXY cZ Q;YUWh' Ulgc _bckb Ug 

LifZVYUh acXY' ZcWigibg cb hck ih ibWliXYg hhY jYgYhUhicb YZZYWhg) MhY ZcfailUhicbg dfYgYbhYX 

hYfY UfY kfihhYb ib hhY ,= YeiijUlYbh cZ hhY -=A Q;YUWh ZcfailUhicbg) 
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Bb LifZVYUh acXY' Q;YUWh gcljYg hhY ghcfh-kUjY achicb kihh hhY hiaY-XYdYbXYbh  kUjY UWhicb 

VUlUbWY (AclhhiijgYb Yh Ul)' ,434%' khiWh gcljY hhY jUfiUhicb cZ ghcfh-kUjYg YbjYlcdY cb hhY 

gWUlY cZ kUjY gfcidg) MhYgY jUfiUhicbg YlYfh U ZcfWY cb hhY kUhYf Wcliab hhfcigh fUXiUhicb 

ghfYgg gfUXiYbhg UbX XfijY ibghYUXm WiffYbhg UbX lcbgYf dYficX kUjYg' hhY ibZfUgfUjihm kUjYg' 

khiWh UfY gcljYX Vm hhY bcblibYUf ghUllck kUhYf (GELP% YeiUhicbg)  

Mc ibWliXY hhY YZZYWh cZ jYgYhUhicb cb hhY ibWiXYbh kUjYg' YeiUhicb ( 0 % cVhUibYX Vm FYbXYn & 

EcgUXU (-++/%  ig UXXYX ib U XiggidUhicb hYfa Zfca hc hhY ghcfh kUjY UWhicb VUlUbWY5 

	 /î
/ï +

/12î
/# = −

ñó]ò~ô + ñ5ò2
U 	 (	21	)	

PhYfY î = 	 öõ
ú

' VYibg σ hhY kUjY ZfYeiYbWm UbX Ew ig hhY kUjY YbYfgm' cg	ig hhY kUjY gfcid 

jYlcWihm' Dbreak ig hhY kUjY XiggidUhicb XiY hc VfYU_ibg UbX Dveg ig hhY kUjY YbYfgm XiggidUhicb 

XiY hc hhY dfYgYbWY cZ jYgYhUhicb' khiWh WUb VY WUlWilUhYX igibg YeiUhicb ( 0 %' khYfY hhY fcch 

aYUb geiUfY kUjY hYighh (!]^_% ig gijYb Ug U ZibWhicb cZ hhY kUjY YbYfgm5 

	
!]^_ =

80° IT	 (	22	)		

PhYfY I	ig hhY Zlck XYbgihm UbX T ig hhY gfUjihm UWWYlYfUhicb) ?cf aYUb Zlck UbX ibZfUgfUjihm 

kUhYf lYjYl achicbg UbX jYlcWihiYg' Q;YUWh ihiligYg hhY XYdhh(UjYfUgYX @YbYfUlinYX EUgfUbgiUb 

FYUb (@EF% ZcfailUhicbg (:bXfYkg & FWBbhmfY' ,4236 PUlghfU Yh Ul)' -++,%) MhY lUhYf iadliYg 

hhUh hhY acaYbhia UbX Wcbhibiihm YeiUhicbg UfY ZcfailUhYX ib hYfag cZ hhY EUgfUbgiUb jYlcWihm 

uL, XYZibYX Ug hhY XighUbWY U kUhYf dUfhiWlY hfUjYlg ib cbY kUjY dYficX XijiXYX Vm hhUh dYficX) 

Ngibg hhY XfUg ZcfWY Zfca YeiUhicb ( / %' hhY YZZYWh cZ jYgYhUhicb WUb VY XifYWhlm ibWliXYX5 

	 /ì
/ï +

/=¢ℎ
/# = 0	 (	23	)	

	 /=¢

/ï + =¢
/=¢

/# = −T
/ì
/# −

£ó
Iℎ +

;,
Iℎ +

;5ò2
Iℎ 	 (	24	)	

PhYfY ì ig hhY kUhYf gifZUWY YlYjUhicb' =¢ ig hhY XYdhh-UjYfUgYX jYlcWihm' h ig hhY kUhYf XYdhh' 

£ó ig hhY VYX ghYUf ghfYgg' ;, ig hhY kUjY ZcfWY fYgilhibg Zfca fUXiUhicb ghfYgg gfUXiYbhg (WcadihYX 

igibg YeiUhicb ( -, %% UbX ;5ò2 ig hhY jYgYhUhicb ibXiWYX XfUg ZcfWY) GchiWY hhUh hhY hYfag 

UWWcibhibg Zcf jYgYhUhicb kihhib hhig ZcfailU UfY Vchh hhY kUjY ZcfWY UbX hhY jYgYhUhicb 

ibXiWYX ZcfWY' Vih bch hhY VYX ghYUf ghfYgg) 

MhY acXYl Ullckg hc iadlYaYbh XiZZYfYbh lUmYfg cZ jYgYhUhicb (OUb KccijYb Yh Ul)' -+,0%' Vih Zcf 

hhig FLW) hhYgig I) cWYUbiWU kUg WcbgiXYfYX Ug U jYfhiWUllm ibiZcfa dlUbh' gc cblm cbY lUmYf cZ 

jYgYhUhicb kUg XYgWfiVYX ib hhY acXYl) 
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?cf hhY dfYgYbh ghiXm' U bYk Q;YUWh acXilY kUg ibWcfdcfUhYX) MhY bYk UXXihicb gijYg hhY 

dcggiVilihm cZ ibWliXibg U jUfiUVlY XfUg WcYZZiWiYbh ib hiaY) Mhig cdhicb Ullckg hhY igYf hc ibdih 

U XfUg WcYZZiWiYbh ZcfailU XYdYbXYbh cb hhY DYilYgUb-CUfdYbhYf biaVYf' Ub YeiUhicb cZ hhY 

hmdY (HnYfYb Yh Ul)' -+,/%5 

	 JK = Jm +
JÄ
-J

§•
	 (	25	)		

PhYfY hhY WcYZZiWiYbhg Jm' JÄ UbX JV WUb VY jUfiYX UWWcfXibg hc hhY hmdY cZ jYgYhUhicb 

ibjYghigUhYX UbX hhY igYfgp WfihYfiU) ;m ibhfcXiWibg hhig ZcfailU) hhY XfUg WcYZZiWiYbh' JK' ig 

WUlWilUhYX YjYfm hiaY ghYd UWWcfXibg hc hhY DYilYgUb-CUfdYbhYf biaVYf (YeiUhicb ( 2 %%) Mc 

WcadihY -J' libYUf kUjY hhYcfm ig igYX hc WUlWilUhY hhY aUliaia hcfincbhUl cfVihUl jYlcWihm 

cb hcd cZ hhY WUbcdm Uh YjYfm hiaY ghYd) : KC fUbgY WUb Ulgc VY XYZibYX' khiWh aU_Yg ih jUfm 

kihhib Ub iddYf UbX U lckYf liaih) Mhig KC fUbgY ig Ulgc igYf XYZibYX UbX ghcilX VY gYh UWWcfXibg 

hc hhY dlUbh WhUfUWhYfighiWg) 

4.3. MODEL SETUP 
;YZcfY hhY Zcllckibg acXYl gYhid' UbchhYf UddfcUWh kUg ZcllckYX hc giailUhY hhY Zifgh ghcfa 

kihh Q;YUWh) MhY dfYjicig aYhhcXclcgm ig dfYgYbhYX ib :ddYbXil C) Mhig gYWhicb ibWliXYg hhY 

XYZibihijY aYhhcXclcgm YadlcmYX' kihh hhY XiZZYfYbh XYWigicb aUXY Zcf VUhhmaYhfm' jYgYhUhicb 

dhmgiWUl dfcdYfhiYg UbX cZZghcfY VcibXUfm WcbXihicbg)  

4.3.1. BATHYMETRY  
:ZhYf cVhUibibg hhY VUhhmaYhfm Zfca CUlU Fillcf (LYWhicb .)-)%' hhY Wfcgg-ghcfY gYWhicb hhUh VYgh 

WcffYgdcbXYX hc hhY lcWUhicb cZ hhY :=Og kUg gYlYWhYX) FYUgifYX VUhhmaYhfm kUg UjUilUVlY 

ibhil XYdhhg cZ UVcih 4 a' gc Ub cZZghcfY YlhYbgicb cZ hhY VUhhmaYhfm kUg fYeiifYX) MhY gYUkUfX 

YlhYbh cZ hhY VUhhmaYhfm fYUWhYg hhY Zifgh Fccfibgpg XYdhh cZ ,2a kihh U WcbghUbh ,50+ glcdY) 

MhY gfiX WcjYfYX U hchUl Wfcgg-ghcfY lYbghh cZ ,,01)- a kihh ,+4 WYllg) I) cWYUbiWU YlhYbgicb 

kUg gYh Zfca hhY acgh cZZghcfY WYll id hc 0), aYhYfg cZ kUhYf XYdhh) Bb ?igifY -. hhY dfYgYbWY 

cZ I) cWYUbiWU ig aUddYX cjYf hhY ZibUl VUhhmaYhfm igYX)  

 

 

Figure	23.	Cross-shore	profile	used	to	recreate	the	bathymetry	conditions	for	Cala	Millor,	including	the	Posidonia	oceanica	map.	
The	points	on	the	bathymetry	line	indicate	the	grid	resolution.	The	0	meters	cross-shore	point	indicates	the	beginning	of	the	

bathymetry	offshore	extension. 
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4.3.2. VEGETATION PHYSICAL PROPERTIES 
MhY YbjifcbaYbhUl ghUhig cZ hhY kUhYf VcXiYg giffcibXibg hhY ;UlYUfiW BglUbXg kUg YjUliUhYX 

igibg I) cWYUbiWU Ug U eiUlihm dUfUaYhYf VYhkYYb :igigh UbX LYdhYaVYf cZ -++3 UbX -++4) ?cf 

gYjYfUl lcWUhicbg' ibWliXibg CUlU Fillcf' ghfiWhifUl XYgWfidhcfg cZ hhY aYUXckg' Uacbg chhYf 

ibXiWUhcfg li_Y WhYaiWUl cf dhmgiclcgiWUl dUfUaYhYfg' kYfY aYUgifYX UbX UbUlmgYX (;Ufób Yh Ul)' 

-+,,%) ?cf hhY jYgYhUhicb ibdih cZ Q;YUWh' hhig ZiYlX kcf_ dfcjiXYg ibZcfaUhicb UVcih hhY lYbghh 

UbX kiXhh cZ hhY lYUjYg' hhY biaVYf cZ lYUjYg dYf ghYa UbX hhY XYbgihiYg cZ hhY aYUXckg) ;Ufób 

Yh Ul) (-+,,% aYUgifYX hhY XYbgihm kihhib U 0+l0+ Wa geiUfY cb hkc hfUbgYWhg cZ -+ a Uh 

dcgihicbg cZ +' 0' ,+' ,0 UbX -+ a (?igifY -/%) PhYfY hhY aYUXckg dfYgYbhYX U highYf XYbgihm' 

hhY ghYa XYbgihm kUg aYUgifYX ib gaUllYf geiUfYg cZ -0l-0 Wa (?igifY -/' fighh%) 

	

Figure	24.	LEFT:	Scuba	diver	counting	the	stem	density	in	a	50x50	cm	in	Menorca	(Spain).	RIGHT:	50x50	cm	square	(divided	
in	4	25x25	cm	squares)	positioned	next	to	a	transect	of	20	m	where	the	stem	density	was	measured.	(Source:	Barón	et	al.	

(2011))	

I) cWYUbiWU hUg lcbgYf lYUjYg Xifibg hhY giaaYf gYUgcb' fYUWhibg ,)3 a lYbghh Zcf hhY WUadUigb 

dYficX ib CUlU Fillcf (;Ufób Yh Ul)' -+,,%) GcbYhhYlYgg' ihg YZZYWhijY hYighh ig lYgg hhUb ,)3 a' 

gibWY hhY dlUbh ig ZlYliVlY UbX VYbXg ibXYf ihg ckb kYighh (?igifY 1U%) MhY lYUjYgp kiXhh ig U 

ZUiflm WcbghUbh dUfUaYhYf khcgY UjYfUgY jUfiYg VYhkYYb 3 UbX ,+ aa) ?cf hhY Q;YUWh 

giailUhicbg' U ibieiY hYighh jUliY cZ +)3 a UbX U kiXhh jUliY cZ , Wa kUg WhcgYb hc fYdfYgYbh 

hhY gYcaYhfm cZ hhY dlUbh) Hb hhY chhYf hUbX hhY XYbgihm cZ I) cWYUbiWU aYUXckg jUfiYg Zfca 

XYYd kUhYf hc ghUllckYf5 hhY dlUbhg gib XYdYbXYbWm YbhUbWYg XYbgYf aYUXckg ib ghUllckYf 

kUhYfg) ?cllckibg FUfVà Yh Ul) (-++-%' hhY UjUilUVlY XYbgihiYg Zfca ;Ufób Yh Ul)' (-+,,% kYfY 

libYUflm ibhYfdclUhYX hc cVhUib hhY XYbgihm Uh hhY XiZZYfYbh Fccfibgg) MhY ZibUl jYgYhUhicb 

XYbgihiYg Zcf YUWh Fccfibg lcWUhicb UfY dfYgYbhYX ib MUVlY -) 
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								Density	(shoots/m2)	

Mooring	1		 474.55	

Mooring	2		 528.99	

Mooring	3		 601.57	

Mooring	4		 637.86	

Mooring	5	 665.07	

 

 

 

4.3.3. OFFSHORE BOUNDARY CONDITIONS 
MhY Vifghg ghiXiYX ib ChUdhYf . kYfY giailUhYX gYdUfUhYlm) ?cf hhY cZZghcfY kUjY VcibXUfm 

WcbXihicbg' Ub iXYUligYX CHGLP:I gdYWhfia (y¶ß®©™´¨% ghUdY kUg UggiaYX) Bh ig dUfUaYhYfigYX 

kihh hhY ghUdY cZ hhY IiYfgcb-Fcg_ckihn gdYWhfia2 UbX U dYU_ YbhUbWYaYbh ZibWhicb (G f % 

(?igifY -0%) MhY WcadlYhY CHGLP:I gdYWhfia YldfYggicb ig Ug Zcllckg (AclhhiijgYb' -++2%5 

	 y¶ß®©™´¨ o = CTÄ 2R (Æo(ä '#Ø −
5
4

o
ojò~ô

(Æ

∞(o)	 (	26	)	

	

∞ o = ±
ò,j (mÄ

z
zá≤|≥

(m	

ú

¥

	
(	27	)	

 

Bb YeiUhicb ( -1 %' α ig hhY YbYfgm gWUlY) MhY ghUdY dUfUaYhYfg ib YeiUhicb ( -2 % UfY σ' hhY dYU_-

kiXhh dUfUaYhYf' UbX γ' hhY dYU_ YbhUbWYaYbh ZUWhcf) MhY jUliY cZ hhYgY hhfYY dUfUaYhYfg 

XYjYlcd Ug hhY gdYWhfia XYjYlcdg (AclhhiijgYb' -++2%) 

 

 

 

                                                   
7 Pierson-Moskowitz shape can be defined as  

©∏π∫ªºΩæ z
ø z

 according to the notation utilised here. 

Table	2.	Input	P.	oceanica	densities	at	every	Mooring. 
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MhY kUjY cZZghcfY VcibXUfm WcbXihicbg UfY VUgYX cb hhY jUfiUbWY XYbgihm gdYWhfia cZ hhY 

ZUfhhYgh cZZghcfY Fccfibg) MhY dYU_ dYficX kUg XifYWhlm hU_Yb Zfca hhY dYU_ ZfYeiYbWm UbX hhY 

aYUb kUjY hYighh kUg cVhUibYX Ug Zcllckg5 

	 !^% = 4 w%	 (	28	)	

	 w% = 	 y��(o)>o
%.V¿¡

%.%ä¿¡
	 (	29	)	

MhY cZZghcfY CHGLP:I gdYWhfia kUg acXiZiYX' igibg hhY dYU_ YbhUbWYaYbh ZUWhcf Ug hhY 

WUliVfUhicb dUfUaYhYf' ib cfXYf hc aUhWh hhY acXYl cZZghcfY w%,¬¬ kihh hhY w%,¬¬ Uh Fccfibg 

,) LcaY Vifghg UfY ghckb ib ?igifY -1 Ug YlUadlYg cZ hhY ZcfWYX Q;YUWh CHGLP:I gdYWhfia 

WcadUfYX hc hhY jUfiUbWY XYbgihm gdYWhfia Uh Fccfibg ,)  

 

 

  
Figure	25.	The	Pierson-Moskowitz	spectrum,	the	shape	of	the	Pierson-Moskowitz	spectrum	and	the	shape	of	the	JONSWAP	

spectrum.	(Adapted	from:	Holthuijsen	(2007)).	
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Figure	26.	Examples	of	the	offshore	forced	JONSWAP	spectrum	(orange),	compared	to	the	variance	density	spectrum	at	

Mooring	1.	The	peak	enhancement	factor	utilised	for	each	example	is	specified	under	the	burst	date	(gamma).	

 

:ZhYf hhY kUjY cZZghcfY VcibXUfm WcbXihicbg kYfY gYlYWhYX' hhY acXYl kUg fib Zcf U hchUl hiaY 

ibhYfjUl cZ ,/ hcifg kihh U glcVUl UbX aYUb cihdih ibhYfjUl cZ 1+ UbX 4++ g fYgdYWhijYlm) EjYfm 

Vifgh kUg giailUhYX Zcf cbY hcif) Bb cfXYf hc UjciX hhY YZZYWh cZ acXYl gdib-id Uh hhY VYgibbibg 

cZ hhY giailUhicb' UbX hhY hfUbgihicb Zfca hhY kUjY WcbXihicbg Zfca cbY Vifgh hc UbchhYf' cihdih 

Zfca hhY gYWcbX gfcid cZ ,0 aibihYg kYfY WhcgYb Zcf ZifhhYf UbUlmgig)  
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4.4. POST-PROCESSING XBEACH OUTPUTS 
Mhig gYWhicb dfYgYbhg hhY dfcWYXifY ZcllckYX hc cVhUib hhY CHGLP:I gdYWhfia Uh YjYfm 

lcWUhicb Zfca hhY Q;YUWh cihdihg) 

?ifghlm' igibg YeiUhicb ( -- % hhY aYUb fcch geiUfYX kUjY hYighh (!]^_% WcilX VY cVhUibYX kihh 

hhY aYUb kUjY YbYfgm (E√% Zfca hhY Q;YUWh cihdih) Bb cfXYf hc hfUbgZcfa !]^_ ibhc aYUb 

gigbiZiWUbh kUjY hYighh (Hƒ%%' hhY Zcllckibg fYlUhicb kUg igYX5  

	 !^% = 	 2	!]^_	 (	30	)	

Bb cfXYf hc gYh hhY CHGLP:I Uh YjYfm lcWUhicb' U WcbghUbh gdYWhfUl ghUdY ib hhY Wfcgg-ghcfY 

XifYWhicb) Bb dfUWhiWY' hhig aYUbg hhUh hc cVhUib hhY CHGLP:I gdYWhfia hhY dYU_ YbhUbWYaYbh 

ZUWhcf kUg UggiaYX hc VY WcbghUbh) Pihh hhY gigbiZiWUbh kUjY hYighh' hhY dYU_ YbhUbWYaYbh 

ZUWhcf UbX hhY dYU_ dYficX' hhY CHGLP:I gdYWhfia kUg WfYUhYX igibg hhY ZibWhicb jcbgkUd-3 

Zfca HdYbEUfhhMcclg)  

4.5. SENSITIVITY ANALYSIS 
:g kihh acgh dlUbhg cb EUfhh' I) cWYUbiWU aYUXckg dfYgYbh XiZZYfYbh dhmgiWUl WhUfUWhYfighiWg 

XYdYbXibg cb aUbm ZUWhcfg giWh Ug gib UjUilUVilihm' WliaUhY cf lcWUhicb) Mhig jUfiUVilihm 

YbWcifUgYX U gYbgihijihm UbUlmgig cZ hhY hkc acgh ZliWhiUhibg WhUfUWhYfighiWg hhUh WUb VY WhUbgYX 

Ug ibdih ib hhY acXYl5 dlUbh hYighh UbX aYUXck XYbgihm) MhY fYgilhg UfY ghckb ib ?igifY -2' 

khYfY w%,�� ig bcfaUligYX kihh Fccfibg ,pg w%,��.	Hb hhY l-Ulig' ,++% fYdfYgYbh hhY jUliYg cZ 

MUVlY - Zcf XYbgihm' UbX +)3 a Zcf dlUbh hYighh) MhY fYgh cZ dYfWYbhUgYg fYZYf hc hhYgY jUliYg 

khiWh kill VY WUllYX ghUbXUfX jUliYg) ?cf YlUadlY' 0+% fYdfYgYbhg hUlZ cZ hhY ,++% jUliYg UbX 

-++% fYdfYgYbhg hhY XciVlY' hhYfYZcfY U 0+% cZ hhY hYighh kcilX VY +)/ a UbX U -++% 

fYdfYgYbhg ,)1 a) MhY gYbgihijihm ig YjUliUhYX ib hhY hkc lcWUhicbg ibXiWUhYX ib hhY iddYf dlch cZ 

?igifY -25 lcWUhicb , WcffYgdcbXg hc Fccfibg . Uh ,+ a kUhYf XYdhh UbX lcWUhicb - WcffYgdcbXg 

hc hhY ZUfhhYgh cZZghcfY YXgY cZ hhY aUddYX I) cWYUbiWU aYUXck (?igifY -.%) MhY gYbgihijihm 

UbUlmgig kUg Ulgc YjUliUhYX ihiligibg Vchh U hiaY jUfiUVlY UbX U WcbghUbh XfUg WcYZZiWiYbh) MhY 

ZcfailU YadlcmYX Zcf hhY hiaY jUfiUVlY XfUg WcYZZiWiYbh ig hhY Zcllckibg5 

	 JK =
30
-J

m.m

	 (	31	)		

:bX hhY WcbghUbh C≈ ig YeiUl hc +)-) MhY fYUgcb hc igY YeiUhicb ( ., % UbX +)- Ug hhY WcbghUbh 

jUliY ig VYWUigY w%,��	kUg bYUflm hhY gUaY Uh lcWUhicb - Zcf hhY ghUbXUfX jUliYg) 

 

                                                   
8
 AYUX NKE5 hhhdg5//gjb)cgg)XYlhUfYg)bl/fYdcg/cdYbYUfhhhcllg/hfib_/aUhlUV/UddliWUhicbg/kUjYg/jcbgkUd-)a (lUgh 

UWWYggYX ,4/+0/-+,1% 
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Figure	27.	The	upper	figure	is	the	cross-shore	section	used	for	the	XBeach	modelling.	The	locations	where	the	normalised	
w%,��	is	compared	in	the	middle	and	lower	figure	are	marked	with	a	straight	line.	The	middle	figure	shows	the	change	in	

normalised	w%,��	with	different	densities	tested	and	the	lower	figure	is	the	analogous	for	plant	height.	The	100%	values	are	
the	corresponding	to	Table	1	for	densities	and	0.8	m	for	plant	height.		

	

4.5.1. DENSITY AND HEIGHT SENSITIVITY 
Bb ?igifY -2 ih WUb VY gYYb hhUh bYihhYf Ub ibWfYUgY ib XYbgihm bcf U highYf hYighh Zcllckg U libYUf 

fYlUhicb kihh YbYfgm XiggidUhicb) :g YldYWhYX' Ub ibWfYUgY ib Vchh dUfUaYhYfg lYUXg hc acfY 

YbYfgm XiggidUhicb Zcf Vchh WcbghUbh UbX jUfiUVlY XfUg WcYZZiWiYbhg) MhY XiZZYfYbWY ib YbYfgm 

XiggidUhicb VYhkYYb lcWUhicbg Ulgc ibWfYUgYg kihh ibWfYUgibg XYbgihiYg UbX hYighhg) GYjYfhhYlYgg' 

Zcf hhY lYgg XiggidUhijY WcbXihicbg hYghYX (,+% cZ hhY ghUbXUfX jUliYg%' lcWUhicb , dfYgYbhg lYgg 

w%,�� hhUb lcWUhicb -) MhUh cWWifg VYWUigY hhY acXYl Ullckg hhY kUjY hc ghcUl ib ghUllckYf 

kUhYfg kihh giWh lck jYgYhUhicb XYbgihiYg) MhYfYZcfY' hhY XiggidUhicb dfcXiWYX Vm U ,+% cZ hhY 

jYgYhUhicb ig bch UVlY hc gidfYgg ghcUlibg ib hhY acXYl)  

=Ybgihm UbX hYighh ghck dfUWhiWUllm hhY gUaY gYbgihijihm ib hYfag cZ w%,��) Hblm Zcf hhY acgh 

XiggidUhijY giailUhicbg (-++% cZ hhY ghUbXUfX jUliYg%' Ub ibWfYUgY ib hYighh lYUXg hc lYgg YbYfgm 

ib lcWUhicb - hhUb XYbgYf jYgYhUhicb) Mhig ig bch bchiWYUVlY ib ?igifY -2 VYWUigY hhY XiZZYfYbWY 

VYhkYYb hhY XYbgihm dlch gcliX cfUbgY libY (WcbghUbh XfUg WcYZZiWiYbh% UbX hhY gUaY Zcf hhY hYighh 

dlch ig cZ hhY cfXYf cZ +)0%) MhY UbUlcgcig XiZZYfYbWY Zcf hhY gcliX VliY libY (jUfiUVlY XfUg 

WcYZZiWiYbh% ig cZ hhY cfXYf cZ +),%) MhY lUhhYf iadliYg hhUh kihh U WcbghUbh XfUg WcYZZiWiYbh' I) 
cWYUbiWU hYighh hUg U acfY XiggidUhijY YZZYWh cb ghUllck kUhYfg hhUb XYbgihm Zcf hhY dYfZcfaYX 

giailUhicbg) MhY hiaY jUfmibg XfUg WcYZZiWiYbh XYdYbXg cb hhY DYilYgUb-CUfdYbhYf biaVYf5 ib 

ghUllckYf kUhYfg' cfVihUl jYlcWihm aUgbihiXY ibWfYUgYg cb hcd cZ hhY WUbcdm' lYUXibg hc U gfYUhYf 
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-J' UbX WcbgYeiYbhlm hc U gaUllYf XfUg WcYZZiWiYbh) BZ hhY XfUg WcYZZiWiYbh VYWcaYg lckYf hhUb 

hhY WcbghUbh XfUg WcYZZiWiYbh' hhYb hhY XiggidUhicb kill VY aibcf' khiWh YldlUibg hhUh U WhUbgY 

ib hYighh aighh VY acfY gigbiZiWUbh Zcf XiggidUhicb ib ghUllckYf kUhYfg hhUb U WhUbgY ib nYfchh(

acaYbh)  

4.5.2. CONSTANT & VARIABLE DRAG COEFFICIENT 
: jUfiUVlY XfUg WcYZZiWiYbh ib hiaY kihhib hhY acXYl Ulgc iadliYg U jUfiUVlY XfUg WcYZZiWiYbh ib 

gdUWY) Pihh ?igifY -2 hhY iadliWUhicbg cZ Whccgibg U WcbghUbh JK jYfgig U jUfmibg JK WUb VY 

ibZYffYX) :h XYbgihiYg cf hYighhg WcffYgdcbXibg hc UddfcliaUhYlm hhY 30% cZ hhY ghUbXUfX jUliYg' 

hhY VliY libY UbX hhY cfUbgY libY ibhYfgYWh Uh lcWUhicb -) :g kY acjY hc ghUllckYf kUhYfg ih ig 

YldYWhYX hhUh U WcbghUbh XfUg WcYZZiWiYbh XiggidUhYg acfY YbYfgm5 ib hhig WUgY U jUfiUVlY XfUg 

WcYZZiWiYbh WUb YldYfiYbWY lckYf jUliYg hhUb hhY WcbghUbh JK = 0.2) MhYfYZcfY' hhY lckYf hhY 

XfUg WcYZZiWiYbh' hhY lYgg hhY XiggidUhicb kill VY) GcbYhhYlYgg' Zcf hYighhg UbX XYbgihiYg lUfgYf 

hhUb hhY 30% hhfYghclX ib ghUllckYf kUhYfg' Vchh dUfUaYhYfg ghck U highYf XiggidUhicb Zcf hhY 

jUfiUVlY XfUg WcYZZiWiYbh) Ack hhY DYilYgUb-CUfdYbhYf biaVYf ig WUlWilUhYX WUb UgUib YldlUib 

hhig dhYbcaYbcb) BZ XYbgihm cf hYighh UfY ibWfYUgYX' hhYfY kill VY U lUfgYf XiggidUhicb Uh hhY 

cZZghcfY lcWUhicbg' khiWh kcilX lYUX hc gaUllYf kUjY hYighhg acjibg hckUfXg hhY ghcfY) :g ih 

WUb VY gYYb' Zcf lcWUhicb , hhY jUfiUVlY XfUg WcYZZiWiYbh giailUhicb (VliY XUghYX libY% UlkUmg 

ghckg lYgg YbYfgm hhUb hhY cfUbgY XUghYX libY) MhY jUfiUVlY XfUg WcYZZiWiYbh kill Ullck highYf 

C≈ jUliYg Uh hhY acgh cZZghcfY lcWUhicbg' khiWh XUadg hhY kUjYg dfcdUgUhibg ghcfYkUfX) MhY 

ghfcbgYf hhY XiggidUhicb cZZghcfY (hhY acfY XYbgihm cf hYighh%' hhY gaUllYf hhY ibWcaibg kUjYg 

kill VYWcaY) LaUllYf kUjYg iadlm gaUllYf cfVihUl jYlcWihiYg' khiWh iadliYg highYf XfUg 

WcYZZiWiYbhg UbX WcbgYeiYbhlm acfY XiggidUhicb) MhYfYZcfY' highYf XYbgihiYg UbX hYighhg XYbchY 

U glckYf XYWfYUgY cZ hhY XfUg WcYZZiWiYbh gdUhiUllm' i)Y) highYf jUliYg cZ C≈	cbghcfY hhUb kihh hhY 

WcbghUbh giailUhicb)  

Bb hhig gYWhicb hhY WcbgYeiYbWYg cZ igibg U WcbghUbh cf U jUfiUVlY C≈ kYfY XigWiggYX ib hYfag cZ 

hhY gYbgihijihm UbUlmgig) : acfY XYhUilYX UbUlmgig cZ hhY iadliWUhicbg cZ igibg hhY XiZZYfYbh 

UddfcUWhYg WUb VY ZcibX ib ChUdhYf 0) 
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5 
MODELLING RESULTS 
5.	MODELLING	RESULTS	

5.1. INTRODUCTION 
:g ib acgh cZ hhY Ylighibg acXYlg' jYgYhUhicb ib Q;YUWh ig gWhYaUhinYX Ug figiX WmlibXYfg (OUb 

KccijYb Yh Ul)' -+,1%) Mhig ig U jUgh giadliZiWUhicb cZ khUh ig ZcibX ib bUhifY' khYfY jYgYhUhicb 

gYhhibgg UfY aiWh acfY WcadlYl) :g dcibhYX cih Vm HnYfYb Yh Ul) (-+,/%' Ub UffUm cZ WmlibXYfg 

aUm bch VY giZZiWiYbh hc WcffYWhlm fYdfYgYbh hhY XfUg iadcgYX Vm dlUbhg) =YgdihY hhY ZUWh hhUh 

hhY figiX-WmlibXYf UddfcUWh ig bch ghfiWhlm jUliX Zcf ZlYliVlY aUWfcdhmhYg' Q;YUWh kUg ZcibX hc 

WUdhifY hhY YZZYWh cZ jYgYhUhicb cb gYU-gkYll kUjYg' ibZfUgfUjihm kUjYg UbX kUjY gYh(id' khYb 

WcadUfYX hc ZliaY YldYfiaYbhg kihh UfhiZiWiUl ZlYliVlY _Yld (EUaibUfiU hmdYfVcfYU% (OUb 

KccijYb Yh Ul)' -+,1%)  

Mhig WhUdhYf dfYgYbhg U ghcfh ibhfcXiWhicb hc khUh hUddYbg khYb jUfmibg hhY WcYZZiWiYbhg cZ hhY 

hiaY-jUfmibg CD-KC ZcfailU) LiVgYeiYbhlm' hhY acXYl dYfZcfaUbWY kihh hhY XiZZYfYbh 

ZcfailUhicbg hYghYX ig ghckb' ZcllckYX Vm hhY XiZZYfYbWYg YbWcibhYfYX khYb igibg U WcbghUbh 

cf U hiaY jUfiUVlY XfUg WcYZZiWiYbh) :h hhY YbX cZ hhY WhUdhYf' U XigWiggicb cZ hhY dfYjiciglm 

aYbhicbYX gYWhicbg UbX hhY WcffYgdcbXibg WcbWligicbg WUb VY ZcibX) 

5.2. CD-KC FUNCTION 
MhY CD-KC ZibWhicb kUg dfYgYbhYX dfYjiciglm ib gYWhicb /)- kihh YeiUhicb ( -0 %) MhY Jm 
WcYZZiWiYbh UXXg U WcbghUbh jUliY hc hhY ZibUl XfUg WcYZZiWiYbh) ?cf I) cWYUbiWU' Jm kUg UggiaYX 

hc VY nYfc (EihUf Yh Ul)' -+,.6 LábWhYn-@cbnálYn Yh Ul)' -+,,%' lYUjibg YeiUhicb ( -0 % kihh cblm 

hkc WcYZZiWiYbhg5 

	 JK =
JÄ
-J

§•
	 (	32	)		

Bb cfXYf hc gYh U acfY jigiUl YldlUbUhicb cZ khUh hUddYbg iZ JÄ UbX JV UfY WhUbgYX' YeiUhicb  

( .- % ig dlchhYX ib ?igifY -3) Bb hhY lYZh ZigifY EihUf Yh Ul) (-+,.%pg ZcfailU (YeiUhicb ( 3 %%' 
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LábWhYn @cbnálYn Yh Ul) (-+,,%pg ZcfailU (YeiUhicb ( 4 %%' UbX chhYf ZcfailUg kihh JV = 1.1 UbX 

XiZZYfYbh JÄ jUliYg UfY fYdfYgYbhYX) ;m ibWfYUgibg hhY jUliY cZ JÄ hhY XfUg WcYZZiWiYbh VYWcaYg 

lYgg hhUb ibihm Zcf lUfgYf DYilYgUb(CUfdYbhYf biaVYfg) ;YgiXYg' hhY XfUg WcYZZiWiYbh VYWcaYg 

acfY ghUVlY Uh lUfgYf DYilYgUb(CUfdYbhYf biaVYfg) ?cf ibghUbWY' VYhkYYb -J cZ 0+ UbX ,++' 

hhY jUfiUhicb ib XfUg WcYZZiWiYbh Zcf hhY LábWhYn(@cbnálYn Yh Ul) (-+,,%pg ZcfailU ig lYgg hhUb 

+).' khYfYUg hhY gUaY Zcf EihUf Yh Ul) (-+,.%pg ZcfailU iadliYg U WhUbgY ib XfUg WcYZZiWiYbh cZ 

UfcibX ,)0) Hb hhY fighh dlch cZ ?igifY -3' hhY WcYZZiWiYbh JV ig WhUbgYX ib ghYdg cZ +)/ Zfca 

hhUh cZ EihUf Yh Ul) (-+,.%pg ZcfailU)  

 

  
Figure	28.	Representation	of	functions	CD=(C2/KC)

C
3.	The	left	figure	presents	the	variation	of	CD	as	a	function	of	KC	when	

varying	the	C2	coefficient.	The	right	figure	presents	the	variation	of	CD	as	a	function	of	KC	when	varying	the	C3	coefficient.	

 

:g ih WUb VY gYYb ib hhY fighh dlch cZ ?igifY -3' khYb jUfmibg JV hhY dcibh khYfY hhY XfUg 

WcYZZiWiYbh VYWcaYg lYgg hhUb , ghUmg hhY gUaY (-J ≈ 14%) MhY aUib XiZZYfYbWY VYhkYYb hhY 

WifjYg ghUdY fYliYg ib hhY ghYYdbYgg) :b ibWfYUgY ib JV miYlXg hc U ghYYdYf WifjY5 hhY gYbgihijihm cZ 

JK hc hhY DYilYgUb(CUfdYbhYf biaVYf ibWfYUgYg UbX' cbWY hhY XfUg WcYZZiWiYbh VYWcaYg lYgg 

hhUb hhY ibihm' ih fYUWhYg lckYf jUliYg acfY fUdiXlm) 
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5.3. MODEL PERFORMANCE 
MhY UbUlmgYX Vifgh (MUVlY ,% kYfY giailUhYX kihh XiZZYfYbh CD-KC ZcfailUg) MhY Zifgh cdhicbg 

giailUhYX kYfY hhcgY gijYb Vm LábWhYn(@cbnálYn Yh Ul) (-+,,% UbX EihUf Yh Ul) (-+,.%%' khcgY 

YeiUhicbg kYfY gdYWiZiWUllm XYfijYX Zcf I) cWYUbiWU) MhYif ZcfailUg WUb VY kfihhYb kihh hhY Zcfa 

cZ YeiUhicb ( .- % Ug5  

	 JK =
17.683
-J

m.%n

	 (	33	)	

	 JK =
69.37
-J

m.m

	 (	34	)	

PhYfY YeiUhicb ( .. % WcffYgdcbXg hc LábWhYn(@cbnálYn Yh Ul) (-+,,%pg ZcfailU UbX YeiUhicb 

( ./ % ig hhY YeiijUlYbh hc EihUf Yh Ul) (-+,.%pg ZcfailU) EjYb hhcigh Vchh ZcfailUg kYfY XYfijYX 

Zcf hhY gUaY aUWfcdhmhY' hhYm dfYgYbh U WcbgiXYfUVlY XiZZYfYbh JÄ WcYZZiWiYbh) CcbjYfgYlm' 

WcYZZiWiYbh JV cblm XiZZYfg Vm +)+,)  

  
Figure	29.	Hm0,fp	calculated	from	XBeach	outputs	is	compared	to	the	same	of	the	data.	The	different	subplots	refer	to	

different	CD-KC	formulas	tested.	The	different	colours	of	the	scattered	dots	refer	to	the	different	Moorings,	and	every	dot	
correspond	to	a	different	burst.	

 

:ZhYf Uddlmibg Vchh ZcfailUhicbg' hhY gigbiZiWUbh kUjY hYighh WcffYgdcbXibg hc hhY nYfchh(cfXYf 

UfcibX hhY dYU_ ZfYeiYbWm (Hƒ%,… ' YeiUhicb ( ,1 %% kUg WcadihYX Zcf YUWh Vifghg Uh YUWh 

Fccfibg) MhY fYgilhg Zfca Q;YUWh UfY dlchhYX ib ?igifY -4 UgUibgh hhY fYgilhg cVhUibYX Zfca 

hhY XUhU) MhY VlUW_ libY ib hhY ZigifY ig U ,5, libY (iXYUl aUhWh% hhUh ibXiWUhYg hhY gUaY jUliY Zcf 

hhY Q;YUWh cihdihg UbX hhY XUhU)  
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PhYb igibg EihUf Yh Ul) (-+,.%pg ZcfailU' hhY fYgilhg UfY acghlm hc hhY fighh cZ hhY ,5, libY' 

ibXiWUhibg Ub ibXYfYghiaUhicb cZ hhY kUjY' hhig Ub cjYfYghiaUhicb cZ YbYfgm XiggidUhicb) Hb hhY 

chhYf hUbX' LábWhYn(@cbnálYn Yh Ul) (-+,,%pg ZcfailU UddYUfg hc ibXYfYghiaUhY XiggidUhicb5 hhY 

Xchg ib hhY dlch ZUll hc hhY lYZh cZ hhY ,5, libY)  

Bb cfXYf hc gYh U VYhhYf Zih kihh hhY XUhU' hhY WcYZZiWiYbh JÄ kUg gijYb jUliYg ib VYhkYYb 14).2 

UbX ,2)13.' i)Y) biaVYfg hhUh ZUll ib VYhkYYb hhY JÄjUliYg cZ hhY lihYfUhifY ZcfailUg ) LdYWiZiWUllm' 

JÄ kUg ibWfYUgYX Vm ,. hc aU_Y YjYb ghYdg VYhkYYb ZcfailUg) MhY fYgilhg UfY Ulgc dlchhYX ib 

?igifY -4' ibXYfbYUhh hhY dfYjicig YldlUibYX dlchg) MhY XUhU dfYgYbhg U kiXY gdfYUX cb fYgilhg' 

Vih hhY CD-KC	ZcfailUg hhUh gYYa hc hUjY Ub cjYfUll VYgh Zih kihh hhY XUhU UfY5 

	 JK =
30
-J

m.m

	 (	35	)	

	 JK =
43
-J

m.m

	 (	36	)	

MhY hhifX ZcfailU kihh JÄ = 56 kUg XigfYgUfXYX Zcf ZifhhYf UbUlmgig VYWUigY cZ hhY glcVUl 

cjYfYghiaUhicb cZ YbYfgm XiggidUhicb Uh hhY acgh cZZghcfY lcWUhicbg5 Fccfibgg / UbX 0 dfYgYbh 

U gYbYfUl ibXYfYghiaUhicb cZ kUjY hYighhg Uh Fccfibg / UbX 0)  

?cf U acfY cVjYWhijY UbUlmgig' hhY XiZZYfYbWY VYhkYYb acXYl UbX XUhU Hƒ%,…  kYfY WUlWilUhYX Zcf 

YjYfm Vifgh Ug5 

	 ∆!^%,zj = 	!^%,zj
À~Ã~ − !^%,zj

^ÕÀòŒ	 (	37	)	

EeiUhicb ( .2 % WUb VY UggcWiUhYX kihh hhY acXYl Yffcf khYb acXYllibg kUjY hYighhg) MhY 

XighfiVihicb cZ hhY fYgilhg ig ghckb ib ?igifY .+ Zcf YjYfm Fccfibg ibXYdYbXYbhlm) HjYfUll' hhY 

ZcfailUg UbUlmgYX iadlm Ub cjYfYghiaUhicb cZ hhY kUjY hYighh' hhYfYZcfY Ub ibXYfYghiaUhicb cZ 

hhY XiggidUhicb) Hblm hhY kUjY hYighh cVhUibYX kihh YeiUhicb ( .1 % Uh Fccfibg 0 ig 

ibXYfYghiaUhYX) ;YgiXYg' hhY gigbiZiWUbh kUjY hYighh XiZZYfYbWYg dfYgYbh U XiZZYfYbh XighfiVihicb 

XYdYbXibg cb hhY ZcfailU YadlcmYX) PhYb WcadUfibg hhY dYfZcfaUbWY cZ Vchh ZcfailUg' 

YeiUhicb ( .1 % gijYg hhY lYUgh Yffcf) MhY UVgclihY UjYfUgYX Yffcf (UVgclihY jUliY cZ hhY fYX libY 

ib ?igifY .+% Uacbg Ull hhY Vifghg Zcf hhY XiZZYfYbh Fccfibgg UfY +)+,4' +)+-.' +)++1 UbX +)+-0 

a Zfca Fccfibg - hc Fccfibg 0 fYgdYWhijYlm)  

Mc XYZibY U glcVUl Yffcf Zcf hhY acXYl dYfZcfaUbWY' hhY Kcch FYUb LeiUfYX Effcf (KFLE% kUg 

WUlWilUhYX Ug Zcllckg5 

	 eœy0 = 	
1
M ∆!^%,zj		

®

	 (	38	)	

PhYfY M ig hhY hchUl biaVYf cZ Vifghg UbUlmgYX) MhY KFLE cVhUibYX UfY +)+0+ a UbX +)+/. a 

Zcf YeiUhicb ( .0 % UbX ( .1 % fYgdYWhijYlm) EeiUhicb ( .1 % hhYfYZcfY gWcfYg gijYg hhY VYgh 

UddfcliaUhicb Zcf hhY XUhU YjUliUhYX) 
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Figure	30.	Box	plot	showing	the	distribution	of	difference	between	model	output	and	data	for	both	equation	(	35	)	and	(	36	).	
The	vertical	axis	represents	the	difference	between	data	and	model	significant	wave	height	(equation	(	37	))	in	meters.	The	
grey	dashed	line	represents	perfect	match	between	model	and	data	results.	The	blue	box	lower	and	upper	boundary	lines	
represent	the	25%	and	75%	quantile	of	the	data	and	the	red	line	is	the	median.	The	two	vertical	lines	extending	from	the	

central	box	are	the	remaining	data	outside	the	blue	box	and	extend	maximum	to	3/2	times	the	height	of	the	central	box	but	
not	past	the	range	of	the	data.	Outliers	are	represented	with	a	red	cross.	

 

:ZhYf hhY VYgh cZ hhY hYghYX WcYZZiWiYbh JÄ ig WhcgYb' JV WUb Ulgc VY jUfiYX) :b ibWfYUgY ib JV 
dfYgYbhYX Ub ibWfYUgY ib kUjY hYighh' gdYWiUllm ib hhY acgh cbghcfY Fccfibgg6 Vm ibWfYUgibg JV 
ib YeiUhicb ( .1 % hhY Yffcf Uh hhY ZifhhYgh cZZghcfY Fccfibgg fYXiWYg Vih hhY Yffcf cbghcfY kill 

ibWfYUgY) CcbgYeiYbhlm' XiY hc hhY kiXY gdfYUX cZ hhY Vifghg fYgilhg ib hhY Wfcgg(ghcfY XifYWhicb' 

bc gigbiZiWUbh iadfcjYaYbh kUg ZcibX khYb jUfmibg JV)  

5.4. DRAG COEFFICIENT VARIATION 
Mc dfYgYbh hhY dfYjicig dYfZcfaUbWY cZ hhY Q;YUWh acXYl' U jUfiUVlY XfUg WcYZZiWiYbh ib hiaY 

UbX gdUWY kUg ihiligYX) MhY lckYf dlch cZ ?igifY ., dfYgYbhg hhY Q;YUWh(WcadihYX XfUg 

WcYZZiWiYbh Uh YjYfm gYWcbX Zcf hhY gYWcbX gfcid cZ ,0 aibihYg giailUhYX' igibg YeiUhicb ( .1 %) 

MhY l-Ulig ig hiaY' hhY m-Ulig ig giVaYfgYX fUhic (dlUbh hYighh (+)3 a% XijiXYX Vm XYdhh% 

UWWcfXibg hc hhY VUhhmaYhfm igYX Zcf hhY giailUhicb' UbX hhY Wclcifg WcffYgdcbX hc XiZZYfYbh 

jUliYg cZ XfUg WcYZZiWiYbh) Bb hhig ZigifY' ih WUb VY dYfWYijYX hhY gfYUh WhUbgY cZ hhY XfUg 

WcYZZiWiYbhg WcadihYX Xifibg hhY giailUhicb dYficX' fUbgibg Zfca +), hc .)-) :lgc hhY 

hfUbgZcfaUhicb cZ hhY XfUg WcYZZiWiYbh kihh hhY kUjY hfUib WUb VY bchiWYX kihh hhY jYfhiWUl WifjYX 

libYg WfYUhYX Ug hiaY UXjUbWYg) =YdYbXibg cb hiaY' hhY XfUg WcYZZiWiYbh WUb VY ZUiflm WcbghUbh 

cf eiihY jUfiUVlY Ug hhY kUjY acjYg hckUfXg hhY ghcfY) ?cf ibghUbWY' hhY kUjY hfUibg ghUfhibg 

UfcibX /++ g dfcXiWY U XfUg WcYZZiWiYbh hhUh cgWillUhYg VYhkYYb +)0 UbX ,' khYfYUg hhY kUjY 

hfUib ghUfhibg Uh 1++ g WcaaYbWYg dfcXiWibg XfUg WcYZZiWiYbhg cZ hhY cfXYf cZ hhfYY' UbX YbXg 

kihh XfUg WcYZZiWiYbhg kihh jUliYg UfcibX ,)  
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Figure	31.	The	upper	picture	shows	the	variability,	along	the	cross-shore,	of	the	mean	drag	coefficient	in	time	(blue	line)	
computed	by	XBeach	for	the	second	group	of	15	minutes	simulated.	The	formula	employed	for	the	simulation	is	CD	=	

(43/KC)1.1.	The	orange	line	is	the	standard	deviation	of	the	drag	coefficient	with	respect	to	the	mean,	and	the	black	dashed	
line	is	the	cross-shore	average	of	the	blue	line	values	from	Mooring	2	to	the	end	of	the	P.	oceanica	meadow.	The	lower	
figure	shows	the	variation	of	CD	in	time	and	space	(with	the	submerged	ratio,	which	is	computed	with	a	constant	plant	

height	of	0.8	m	and	the	simulated	bathymetry)	for	the	same	period	of	time.	

 

  
Figure	32.	Zeroth-order	(normalised	with	offshore	value)	for	the	narrow	band	around	the	peak	frequency	evolution	in	the	

cross-shore	direction.	The	different	lines	represent	different	simulations	carried	out	with	XBeach	(burst	number	19).	The	grey	
dots	correspond	to	the	values	from	the	data	at	every	Mooring.	

 

MhY iddYf dlch cZ ?igifY ., ghckg hhY aYUb XfUg WcYZZiWiYbh (VliY libY% UbX hhY ghUbXUfX 

XYjiUhicb (cfUbgY libY% Zcf hhY gYWcbX gfcid cZ ,0 aibihYg giailUhYX) Bh WUb VY gYYb hck hhY 

lUfgYf hhY aYUb jUliY cZ hhY aYUb XfUg WcYZZiWiYbh ib hiaY' hhY lUfgYf hhY ghUbXUfX XYjiUhicb) Bb 

cfXYf hc WhYW_ hhY dYfZcfaUbWY cZ hhY acXYl kihh U WcbghUbh XfUg WcYZZiWiYbh' hhY aYUb XfUg 

WcYZZiWiYbh Zfca hhY Q;YUWh cihdih Ulcbg hhY Wfcgg-ghcfY kUg UjYfUgYX ib gdUWY Zfca Fccfibg 

- hc hhY YbX cZ hhY I) cWYUbiWU aYUXck) MhY UjYfUgYX jUliY ig +)0.,2 (VlUW_ XUghYX libY ib 

iddYf dlch cZ ?igifY .,%) ?cf WcadUfigcb' hhY nYfchh(cfXYf Wfcgg-ghcfY Yjclihicb Zcf hhY 

XiZZYfYbh giailUhicbg WUffiYX cih kihh Q;YUWh UfY ghckb ib ?igifY .-) MhY fYgilhg WcffYgdcbX 

hc Vifgh ,4) Bb hhig ZigifY' hhY giailUhicbg hc WcadUfY UfY fYdfYgYbhYX kihh hhiW_Yf libYg5 hhY 
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difdlY libY WcffYgdcbXg hc YeiUhicb ( .1 % UbX hhY VlUW_ libY fYdfYgYbhg hhY WcbghUbh XfUg 

WcYZZiWiYbh) CcbhfUfm hc khUh YldYWhYX' hhY VlUW_ libY XcYg bch dfYgYbh U giailUf YbYfgm 

XiggidUhicb hc hhY difdlY libY) ?cf hhY WcbghUbh XfUg WcYZZiWiYbh' WcffYgdcbXibg hc hhY UjYfUgY 

XfUg WcYZZiWiYbh ib gdUWY cZ hhY aYUb XfUg WcYZZiWiYbh ib hiaY' hhY XiggidUhicb ig highYf hhUb hhUh 

Zcf hhY jUfiUVlY XfUg WcYZZiWiYbh) :g ih ig ghckb ib ?igifY .-' U lckYf WcbghUbh XfUg WcYZZiWiYbh 

cZ +)-3 (gfYYb libY% ig bYYXYX hc gYh giailUf fYgilhg)  

MhY Q;YUWh acXYl kUg Ulgc fib Zcf Ub ibjYgYhUhYX gWYbUfic6 hhY acXYl gYhid kUg _Ydh YlUWhlm 

hhY gUaY Vih hhY jYgYhUhicb kUg hifbYX cZZ Zcf hhY giailUhicb) MhY fYgilhg cZ hhig giailUhicb UfY 

Ulgc ghckb ib ?igifY .- kihh hhY XUghYX fYX libY) Mhig gWYbUfic dfYgYbhg bc XiggidUhicb XiY hc 

jYgYhUhicb) MhY bcfaUligYX w%,�� YldYfiYbWY Ub ibWfYUgY Ug hhY kUjY ghUfh ghcUlibg' UbX VYZcfY 

hhY kUjYg ghUfh VfYU_ibg' w%,�� fYUWhYg ,)/-' hhY jUliY cZ w%,�� WcadihYX kihh YeiUhicb ( .1 % 

Uh hhY gUaY dcibh)  

5.5. DISCUSSION  
;m fYacjibg cf giadliZmibg bUhifUl dfcWYggYg' acXYl fYgilhg aighh bch UlkUmg hUjY U gccX 

UgfYYaYbh kihh ZiYlX aYUgifYaYbhg) MhY aigaUhWh ig igiUllm WcadYbgUhYX kihh WUliVfUhicb 

WcYZZiWiYbhg) Bb cfXYf hc Yadlcm biaYfiWUl acXYlg hc dfYXiWh ZihifY hfYbXg' dUfUaYhYfinUhicb UbX 

WUliVfUhicb UfY bYWYggUfm6 WiffYbhlm acXYlg hhUh lcc_ ib acfY XYhUil hhY achicb cZ ibXijiXiUl 

jYgYhUhicb ghYag UfY bch mYh UddliWUVlY hc lUfgY gWUlY giailUhicbg) LiWh ibhYgfUhicb kcilX VY 

WcadihUhicbUllm YldYbgijY) ?ifhhYfacfY' hhY UggfYgUhY VYhUjicif cZ U WUbcdm XiZZYfg 

gigbiZiWUbhlm Zfca hhY gidYfdcgihicb cZ ibXijiXiUl VlUXYg ZcibX ib bUhifUl aYUXckg (SYllYf Yh 

Ul)' -+,/%) MhYfYZcfY WUliVfUhicb ig Ub iadcfhUbh dfcWYgg hc gc hhfcigh5 hhY acfY gUdg ib 

_bcklYXgY' Uggiadhicbg cf giadliZiWUhicbg aUXY' hhY acfY bYWYggUfm WUliVfUhicb ig) 

: bYk acXilY hhUh Ullckg U jUfiUVlY XfUg WcYZZiWiYbh ib hiaY UbX gdUWY (YeiUhicb ( -0 %% kUg 

UXXYX hc Q;YUWh) BbWfYUgibg hhY WcYZZiWiYbh JÄ iadliYg hhUh hhY XfUg WcYZZiWiYbh kill VYWcaY lYgg 

hhUb hhY ibihm Zcf U lUfgYf -J (?igifY -3%) Mhig hhfYghclX WUb VY fYlUhYX hc hhY ibhYfUWhicb cZ 

high jYlcWihm Zlckg kihhib U WUbcdm5 ibXYf ibiXifYWhicbUl Zlckg' U ghYlhYfibg YZZYWh kUg 

XYgWfiVYX Vm (KUidUWh' ,44-%' khYfY hhY idghfYUa WUbcdm YlYaYbhg fYXiWY hhY Zlck jYlcWihiYg 

hhUh fYUWh hhY XckbghfYUa YlYaYbhg' YbhUbWibg lckYf XfUgg Ug hhY Zlck UXjUbWYg (GYdZ' -+,,%) 

FcfYcjYf' hibibg hhY WcYZZiWiYbhg ib YeiUhicb ( .- % WhUbgYg hhY gYbgihijihm cZ hhY XfUg WcYZZiWiYbh 

hc -J' khiWh WUb VY fYlUhYX kihh hhY dlUbh ghiZZbYgg5 ZlYliVlY jYgYhUhicb YldYfiYbWY U XiZZYfYbh 

gYh cZ achicbg ibXYf cgWillUhcfm Zlck UbX U acfY fUdiX jUfiUhicb ib XfUg) ;YgiXYg' ih ig ghckb 

hhUh figiX jYgYhUhicb JK jUliYg UddfcUWh U WcbghUbh jUliY' khYfYUg hhY ZlYliVlY jYgYhUhicb XfUg 

WcYZZiWiYbh hYbXg hc XYWfYUgY kihh ibWfYUgibg -J (HnYfYb Yh Ul)' -+,/%6 hhY lYgg ghiZZbYgg hhY dlUbh 

dfYgYbhg' hhY YUgilm ih aighh VYbX' UbX hhY acfY eiiW_lm ih kill fYUWh lckYf jUliYg cZ XfUg 

WcYZZiWiYbh)  

:g U fYgilh cZ hhY dfcVlYag dfYgYbhYX kihh hhY highYf ZfYeiYbWiYg cZ hhY XUhU UbX Zcf WcadUfigcb 

difdcgYg' hhY acXYl cihdihg kUg hfUbgZcfaYX ibhc hhY gUaY dUfUaYhYfg (w%,��; 	!^%,zj%) Mc 

WhYW_ hhY dYfZcfaUbWY cZ hhY acXYl kihh hhY XiZZYfYbh ZcfailUg' hhY XUhU UbX hhY acXYl !^%,zj 

kYfY WcadUfYX5 
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LábWhYn(@cbnálYn Yh Ul) (-+,,%pg ZcfailU kUg ZcibX hc ibXYfYghiaUhY hhY YbYfgm XiggidUhicb 

kihhib hhY acXYl) MhY ZcfailU kUg XYfijYX Zfca hhY fYgilhg cVhUibYX kihh ZliaY YldYfiaYbhg 

hc U gWUlY cZ ,/-+ kihh UfhiZiWiUl I) cWYUbiWU aYUXckg) Bb cfXYf hc fYlUhY hhYif fYgilhg hc bUhifUl 

Zill gWUlY WcbXihicbg' hhY UddliWUhicb cZ hhY ?fciXY giailihiXY lUk ig bYYXYX) MhY gWUlibg ig VUgYX 

cb hhY Uggiadhicb hhUh hhY aUib dhmgiWUl ZcfWY VUlUbWibg hhY ibYfhiUl ZcfWYg ig gfUjihm' UbX chhYf 

dhmgiWUl ZcfWYg li_Y jigWcgihm cf YlUghiWihm UfY YffcbYciglm gWUlYX (AighYg' ,44.%) :XXihicbUllm' 

chhYf iadcfhUbh dfcWYggYg cWWiffibg ib WUbcdiYg' li_Y Zcf ibghUbWY hifVilYbWY' UfY igbcfYX ib 

?fciXY gWUlibg' UbX hhig bch dfcdYflm fYdfYgYbhYX ib gWUlYX hYghg (FUbWU Yh Ul)' -+,-%) MhY 

WcbXihicbg hYghYX kYfY Ulgc jYfm XiZZYfYbh hc hhcgY ZcibX ib hhY ZiYlX Xifibg U ghcfa5 hhYm hYghYX 

ailXYf kUjY WcbXihicbg UbX gaUllYf dYficXg ib ghUllckYf XYdhhg) ?ifhhYfacfY' Ulhhcigh hhY 

UfhiZiWiUl I) cWYUbiWU aYUXckg kYfY fYdfcXiWYX UWWcfXibg hc fYUl I) cWYUbiWU dlUbhg' hhY 

aYUXck gYh-id ib bUhifY lcc_g jYfm XiZZYfYbh Zfca hhUh cZ hhY ZliaY) MhY gWUlY YZZYWhg' hcgYhhYf 

kihh hhY XiZZYfYbh fYUWhicbg hc Zlck hhUh U WUbcdm aighh YldYfiYbWY ib hhY lUV cf ib hhY ZiYlX' 

aUm VY hhY WUigY cZ hhY kUjY YbYfgm XiggidUhicb ibXYfYghiaUhicb) 

Hb hhY chhYf hUbX' EihUf Yh Ul) (-+,.%pg ZcfailU kUg ZcibX hc cjYfYghiaUhY YbYfgm XiggidUhicb 

kihhib hhY acXYl) Mc XYfijY hhY ZcfailU' hhYm igYX hhY jYlcWihm XUhU WcffYgdcbXibg hc Fccfibg 

/ cZ hhY gUaY ZiYlX XUhU gYh igYX Zcf hhig FLW) hhYgig) MhYm hfUbgZcfaYX hhY jYlcWihm gdYWhfia 

ibhc gifZUWY YlYjUhicb gdYWhfia Vm Uddlmibg libYUf kUjY hhYcfm' UbX liaihibg hhY fYgilhibg 

gdYWhfia hc dYficXg lUfgYf hhUb -)4 g) Mhig hhfYghclX WcffYgdcbXg hc U Wih-cZZ ZfYeiYbWm cZ +)./ 

An) ;UgYX cb hhY YldYfiYbWY gUibYX Vm UbUlmnibg hhY XiZZYfYbh gdYWhfia ibXijiXiUllm' giWh Wih-

cZZ ZfYeiYbWm aighh hUjY lYX hc Ub cjYfYghiaUhicb cZ hhY kUjY hYighhg (YjYb Zcf aYUgifYaYbhg 

hU_Yb Uh XYdhhg cZ 3 a%) MhY gigbiZiWUbh kUjY hYighhg hhYm dfYgYbh Zcf hhY Zifgh ghcfa fYUWh hhY 

+)3 a Uh Fccfibg /' khiWh ig UfcibX +). a highYf hhUb hhY cVhUibYX Uddlmibg hhY aYhhcXclcgm 

YldlUibYX ib :ddYbXil ; (Hdhicb :%) Mhig cjYfYghiaUhicb cZ hhY kUjY hYighhg aighh YldlUib hhY 

cjYfYghiaUhicb ib kUjY YbYfgm cVhUibYX khYb ibhfcXiWibg hhY ZcfailU ib hhY Q;YUWh acXYl)  

Bb YeiUhicb ( .- %' hhY JÄ WcYZZiWiYbh kUg gijYb XiZZYfYbh jUliYg ib VYhkYYb hhcgY cZ hhY lihYfUhifY 

ZcfailUg) Mkc ZcfailUg gYYaYX hc hUjY U VYhhYf UgfYYaYbh kihh hhY XUhU' UbX kYfY ZifhhYf 

UbUlmgYX Vm WUlWilUhibg hhY XiZZYfYbWY ib kUjY hYighh VYhkYYb XUhU UbX acXYl' UbX hhY KFLE) 

EeiUhicb ( .1 % gUjY hhY VYgh fYgilhg) MhY UjYfUgY aYUb Yffcf VYhkYYb Fccfibgg ig cZ hhY cfXYf 

cZ - Wa' khiWh ig UddfcliaUhYlm hhY /% cZ hhY aYUb ibWiXYbh !^%,zj) LibWY hhY cZZghcfY 

VcibXUfm WcbXihicbg kYfY ZcfWYX hc aUhWh hhY XUhU cZZghcfY' lUfgYf XYjiUhicbg kYfY YldYWhYX 

Ug hhY kUjY hfUib UXjUbWYg) GcbYhhYlYgg' hhY kiXYf XighfiVihicbg kYfY ZcibX cb Fccfibg -' 

khiWh WcilX VY fYlUhYX hc hhY lckYf fYliUVilihm cZ aYUgifYaYbhg hU_Yb Uh XYYdYf kUhYf) MhY 

lUfgYgh XYjiUhicb khYb lcc_ibg Uh hhY Yffcf XighfiVihicb ig 1 Wa Zcf hhY 20% eiUbhilY cZ Fccfibg 

-' khiWh WUb VY WcbgiXYfYX U gaUll Yffcf Zcf kUjY hYighhg) Hb VUlUbWY' hhY CHGLP:I ghUdY 

Uggiadhicb dYfZcfaYX WcffYWhlm fYdfYgYbhibg hhY Yjclihicb cZ hhY UbUlmgYX ZfYeiYbWm VUbX)  

:WWcfXibg hc SYllYf Yh Ul) (-+,/%' aYUXckg ibWfYUgY hhY YZZYWhijY figiXihm cZ Ub ibXijiXiUl dlUbhg 

XiY hc hhY dhmgiWUl VlUXY hc VlUXY ibhYfUWhicb) Bh WcilX hhYb VY giggYghYX hhUh U figiX WmlibXYf 

UddfcUWh WcilX VY giZZiWiYbh hc fYdfYgYbh hhY WUbcdiYg) ?cf hhig kcf_' hhY ghcfa iadUWh Q;YUWh 

acXYl khiWh ig VUgYX ib hhig UddfcUWh' kUg UVlY hc giWWYggZillm fYdfcXiWY hhY ZiYlX 

aYUgifYaYbhg) 
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MhY WcadihYX XfUg WcYZZiWiYbh kihhib Q;YUWh Uh YjYfm hiaY ghYd ghckYX U gfYUh jUfiUVilihm ib 

hiaY UbX gdUWY (?igifY .,%) MU_ibg hhY UjYfUgY ib gdUWY cZ hhY aYUb XfUg WcYZZiWiYbh Zfca U 

hiaY jUfiUVlY XfUg WcYZZiWiYbh giailUhicb (?igifY .,%' giailUf acXYl cihdihg kYfY YldYWhYX) 

AckYjYf' hhY WcbghUbh XfUg WcYZZiWiYbh giailUhicb UddYUfYX hc YbhUbWY acfY kUjY YbYfgm 

XiggidUhicb (?igifY .-%6 Zcf U giailUf YbYfgm XiggidUhicb U lckYf WcbghUbh XfUg WcYZZiWiYbh ig hhig 

fYeiifYX) MhY lUhhYf ghckg U bcb-libYUf fYlUhicb VYhkYYb U WcbghUbh UbX U jUfiUVlY XfUg 

WcYZZiWiYbh giailUhicb) Mhig aighh VY YldlUibYX kihh hhY XiZZYfYbh WcadcbYbhg UZZYWhibg hhY 

WUlWilUhicb cZ hhY XfUg WcYZZiWiYbh kihh hhY CD-KC	ZcfailU) KC	XYdYbXg cb hhY cfVihUl jYlcWihm 

cb hcd cZ hhY WUbcdm' khiWh ib hifb XYdYbXg cb hhY kUjY hYighh) ?cf highYf kUjY hYighhg cf 

gaUllYf kUhYf XYdhhg' hhY KC	jUliY ibWfYUgYg UbX hhY XfUg WcYZZiWiYbh VYWcaYg gaUllYf' hhig 

dfcXiWibg lYgg XiggidUhicb) FcfYcjYf' Ug ghckb ib ?igifY -3' hhY YldcbYbhiUl fYlUhicb kill 

dfcXiWY U ghfcbg cf kYU_ YZZYWh cb hhY jUfmibg XfUg WcYZZiWiYbh XYdYbXibg cb hhY fUbgY cZ 

jYlcWihiYg (cf KC	jUliYg%) Mhig dfcXiWYg U Wcbhibicig ibhYfUWhicb VYhkYYb XfUg WcYZZiWiYbh UbX 

hhY hmXfcXmbUaiWg giailUhYX5 hhY hmXfcXmbUaiWg kill XiWhUhY hhY jUliY cZ hhY XfUg WcYZZiWiYbh' 

khiWh Uh hhY gUaY hiaY kill acXiZm hhY hmXfcXmbUaiWg) Hb hhY chhYf hUbX' U WcbghUbh XfUg 

WcYZZiWiYbh kill WcbhfiVihY hc hhY XiggidUhicb ibXiWYX Vm jYgYhUhicb YjYblm Zcf YjYfm hiaY ghYd' 

ibXYdYbXYbhlm cZ hhY ibWcaibg hmXfcXmbUaiWg) 

MhYfY ig U XYliWUhY VUlUbWY VYhkYYb acXYl WcadlYlihm UbX gmghYa ibXYfghUbXibg (PUlghfU' 

-+,1%) Cigh Ug igibg giadlY acXYlg aUm hYld hc iXYbhiZm U bYYX Zcf gfYUhYf WcadlYlihm' gc hcc 

aUm WcadlYl acXYlg VY igYX hc XYhYfaibY khiWh dfcWYggYg UfY UWhiUllm fYlYjUbh) LibWY jUfiUVlY 

UbX WcbghUbh XfUg WcYZZiWiYbhg miYlXYX WcadUfUVlY lYjYlg cZ UWWifUWm Zcf hhY WUgYg hYghYX (?igifY 

.-%' ih giggYghg hhUh hhY giadlYf aYhhcX aUm VY UWWYdhUVlY Zcf igY ib YbgibYYfibg UddliWUhicbg) 

GcbYhhYlYgg' ib hhig kcf_ hhY XiZZYfYbWY ib dYfZcfaUbWY VYhkYYb Vchh aYhhcXg hUg bch VYYb 

YjUliUhYX ib ghUllck kUhYfg) PhYb hhY jYgYhUhicb cWWidiYg U lUfgYf dcfhicb cZ hhY kUhYf Wcliab 

(Ug ih kcilX ib ghUllck kUhYf%' UbX hhY ibhYfUWhicb dlUbh-ZliiX VYWcaYg acfY ibhYbgY' hhY jUfiUVlY 

XfUg WcYZZiWiYbh aighh gijY VYhhYf fYgilhg XiY hc hhY acfY fYUlighiW UddfcUWh) EjYb hhcigh hhY 

ZibUl fYgilh UZhYf WUliVfUhicb aighh bch jUfm gigbiZiWUbhlm' hhY jUfiUVlY XfUg WcYZZiWiYbh ib hiaY 

WUb VY WcbgiXYfYX Ug U VYhhYf aYhhcX Zfca U dhmgiWg dcibh cZ jiYk) 

MhY acXYl ghckg hhUh kihh jYgYhUhicb UVgYbh' kUjYg acjibg hckUfXg hhY WcUgh ghUfh ghcUlibg 

Uh UddfcliaUhYlm 0++ a Zfca hhY ZifhhYgh cZZghcfY Fccfibg) MhY kUjY ghcUlibg ig bch 

giddfYggYX Vm hhY dfYgYbWY cZ jYgYhUhicb UbX hhY acXYllYX w%,�� ibWfYUgYg Vm /+ % cZ hhY 

ibWcaibg YbYfgm (?igifY .-%) Mhig ibWfYUgY ib kUjY YbYfgm kcilX lYUX hc highYf kUjYg fYUWhibg 

hhY WcUgh) @ijYb hhY ifVUbinUhicb cZ hhY FYXihYffUbYUb WcUghg' UbX hhY lUW_ cZ VYUWh 

UWWcaacXUhicb gdUWY' hhY ibWfYUgY ib kUjY YldcgifY XiY hc hhY XYWlibY cZ I) cWYUbiWU ig Ub 

iadcfhUbh dlUbbibg WcbgiXYfUhicb)  
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6 
CONCLUSIONS & 
RECOMMENDATIONS 
6.	CONCLUSIONS	AND	RECOMMENDATIONS	

6.1. CONCLUSIONS 
Mhig ghiXm ibjYghigUhYX hhY YZZYWh cZ I) cWYUbiWU ib kUjY YbYfgm XiggidUhicb) Mc Xc gc' hhY 

ZfYeiYbWiYg UfcibX hhY dYU_ ZfYeiYbWm cZ hhY jUfiUbWY XYbgihm gdYWhfia kYfY UbUlmgYX) MhY 

gUaY UbUlmgig kUg YlhYbXYX hc hhY ghcfa iadUWh Q;YUWh acXYl cihdihg' kihh hhY difdcgY cZ 

hYghibg ihg dYfZcfaUbWY cb acXYllibg ZlYliVlY jYgYhUhicb ib U bUhifUl gYhid) :XXihicbUllm' hhY 

iadlYaYbhUhicb cZ U hiaY UbX gdUWY jUfmibg XfUg WcYZZiWiYbh kUg YjUliUhYX) MhY Zcllckibg 

WcbWligicbg kYfY YghUVlighYX5  

• CcbgiXYfibg YbYfgm WcbgYfjUhicb Zfca hhY acgh cZZghcfY Fccfibg' YbYfgm XiggidUhicb kUg 

cVgYfjYX ib Ull hhY Vifghg UbUlmgYX) :ggiaibg hhUh chhYf dfcWYggYg giWh Ug khihY-WUddibg cf 

fYZfUWhicb UfY bYgligiVlY Zcf hhY dYficX UbUlmgYX' acgh cZ hhY YbYfgm XiggidUhYX WUb VY 

UhhfiVihYX hc hhY dfYgYbWY cZ I) cWYUbiWU aYUXckg) AYbWY' YlhYbgijY I) cWYUbiWU aYUXckg 
UfY YZZYWhijY Uh XUadibg kUjY YbYfgm Xifibg ghcfa WcbXihicbg)  

• : ghfcbg ibWfYUgY ib XiggidUhicb fUhY kUg cVgYfjYX Uh hhY ghcUlibg dcibh' khiWh giggYghg hhUh 

hhY kUjY YbYfgm Xfcdg XiY hc U ghfcbgYf ibhYfUWhicb VYhkYYb kUjYg UbX jYgYhUhicb)  

MhYfYZcfY' khYb kUjYg UddfcUWh hhig dcibh UbX ibhYfUWh kihh hhY Vchhca' I) cWYUbiWU 

ibXiWYg Ybcigh XiggidUhicb hc WcibhYfUWh hhY dfcWYgg cZ ghcUlibg6 kUjY YbYfgm hhUh kcilX 

bcfaUllm ibWfYUgY XiY hc ghcUlibg' UfY cVgYfjYX hc XYWfYUgY cjYf hhY aYUXckg)  
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• :ZhYf hhY lUfgY kUjY YbYfgm fYXiWhicb YldYfiYbWYX khYb kUjYg ghUfh ghcUlibg' hhY XiggidUhicb 

fUhY XYWfYUgYg Zcf hhY lcWUhicbg WlcgYf hc hhY ghcfY) IfYjiciglm UhhYbiUhYX kUjYg aighh VY 

lYgg YZZYWhijY Uh dfcXiWibg kcf_ cjYf hhY jYgYhUhicb' UbX hhig YldYfiYbWY lYgg YbYfgm 

XiggidUhicb) MhYfYZcfY' hhY YbYfgm XiggidUhicb XiY hc I) cWYUbiWU aYUXckg ib ibhYfaYXiUhY 

kUhYf ig XYdYbXYbh cb hhY ibWcaibg kUjY YbYfgm5 hhY acfY YbYfgm fYWYijYX' hhY acfY YbYfgm 

XiggidUhYX) 

• MhY hchUl YbYfgm XiggidUhicb fUhY cjYf 32+ a cZ I) cWYUbiWU kUg ZcibX hc VY gfYUhYf Zcf hhY 

acgh YbYfgYhiW WcbXihicbg' khiWh WcffcVcfUhYg hhY dfYjicig WcbWligicb5 hhY acgh YbYfgYhiW 

WcbXihicbg YldYfiYbWY hhY gfYUhYgh XiggidUhicb) :WWcfXibglm' I) cWYUbiWU aYUXckg UfY acfY 

YZZYWhijY Uh XUadibg kUjY YbYfgm iZ hhY Uffijibg kUjYg UfY acfY YbYfgYhiW)  

• ?cf hhY WUliVfUhicb cZ hhY ghcfa iadUWh Q;YUWh acXYl' hhY 	JÄ WcYZZiWiYbh ib YeiUhicb ( -0 % 

kUg jUfiYX) ;YWUigY cZ hhY jUfiUVilihm Uacbg Vifghg' hc ZibX U ibieiY CD-KC	ZcfailU hhUh 

XYgWfiVYg hhY VYhUjicif cZ I) cWYUbiWU kihhib hhY acXYl ig bch dcggiVlY) MhY XmbUaiW bUhifY 

cZ hhY kUjY-jYgYhUhicb ibhYfUWhicb ig iadcfhUbh khYb XYhYfaibibg hhY XfUg WcYZZiWiYbh 

(HnYfYb Yh Ul)' -+,/%' hckYjYf ib bUhifUl gYhidg UbX ghcfa WcbXihicbg' hhig ibhYfUWhicb ig bch 

UlkUmg YUgm hc ghiXm cf dfYXiWh) GYjYfhhYlYgg' U ZcfailU hhUh dfcjiXYg Ub cjYfUll gccX Zihhibg 

kihh hhY hYghg WcilX VY ZcibX) 

• :ZhYf hfmibg XiZZYfYbh CD-KC	ZcfailUhicbg' YeiUhicb ( .1 % kUg ZcibX hc gijY U WcbgiXYfUVlY 

gccX fYgilh khYb fYdfYgYbhibg hhY !^%,zj Yjclihicb ib hhY Wfcgg(ghcfY XifYWhicb) 

CcbgYeiYbhlm' XYgdihY hhY jUfiUVilihm dfYgYbhYX Uacbg Vifghg' hhY Q;YUWh acXYl kUg UVlY 

hc giWWYggZillm fYdfcXiWY hhY YbYfgm XiggidUhicb WUlWilUhYX Zcf ghcfa WcbXihicbg ib 

ibhYfaYXiUhY kUhYfg) 

• : hiaY UbX gdUWY jUfiUVlY XfUg WcYZZiWiYbh dfcjiXYX U VYhhYf ibgighh cZ hhY dfcWYggYg kihhib 

hhY acXYl hhUh fYdfYgYbh hhY bUhifY cZ jYgYhUhicb-Zlck ibhYfUWhicb) AckYjYf' Zcf 

YbgibYYfibg-dfUWhiWUl difdcgYg' U WcbghUbh XfUg WcYZZiWiYbh UddYUfg hc VY giZZiWiYbh' khiWh 

WcbZifag hhY aYhhcX UddliYX Vm OUb KccijYb Yh Ul)' (-+,06 -+,1%) 

• Bb UgfYYaYbh kihh hhY XUhU UbUlmgig' hhY acXYl fYgilhg ibXiWUhY hhUh hhY dfYgYbWY cZ 

jYgYhUhicb gigbiZiWUbhlm fYXiWYg kUjY YbYfgm UbX WcibhYfUWhg hhY YZZYWh cZ ghcUlibg) 

:WWcfXibg hc hhY acXYl' hhY UVgYbWY cZ jYgYhUhicb WcilX lYUX hc gigbiZiWUbhlm highYf kUjY 

YbYfgm fYUWhibg hhY ghcfY Xifibg U ghcfa YjYbh) ;YWUigY cZ hhY XUbgYfcig fUhYg Uh khiWh I) 

cWYUbiWU ig XigUddYUfibg (CcfXà Yh Ul)' -+,-%' hhig YlhfU YbYfgm ghcilX VY hU_Yb ibhc UWWcibh 

Zcf ZihifY YjYbhg' gdYWiUllm ib WcUghUl ifVUbigYX ncbYg khYfY ghcfag UlfYUXm WUigY XUaUgY6 

Ub ibhYbgiZiWUhicb cZ hhY kUjY WcbXihicbg WUb VY fYlUhYX kihh U aUgbiZiWUhicb cZ hhY XUaUgYg 

ib bYUf-ghcfY ibZfUghfiWhifY)  

=ifibg ghcfa WcbXihicbg' YlhYbgijY I) cWYUbiWU aYUXckg dfYgYbh ib ibhYfaYXiUhY kUhYf 

XYZibihYlm hYld hc fYXiWY hhY hhY ghcfa iadUWh cb hhY WcUgh Vm XiggidUhibg kUjY YbYfgm) 

?ifhhYfacfY' aUbm ghiXiYg WcbZifa hhUh I) cWYUbiWU ig jYfm YZZiWiYbh Uh lcWUllm fYXiWibg 

cgWillUhcfm Zlckg bYUf hhY VYX Vm YbhUbWibg gYXiaYbh fYhYbhicb' UbX gc fYXiWibg gYXiaYbh 

hfUbgdcfh (CifUclc Yh Ul)' -++16 @UWiU & =iUfhY' -++,6 EihUf Yh Ul)' -+,.6 FUbWU Yh Ul)' -+,-%) 
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:XXihicbUllm' hhiW_ lUmYfg cZ XYUX I) cWYUbiWU WUb VY ZcibX cb hhY VYUWh WcjYfibg hhY ghcfY 

(?igifY ..%' UWhibg Ug U ViZZYf Zcf kUjYg UbX dfchYWhibg hhY VYUWh Zfca Yfcgicb) Mhig 

aUWfcdhmhY' Ulhhcigh bch U hchUl XYZYbWY Zcf hhY WcUgh' WlYUflm dfcjiXYg gigbiZiWUbh dfchYWhicb5 

I) cWYUbiWU  ig hhYfYZcfY iadliWihlm ibWliXYX ib hhY WcUghUl XYZYbWY gmghYag cZ hhY FYXihYffUbYUb 

UfYUg) CcbgYeiYbhlm' ihg YlhibWhicb aighh gigbiZm hhY XigUddYUfUbWY cZ hhY FYXihYffUbYUb 

VYUWhYg Ug kY _bck hhYa bck' YihhYf VYWUigY cZ lcgh ib kUhYf WlUfihm' lUW_ cZ gYXiaYbh fYhYbhicb 

cf VYWUigY kUjY ghcfa iadUWh cb hhY WcUgh WUb dfcXiWY gfYUhYf XUaUgYg)  

 

  
Figure	33.	Dead	P.	oceanica	acting	as	buffer	for	waves.	The	picture	was	taken	next	to	Valldemossa's	port,	in	Mallorca.	

(Source:	Ana	María	Serrano)	

 

6.2. RECOMMENDATIONS FOR FURTHER RESEARCH 
Pihh hhY Uia cZ iadfcjibg ZihifY XUhU WUadUigbg' hhig gYWhicbg dfcjiXYg U gYfiYg cZ 

fYWcaaYbXUhicbg VUgYX cb hhY YldYfiYbWY gUibYX khilY UbUlmgibg hhY XUhU) ?ifhhYfacfY' 

UWhicbg hhUh WUb VY hU_Yb hc YbhUbWY hhY ZibXibgg cb hhig fYdcfh UfY Ulgc ghUhYX) 

• EbgifY XYdhh-ZfYeiYbWm liaihUhicbg UfY ZilZillYX Zcf hhY khclY fUbgY cZ ZfYeiYbWiYg dfYgYbh 

cb hhY gYU ghUhY VYZcfY hhY aYUgifibg WUadUigb) 

MhY gYU ghUhY ig igiUllm WcadcgYX cZ XiZZYfYbh ZfYeiYbWm kUjYg' gdYWiUllm ib U ZYhWh liaihYX 

YbjifcbaYbh li_Y hhY FYXihYffUbYUb) MhY cWWiffYbWY cZ lckYf ZfYeiYbWm kUjYg' cZ Zcf ibghUbWY 

3 g' Xc bch iadlm hhUh highYf ZfYeiYbWm kUjYg' cZ Zcf YlUadlY 1 cf / g' kill VY gidfYggYX) BZ 

dlUWibg U dfYggifY gYbgcf ib XYYd kUhYf kihh hhY iXYU cZ WUdhifibg U ghcfa YjYbh kihh U dYU_ 

dYficX cZ 3g' XYdhh UbX ZfYeiYbWm liaihUhicbg bYYX hc VY WhYW_YX' bch cblm Zcf hhY WcffYgdcbXibg 

ZfYeiYbWm' Vih Ulgc Zcf highYf ZfYeiYbWiYg hhUh WcbhfiVihY hc hhY gYU ghUhY) Bb gYbYfUl' dfYggifY 

gYbgcfg UfY bch fYliUVlY ib lUfgY XYdhhg VYlck +)0E (E Ug kUjY lYbghh%) :lhYfbUhijYg WUb Wcbgigh 

cb UWcighiW XYjiWYg hhUh aYUgifY hhfcighcih U lUfgY jcliaY cZ kUhYf' li_Y Ub :=CI' cf gifZUWY 

aYUgifibg ibghfiaYbhg li_Y Vicmg) HZZghcfY WcbXihicbg UfY iadcfhUbh hc hUjY Ub iXYU cZ hhY 

ibWcaibg gYU ghUhY' bcbYhhYlYgg' ibWcadlYhY fYWcfXg WcilX lYUX hc U aigibhYfdfYhUhicb cZ hhY 

UbUlmgig fYgilhg) 
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• LhcfhYf Vifgh ibhYfjUlg UbX lcbgYf Vifgh XifUhicb) 

MhY fYWcfXg ghcilX VY ghcfh Ybcigh hc VY WcbgiXYfYX Ug ghUhicbUfm' Vih Ulgc lcbg Ybcigh hc 

cVhUib fYUgcbUVlm fYliUVlY XUhU (AclhhiijgYb' -++2%) : ghcfhYf Vifgh ibhYfjUl cZ cbY hcif' kihh 

U Vifgh XifUhicbg lUfgYf hhUb ,0 aibihYg WUb dfcjiXY U gccX XUhU gYh (IcaYfcm Yh Ul)' -+,-6 

JiUhUYfh Yh Ul)' -+,06 Pi Yh Ul)' -+,,%) 

• FYUgifYaYbhg khYfY I) cWYUbiWU ig dfYgYbh ib ghUllck kUhYf' Ug kYll Ug gYUgcbUl WUadUigbg' 

UfY YbWcifUgYX) 

MhY dfYgYbh ghiXm kUg WUffiYX cih kihh XUhU cjYf I) cWYUbiWU ib ibhYfaYXiUhY kUhYf) Hb hhY 

chhYf hUbX' hhY YZZYWh cZ I) cWYUbiWU hUg dfcjYb ib ZliaY YldYfiaYbhg hc VY acfY YZZYWhijY ib 

ghUllckYf kUhYfg UbX kihh ibWfYUgibg giVaYfgYX fUhic (Elgibcn Yh Ul)' -+,,6 FUbWU Yh Ul)' -+,-6 

LábWhYn-@cbnálYn Yh Ul)' -+,,%) ?iYlX ghUllck kUhYf XUhU kcilX Ullck U WcadUfigcb VYhkYYb 

hhY fYgilhg cb hhY ZliaY UbX hhY ZiYlX' UbX U acfY XYhUilYX UbUlmgig cZ hhY YZZYWhg cZ I) cWYUbiWU 
cb kUjY hmXfcXmbUaiWg) ?cf ibghUbWY' ih WcilX VY UggYggYX hhY ibZliYbWY cZ I) cWYUbiWU cb 

ibZfUgfUjihm kUjYg bYUf-ghcfY' hhY ZfYeiYbWm XYdYbXYbWm cb kUjY XUadibg cf ihg ibZliYbWY cb 

kUjY gYh-id)  

: gccX WUadUigb gYhid kcilX ibWliXY U aYUgifibg XYjiWY Zcf cZZghcfY kUjY WcbXihicbg' gYjYfUl 

ibghfiaYbhg hc WUdhifY hhY gYU ghUhY cjYf I) cWYUbiWU UbX chhYf ibghfiaYbhg aYUgifibg cjYf gUbX 

Vchhca khYb hhY aYUXck ig bc lcbgYf dfYgYbh)  

:XXihicbUllm' Zcllckibg hhY Zifgh fYWcaaYbXUhicb' ib ghUllck kUhYfg hhY dfYggifY gYbgcf aighh 

VY UVlY hc cjYfWcaY hhY XYdhh-ZfYeiYbWm liaihUhicbg) MhYfYZcfY' U XighibWhicb VYhkYYb hhY 

fYgdcbgY cZ I) cWYUbiWU Xifibg WUla UbX ghcfa WcbXihicbg WcilX Ulgc VY ibjYghigUhYX)  

LYUgcbUl WUadUigbg WcilX gijY U VYhhYf ibgighh cb hhY kUjY UhhYbiUhicb XYdYbXYbWm cb 

jYgYhUhicb hYighh UbX XYbgihm) 

:ll hhY fYWcaaYbXUhicbg UVcih ZiYlX XUhU aYUgifYaYbhg WcilX gYfjY hc jUliXUhY acXYlg hhUh 

ibWcfdcfUhY jYgYhUhijY UhhYbiUhicb acXYlg ibhc YWc-gmghYag cf WcUghUl gWUlY cWYUb acXYlg li_Y 

Q;YUWh)  

• Mc VYhhYf WcadfYhYbX hhY dfcWYggYg ibjcljibg jYgYhUhicb UbX hmXfcXmbUaiWg' ZihifY 

ibjYghigUhicbg ghcilX WcbhibiY YldYfiaYbhibg kihh hhY jUfiUVlY XfUg WcYZZiWiYbh acXilY cZ 

Q;YUWh) 

MhY fclY cZ bUhifUl I) cWYUbiWU aYUXckg ib ghUllck kUhYf ig ghill dccflm ibXYfghccX) Mc hhY 

_bcklYXgY cZ hhY Uihhcf' hmXfcXmbUaiW XUhU cjYf bUhifUl I) cWYUbiWU aYUXckg ib ghUllck 

kUhYf ig bcb-YlighYbh) ;m ghiXmibg ib acfY XYhUil hhY jUfiUVlY XfUg WcYZZiWiYbh ibXYf XiZZYfYbh 

kUjY fYgiaYg' kUhYf XYdhhg cf jYgYhUhicb gYhidg' hhY igY cZ hhY dfcWYgg-VUgYX acXYl Q;YUWh 

aUm gijY U VYhhYf ibgighh ibhc gihiUhicbg khYfY jYgYhUhicb ibhYfUWhicb ig acfY WcadlYl' cf khYb 

ih WUb VY XYgWfiVYX igibg U giadlYf UddfcUWh) 
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A 

APPENDIX 
APPENDIX	A	

A.1. INTRODUCTION 
Mhig :ddYbXil ig UXXYX hc gijY U VfiYZ YldlUbUhicb cZ hhY ZibXUaYbhUl VYhUjicif cZ cWYUb 

kUjYg' XYfijYX Zfca libYUf kUjY hhYcfm' ib cfXYf hc ibXYfghUbX VYhhYf hhY liaihUhicbg cZ hhY 

dfYggifY gYbgcfg cf chhYf giVgifZUWY aYUgifibg XYjiWYg dlUWYX cb hhY gYU-Vchhca) 

A.2. WAVE ORBITAL VELOCITY AND DYNAMIC PRESSURE 
CcbgiXYf hhY giadlY WUgY cZ U gibglY kUjY dfcdUgUhibg bcfaUl ibWiXYbh hc hhY WcUgh (ib hhY l-
XifYWhicb%) MhY YeiUhicbg XYfijYX Zfca libYUf kUjY hhYcfm hhUh XYgWfiVY hhY kUjY UfY hhY 

Zcllckibg5 

	 = = —“
1\Wℎ S(< + ℎ)

WXYℎ Sℎ 1\W(S# − “ï)	 (	39	)	

	 ” = 	—“
WXYℎ S(< + ℎ)

WXYℎ Sℎ WXY(S# − “ï)	 (	40	)	

	 ØÀ = IT—
1\Wℎ S(< + ℎ)

WXYℎ Sℎ 	WXY(S# − “ï)	 (	41	)	

	 “Ä = 	TS	ï—Yℎ(Sℎ)	 (	42	)	

PhYfY = UbX ” UfY hhY hcfincbhUl UbX jYfhiWUl dUfhiWlY jYlcWihm fYgdYWhijYlm' UbX ØÀ ig hhY 

XmbUaiW dfYggifY YeiUhicb) MhY kUhYf XYbgihm ig I'�	— ig hhY UadlihiXY cZ hhY kUjY Uh hhY 

gifZUWY'�“ ig hhY UbgilUf ZfYeiYbWm cZ hhY kUjY' S ig hhY kUjY biaVYf cZ hhY kUjY ℎ ig hhY 

kUhYf XYdhh UbX T ig UWWYlYfUhicb XiY hc gfUjihm)  
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EeiUhicbg ( .4 % UbX ( /+ %�ghck hhUh hhY dUfhiWlYpg UadlihiXY jYlcWihm ZliWhiUhicbg UfY giVjYWh 

hc XiZZYfYbh WcbghfUibhg' Ulhhcigh Vchh XYdYbX cb kUhYf XYdhh (<%' hhY hchUl kUhYf XYdhh' hhY 

UbgilUf ZfYeiYbWm UbX hhY kUjY biaVYf) MhY XmbUaiW dfYggifY ZliWhiUhicbg hYfa ib YeiUhicb ( 

/, % ig iXYbhiWUl hc hhUh cZ hhY hcfincbhUl dUfhiWlY jYlcWihm' UbX ihg VYhUjicif ig UggcWiUhYX kihh 

hhY WcaVibYX YZZYWh cZ hhY jYfhiWUl UWWYlYfUhicb UbX hhY WhUbgY kihh XYdhh cZ hhY kUhYf Wcliab 

(?igifY ./%) EeiUhicb ( /- % ig hhY XigdYfgicb fYlUhicb Zfca libYUf kUjY hhYcfm' khiWh ig fYlUhYX 

hc hhY kUjY biaVYf UbX hhY kUhYf XYdhh) :ggiaibg hhUh ZfYeiYbWm XcYg bch WhUbgY' U kUjY 

kihh U gijYb dYficX hhUh dfcdUgUhYg ibhc ghUllckYf kUhYf kill WhUbgY ihg kUjY biaVYf' UbX 

hhYfYZcfY ihg kUjYlYbghh) MhYgY dUfUaYhYfg WhUbgY Ug hhY kUjY dfcdUgUhYg ibhc ghUllckYf 

kUhYfg)  

Bb ?igifY .0' hhY giadlY WUgY cZ U bcfaUl ibWiXYbh kUjY dfcdUgUhibg dfcdUgUhibg Zfca XYYd 

kUhYf ibhc ghUllck kUhYf ig ghckb) Bh WUb VY gYYb hck ib XYYd kUhYf hhY dUfhiWlYg Zcllck U 
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Figure	35.	A	two	meters	wave	propagating	into	shallower	water.	Each	red	trace	represents	a	particle's	path	as	the	wave	
passes.	There	are	three	cases	depicted:	deep	water,	intermediate	water	and	shallow	water.	A:	eight	second	period	wave.	

B:	five	second	wave	period.	 

Figure	34.	Dynamic	pressure	behaviour	under	a	wave	length. 
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WifWilUf achicb khiWh XiUaYhYf XYWfYUgYg kihh XYdhh' i)Y) hhY kUjYg Xcbph ZYYl hhY Vchhca) :g 

hhY kUjY acjYg hc ghUllckYf kUhYf' hhY jYfhiWUl jYlcWihm UhhYbiUhYg ZUghYf kihh XYdhh hhUb hhY 

hcfincbhUl jYlcWihm' lYUXibg hc hcfincbhUl dUhhg bYUf hhY gYU Vchhca) Bb ?igifY .0 ih WUb Ulgc VY 

UddfYWiUhYX hhUh hhYfY ig U WcbgiXYfUVlY XiZZYfYbWY VYhkYYb kUjYg cZ XiZZYfYbh dYficXg5 hhY 

jYlcWihm UadlihiXY Zcf gaUllYf dYficX kUjYg XYWfYUgY ZUghYf hhfcigh hhY kUhYf Wcliab' UbX hhig 

highYf ZfYeiYbWm kUjYg ghUfhg ZYYlibg hhY Vchhca ib ghUllckYf kUhYfg hhUb kUjYg kihh lcbgYf 

dYficXg) :g ghUhYX VYZcfY' hhY XmbUaiW dfYggifY ZliWhiUhicbg WUb VY gYYb Ug hhcgY cZ hhY 

hcfincbhUl jYlcWihiYg' hhig hhY gUaY fYUgcbibg WUb VY UddliYX5 ib XYYd kUhYf dfYggifY ZliWhiUhicbg 

Xc bch ZYYl hhY Vchhca UbX Zcf ghcfhYf dYficX kUjYg hhY dfYggifY dYbYhfUhicb ibhc hhY kUhYf 

Wcliab ig aibcf)  

A.3. MEASURING WITH SUBSURFACE INSTRUMENTS.  
FUbm ibghfiaYbhg dlUWYX cb hhY gYU-Vchhca Xc bch aYUgifY XifYWhlm hhY ZfYY gYU gifZUWY 

YlYjUhicb) =iY hc khUh ig YldlUibYX ib gYWhicb :)-' kUjYg VYWcaY acfY XiZZiWilh hc YghiaUhY 

khYb hhYm UfY aYUgifYX ib XYYd kUhYf UbX/cf khYb hhYif dYficX ig ghcfh) Gc YbYfgm kill VY 

aYUgifY iZ hhY ibghfiaYbh ig dlUWYX VYbYUhh hhY dcibh hhUh hhY YbYfgm fYUWhYg) MhY gigbUl 

UhhYbiUhicb hhfcigh hhY kUhYf Wcliab YldlUibg khm giWh ibghfiaYbhg UfY XYdhh UbX ZfYeiYbWm 

liaihYX khYb aYUgifibg kUjYg) 
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B 

APPENDIX 
APPENDIX	B	

B.1. INTRODUCTION 
Pihh XYYd kUhYf kUjY Vifgh YlWliXYX' hhY hfUbgZYf ZibWhicb (YeiUhicb ( ,- %% geiUfYX' VUgYX cb 

libYUf kUjY hhYcfm' kUg dfcjYX Vm ChYbg(AUb Yh Ul) (-++0% hc gijY U gccX YghiaUhicb cb hhY 

gigbiZiWUbh kUjY hYighh kihh Ub UjYfUgY XYjiUhicb cZ .)1%) AckYjYf' hhY hfUbgZYf ZibWhicb 

WUbbch VY UddliYX hc Ull hhY ZfYeiYbWiYg UbX U Wih-cZZ ZfYeiYbWm ig bYYXYX) Mhig UddYbXil 

YldlUibg hhY fYUgcbibg VYhibX igibg hhY Wih-cZZ ZfYeiYbWm' UbX dfYgYbhg hkc ghiXiYX XiZZYfYbh 

dfcWYXifYg hc XYUl kihh hhY ZfYeiYbWiYg hhUh ZUll UZhYf hhY Wih-cZZ ZfYeiYbWm) 

B.2. CUT-OFF FREQUENCY 
IfYggifY gYbgcfg UfY ZfYeiYbWm UbX XYdhh liaihYX) MhY gigbUlg UggcWiUhYX kihh hhY XmbUaiW 

dfYggifY UfY UhhYbiUhYX YldcbYbhiUllm kihh XYdhh (:ddYbXil :%) MhY XYgfYY cZ UhhYbiUhicb ig 

ghfcbglm XYdYbXYbh cb kUhYf XYdhh UbX kUjY lYbghh5 kUjYg VYWcaY acfY XiZZiWilh hc YghiaUhY 

kihh ibWfYUgibg kUhYf XYdhh cf kihh ghcfhYf dYficX kUjYg) :lgc' hhY high ZfYeiYbWm WcadcbYbhg 

cZ hhY dfYggifY gdYWhfia WUb VY dUfhlm cf WcadlYhYlm lcgh XiY hc ibghfiaYbh liaihUhicbg (;ighcd 

& =cbYlUb' ,432%) MhYgY YZZYWhg UXX bcigY hc hhY fYWcfXg Xighcfhibg hhY fYUl aYUgifYaYbhg UbX 

lYUX hc U ZUlgY gfckhh Ug kY acjY id ib ZfYeiYbWm5 hhY gigbUl Xfcdg ibhc hhY Zlccf bcigY khilY 

hhY hfUbgZYf ZibWhicb gfckhhg YldcbYbhiUllm)  

Bb cfXYf hc gYh U acfY fYUlighiW jUfiUbWY XYbgihm gdYWhfia' U Wih-cZZ ZfYeiYbWm ig igiUllm UddliYX) 

Mhig Wih-cZZ ZfYeiYbWm XYliaihg hhY gfckhh cZ hhY hfUbgZYf ZibWhicb Ub (ChYbg(AUb Yh Ul)' -++0%) 

LiVgYeiYbh hc hhig dUfUgfUdh' hhY hkc cdhicbg YjUliUhYX hc XYUl kihh hhY ZfYeiYbWiYg hhUh ZUll 

UZhYf hhY Wih-cZZ ZfYeiYbWm UfY dfYgYbhYX) 
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Figure	36.	The	upper	figure	shows	the	power	density	spectrum	for	every	Mooring	on	the	14/07	at	14:00.	The	middle	figure	

shows	the	variance	density	spectrum	that	results	after	applying	the	transfer	function	(lower	figure)	to	the	pressure	
spectrum.	

OPA6ON . 

;ighcd UbX =cbYlUb (,432% UXjiWY hc igY U high-ZfYeiYbWm Wih-cZZ giWh Ug5 

	 yjj o = yjj o 			o\p			o ≤ 	of 	 (	43	)	

	 yjj o = 0											o\p			o > 	of 	 (	44	)	

PhYfY of ig hhY Wih-cZZ ZfYeiYbWm' khiWh YbgifYg bc UfhiZiWiUl YbYfgm Zfca khihY bcigY ibWliXYX 

ib hhY dckYf gdYWhfU) BZ hhig liaih ig bch UddliYX cf hhY bcigY cZ hhY aYUgifYaYbhg ig bch 

giVhfUWhYX Zfca hhY aYUgifYaYbhg' hhY high-ZfYeiYbWm YbX cZ hhY dfYggifY gdYWhfia WUb XiZZYf 

Zfca hhY hfiY gifZUWY kUjY gdYWhfia (;ighcd & =cbYlUb' ,432%) ?cf hhig FLW) hhYgig' hUlZ cZ 

hhY XYYd kUhYf kUjY liaih (h/L	=	0.25' VYibg h hhY kUhYf XYdhh UbX L hhY kUjY lYbghh% kUg igYX 

hc XYliaihUhY hhY gfckhh cZ hhY hfUbgZYf ZibWhicb) ?cf hhY highYf ZfYeiYbWiYg' hhY hfUbgZYf ZibWhicb 

kUg _Ydh WcbghUbh UbX YeiUl hc hhY jUliY WcffYgdcbXibg hc hhY Wih-cZZ ZfYeiYbWm (YeiUhicb ( ,. 

% & ( ,/ %%) ;YWUigY hhY Wih-cZZ ZfYeiYbWm XYdYbXg cb kUhYf XYdhh UbX kUjY lYbghh' ih jUfiYg 

Uacbggh hhY XiZZYfYbh Fccfibgg) Mc WlUfiZm hhY dfcWYXifY' Ub YlUadlY cZ giWh hfUbgZcfaUhicb 

ig gijYb ib ?igifY .1' khYfY ih WUb VY gYYb hck hhY hfUbgZYf ZibWhicb ig _Ydh WcbghUbh UZhYf hhY 

Wih-cZZ ZfYeiYbWm) MhY XiZZYfYbh Wih-cZZ ZfYeiYbWiYg Zcf hhY XiZZYfYbh Fccfibgg UfY Ulgc illighfUhYX 

ib hhY lckYf gfUdh cZ hhY gUaY ZigifY)  
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OPA6ON B 

GHKMED :L (-++-% gcZhkUfY XYhYfaibYg hhY Wih-cZZ ZfYeiYbWm Ug hhY lUgh lcWUl aibiaU' UVcjY 

U aUliaia UadliZiWUhicb ZUWhcf ib hhY gdYWhfia Ug hhYm gkYYd id ib ZfYeiYbWm) MhYb' Uggiaibg 

U CHGLP:I hmdY gdYWhfia' hhYm YlhfUdclUhY ib hYfa cZ ZfYeiYbWm Uh U fUhY cZ f-4.5 Zfca hhY Wih-

cZZ ZfYeiYbWm cbkUfXg) 

B.3. RESULTS 
Pihh cdhicb :' hhY aYUb kUjY hYighhg cVhUibYX Zfca hhY gifZUWY YlYjUhicb gdYWhfia fYUWh hhY 

+)2 a Zcf hhY Zifgh ghcfa UbX +)1 a Zcf hhY gYWcbX ghcfa (?igifY .2%) MhY XiZZYfYbWY ib kUjY 

hYighhg VYhkYYb hhY acgh cZZghcfY UbX hhY acgh cbghcfY ig cZ hhY cfXYf cZ +)- aYhYfg UfcibX 

hhY ,/hh cZ Cilm' Xifibg hhY Zifgh ghcfa)  

 

PhYb igibg cdhicb ; id hc aUliaia ZfYeiYbWm cZ +)0 An' hhY kUjY hYighhg cVhUibYX UfY hhY 

cbYg igYX ib BbZUbhYg Yh Ul) (-+,-% (?igifY .3%) MhY kUjY hYighhg YlWYYX ,a ib hhY acgh cZZghcfY 

Fccfibg) Pihh hhig UddfcUWh hhY XiZZYfYbWY ib kUjY hYighhg VYhkYYb Fccfibg 0 UbX , ig UfcibX 

+)4 aYhYfg Zcf hhY Zifgh ghcfa YjYbh)  

MhYfY ig U WcbgiXYfUVlY XiZZYfYbWY VYhkYYb hhY fYgilhg cVhUibYX ihiligibg Vchh aYhhcXg) Ngibg 

cdhicb ; hhY acgh cZZghcfY Fccfibg dfYgYbhg XciVlY hhY kUjY hYighh Zcf hhY gUaY dYficX kihh 

fYgdYWh hc cdhicb : fYgilhg)  
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Figure	37.	High	frequency	mean	wave	heights	obtained	applying	Option	A	for	the	transformation	from	pressure	to	density	
spectrum.	The	dashed	lines	indicate	the	beginning	and	the	end	of	the	storms. 

Figure	38.	Significant	wave	heights	obtained	applying	Option	B	for	the	transformation	from	pressure	to	variance	density	
spectrum.	(Source:	Infantes	et	al.	(2012)). 
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B.4. DISCUSSION 
;chh aYhhcXg dfYgYbh hhYif Uggiadhicbg UbX liaihUhicbg) Pihh cdhicb : highYf ZfYeiYbWiYg 

aighh VY ibXYfYghiaUhYX) Hb hhY chhYf hUbX' cdhicb ; ig highlm gYbgihijY hc hhY bcigY WUdhifYX 

Vm hhY ibghfiaYbh UbX hhY kUhYf XYdhh) MhY bcigY gccbYf ghUfhg XcaibUhibg Uh lckYf ZfYeiYbWiYg 

hhY XYYdYf hhY ibghfiaYbh ig dlUWYX) MhUh iadliYg U lckYf Wih-cZZ ZfYeiYbWm Zcf aYUgifYaYbhg Uh 

XYYdYf kUhYfg UbX hhY UXXihicb cZ acfY dgYiXc YbYfgm hc hhY gifZUWY YlYjUhicb gdYWhfia) Mhig 

YlhfU YbYfgm Zcf hhY XYYdYf kUhYf aYUgifYaYbhg WUb lYUX hc U aUgbiZiWUhicb cZ hhY kUjY hYighhg 

Zcf hhY acgh cZZghcfY Fccfibgg WcadUfYX hc hhY ghUllckYf cbYg) 

B.5. CONCLUSION 
IfYggifY aYUgifibg XYjiWYg UfY ZfYeiYbWm UbX XYdhh liaihYX (GHKMED :L' -++-%6 XYdYbXibg 

cb hhY gYU ghUhY UbX hhY ibghfiaYbh XYdhh' ih aighh hUddYb hhUh kUjYg Xc bch ZYYl hhY Vchhca 

cf' ib chhYf kcfXg' hhY ibghfiaYbh Xc bch ZYYl hhY kUjYg) ?cf Ull hhY XYdhhg kYfY hhY ibghfiaYbh 

kUbh hc VY XYdlcmYX' ih ig iadcfhUbh hc VY UkUfY cZ giWh liaihUhicbg) MhY gYU ghUhY ig igiUllm 

iffYgilUf UbX WcadcgYX Vm kUjYg cZ aUbm XiZZYfYbh ZfYeiYbWiYg' gdYWiUllm ib ZYhWh liaihYX 

YbjifcbaYbhg khYfY kibX kUjYg UfY XcaibUbh) PhYb lcc_ibg Uh hhY ibghfiaYbh XYdhh-

ZfYeiYbWm liaihUhicbg ih ig WfiWiUl hc hUjY ibhc UWWcibh hhY khclY dchYbhiUl fUbgY cZ ZfYeiYbWiYg 

hhUh hhY gYU-ghUhY aighh WcbhUib)  

?fca hhY jUfiUbWY XYbgihm gdYWhfia' hhY kUjYg ghUhighiWUl WhUfUWhYfighiWg WUb VY cVhUibYX) Bg 

hhYfYZcfY WfiWiUl hc dfcWYYX kihh hhY hfUbgZcfaUhicb Zfca fUk XUhU hc jUfiUbWY XYbgihm gdYWhfia 

ib hhY acgh UWWifUhY kUm dcggiVlY) :g dfcjYX hYfY' hhY fYgilhg UfY jYfm aiWh XYdYbXYbh cb hhY 

UddfcUWh gYlYWhYX hc hfUbgZcfa hhY dfYggifY XYbgihm gdYWhfia ibhc gifZUWY YlYjUhicb gdYWhfia) 
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APPENDIX 
APPENDIX	C	

C.1. INTRODUCTION 
;YZcfY hhY ZibUl Q;YUWh acXYllibg aYhhcXclcgm kUg YghUVlighYX' hhY giVgYeiYbh cZZghcfY 

VcibXUfm WcbXihicbg UbX aYhhcXclcgm kYfY ZcllckYX) MhY cVjYWhijY kUg hc fYdfYgYbh hhY khclY 

ghcfa dYficX kihh Q;YUWh) ;YWUigY hhY cZZghcfY VcibXUfm WcbXihicbg WcilX bch VY fYdfYgYbhYX 

Ug dfYWigYlm Ug XYgifYX' fYgilhg WcilX bch VY WcadUfYX Uh hhY YbX) CcbgYeiYbhlm' hhig 

aYhhcXclcgm kUg XigfYgUfXYX UbX hhY aYhhcXclcgm YldlUibYX ib hhY fYdcfh VcXm kUg igYX hc 

acjY ZcfkUfX) 

C.2. SIMULATION PERIOD 
MhY Zifgh ghcfa kUg giailUhYX Zfca hhY ,.hh cZ Cilm Uh -5++ ibhil hhY ,0hh cZ Cilm Uh -+5++' U hchUl 

giailUhicb hiaY cZ -//3++ gYWcbXg) PUjY VcibXUfm WcbXihicbg khYfY WhUbgYX YjYfm hkc hcifg 

UbX Q;YUWh kUg gYh hc gijY ghUhighiWUl dUfUaYhYfg' giWh Ug aYUb cf jUfiUbWY' Uh U hiaY ibhYfjUl 

cZ 4++ gYWcbXg) Mhig hiaY ig YeiijUlYbh hc hhY ,0 aibihYgp ibhYfjUl aYUgifibg hiaY cZ hhY :=O6 

hfmibg hc YailUhY hhY ibghfiaYbh Vifgh-acXY' U fYdfYgYbhUhijY dfYggifY gdYWhfia kUg cVhUibYX 

kihh hhY aYUb jUfiUVlYg cZ hhY Zifgh ZiZhYYb aibihYg YjYfm hkc hcifgp giailUhicb)  

C.3. OFFSHORE BOUNDARY CONDITIONS & DATA 
SELECTION 

Bb Ub iXYUl gihiUhicb hhY ZcfWYX kUjY cZZghcfY VcibXUfm WcbXihicbg kcilX WcibWiXY kihh hhY 

XUhU YlhfUWhYX Zfca YihhYf hhY :=O Uh Fccfibg ,' cf Zfca hhY :=CI Uh hhY gUaY dcgihicb) MhY 

YlhfUWhicb cZ hhY kUjY hYighhg Zfca hhY :=O kUg XigfYgUfXYX XiY hc hhY ibWYfhUibhiYg hhUh 

dfcWYggibg hhY XUhU ibhfcXiWYg' gdYWiUllm Zcf hhY acgh cZZghcfY Fccfibgg (gYY :ddYbXil :%) 

AckYjYf' :=CI dfcWYggYX XUhU WcbhUibibg XifYWhicb' aYUb kUjY hYighhg UbX dYU_ dYficXg 

Xifibg hhY gUaY aYUgifibg hiaY kUg UjUilUVlY) ?cf hhY ,= acXYl gYh id' MhY :=CI aYUb kUjY 
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hYighh fYWcfXg kYfY UggiaYX hc VY jUliX Zcf hhY cZZghcfY kUjY VcibXUfm WcbXihicbg' UbX bcfaUl 

ibWiXYbh kUjYg kYfY UggiaYX hc UddfcUWh hhY WcUgh) GcbYhhYlYgg' hhY WcffYgdcbXibg :=CI 

fYWcfXYX dYU_ dYficXg UddYUfYX hc VY hcc gaUll Zcf hhY kUjY hYighhg6 Zcf ibghUbWY' Zcf U kUjY 

hYighh cZ ,)/ a hhY fYlUhYX dYficX kUg / g' khiWh kcilX lYUX U jYfm ghYYd kUjY) FcfYcjYf' 

highcfiWUl fYWcfXg Zfca hhY CUdXYdYfUpg Vicm4 fYUggifYX hhUh hhcgY dYU_ dYficXg kYfY bch jUliX) 

Bh ig gYbYfUllm UggiaYX hhUh khYb fYUWhibg hhY WcUgh' dYficXg UfY _Ydh WcbghUbh khYfYUg kUjY 

WYlYfihm UbX kUjY biaVYf WhUbgY) CcbjYfgYlm' khYb YlhfUWhibg hhY dYU_ dYficXg XifYWhlm Zfca 

hhY :=Og' hhYfY kUg ZcibX U aigaUhWh cZ dYU_ dYficXg Uacbg lcWUhicbg) Mhig aigaUhWh ig 

dfcVUVlm WUigYX Vm hhY UddYUfUbWY cZ bYk YbYfgm dYU_ cb hhY dfYggifY XYbgihm gdYWhfia cb hhY 

acgh cbghcfY Fccfibgg' khYfY hhY dfYggifY gYbgcf ig lYgg ZfYeiYbWm liaihYX (UddYbXil :%) Bb 

cfXYf hc WcdY kihh hhY aYbhicbYX UaVigiihm' hkc aYhhcXclcgiYg kYfY hYghYX hc cVhUib hhY dYU_ 

dYficXg5  

• :KXNSJ 1) HVhUib hhY dYU_ dYficX XifYWhlm Zfca hhY dYU_ ZfYeiYbWm cZ hhY dfYggifY 

gdYWhfU cVhUibYX Zfca hhY :=O) 

• :KXNSJ &.  ?ibX hhY aYUb dYficX Zfca hhY aYUb ZfYeiYbWm cZ hhY dfYggifY gdYWhfia 

Zfca hhY :=O) MhYb' Uggiaibg CHGLP:I gdYWhfia' hfUbgZcfa hhY aYUb dYficX ibhc 

dYU_ dYficX igibg i = 0.8ij (@cXU' -+++%' khYfY ig hhY i	aYUb dYficX UbX ij ig hhY 

dYU_ dYficX)  

		

Figure	39.	XBeach	input	wave	boundary	conditions.	The	black	dots	indicate	the	start	of	a	new	wave	boundary	condition,	
every	two	hours.	
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;chh aYhhcXg kYfY UddliYX hc Fccfibgg ,' - UbX 0' UbX giailUhYX Ug cZZghcfY kUjY WcbXihicbg 

kihh Q;YUWh) Bb cfXYf hc aYUgifY khiWh giailUhicb gch hhY VYgh Zih kihh hhY XUhU cZZghcfY' hhY 

nYfchh(cfXYf (YeiUhicb ( -. %% cZ hhY dfYggifY gdYWhfU kUg WUlWilUhYX UbX WcadUfYX Zcf Vchh 

hhY :=O XUhU UbX hhY Q;YUWh cihdihg) Bb ?igifY /+' hcgYhhYf kihh hhY fYgilhg Zfca hhY :=O 

XUhU' hhY hhfYY VYgh fYgilhg Zfca hhY hchUl gil giailUhicbg UfY ghckb) :g ih WUb VY gYYb' gcaY 

giailUhicbg dfYgYbh U VYhhYf Zih kihh hhY XUhU khYfY chhYfg XYjiUhY acfY UbX jiWY jYfgU) 

  

 

?cf U acfY cVjYWhijY gYlYWhicb cZ hhY cZZghcfY kUjY VcibXUfm WcbXihicbg' XiZZYfYbh hmdYg cZ Yffcf 

kYfY WUlWilUhYX5 hhY FYUb :VgclihY Effcf (F:E%' U libYUf ZibWhicb khiWh gijYg hhY gUaY kYighh 

hc Ull hhY XiZZYfYbWYg' UbX hhY Kcch FYUb LeiUfYX Effcf (KFLE%' khiWh ig U eiUXfUhiW gWcfibg 

filY khYfY Yffcf ig geiUfYX VYZcfY hhY UjYfUgY' hhig lUfgYf Yffcfg UfY gijYb highYf kYighhg) 

FYhhcX - ihiligibg hhY :=O Uh Fccfibg - gUjY hhY lYUgh Yffcf VYhkYYb giailUhicb UbX XUhU) 

AckYjYf' hhY gUaY aYhhcX kihh Fccfibg 0 gUjY U WlcgY fYgilh) Mc UjciX hhY XYjiUhicb cZ hhY 

Yffcf kihh hhY acfY YWWYbhfiW XUhU' ih ig jighiZiUVlY hc WUlWilUhY hhY KFLE kihhcih hhY cihliYfg 

hhUh UfY gYjYfUl cfXYfg lUfgYf hhUb chhYf gUadlYg (ChUi & =fUllYf' -+,/%) ?cllckibg hhig WfihYfiU' 

U gYWcbX KFLE kUg WUlWilUhYX YlWliXibg dcibhg kihh U lUfgYf XYjiUhicb hhUb /+% cZ hhY :=O 

jUliY) MhY cihWcaYg UfY dfYgYbhYX ib MUVlY .5 aYhhcX - kihh Fccfibg - XUhU gWcfYg hhY VYgh' 

VYWcaibg hhY XYZibihijY WhciWY Zcf hhY cZZghcfY kUjY VcibXUfm WcbXihicbg) MUVlY / giaaUfigYg 

hhY ZibUl cZZghcfY kUjY VcibXUfm WcbXihicbg hhUh kYfY iadcgYX Uh hhY acgh cZZghcfY lcWUhicb)  

	 MAE	 RMSE	 RMSE(2)	

Method	1	(M1)	 0.00134	 0.00173	 0.00114	

Method	2	(M2)	 0.00104	 0.00137	 0.00112	

Method	2	(M5)	 0.00106	 0.00147	 0.00135	

Table	3.	Mean	Absolute	Error	(MAE),	Root	Mean	Squared	Error	(RMSE)	and	Root	Mean	Squared	Error	without	outliers	(RMSE(2))	
calculated	for	different	Moorings	and	different	methods. 

Figure	40.	Zeroth-order	calculated	from	pressure	spectra	for	every	ADV	burst	at	Mooring	1	and	the	same	for	outputs	of	the	
simulation	carried	out	with	XBeach.	The	error	boxes	indicate	a	40%	of	deviation	from	the	data	m0,pp	data.. 
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Table	4.	Final	offshore	boundary	conditions	source	

Offshore	boundary	conditions	

Mean	Wave	Height	 From	ADCP	processed	data	

Peak	Periods	 From	ADV	at	Mooring	2	

Incident	wave	direction	 Assuming	normal	incident	waves	

C.4. OBTAINMENT OF THE PRESSURE SPECTRUM 
: hfUbgZcfaUhicb cZ hhY Q;YUWh-gifZVYUh cihdihg ibhc dfYggifY gdYWhfia kUg bYWYggUfm ib cfXYf 

hc WcadUfY fYgilhg kihh hhY :=O XUhU) :WWcfXibg hc gYWhicb /)/) (ChUdhYf /' Q;YUWh 

FcXYllibg%' hhY CHGLP:I gdYWhfia kUg cVhUibYX Zfca hhY Q;YUWh cihdihg igibg U XYZUilh 

gUaaU jUliY cZ -)-) :ZhYfkUfXg' hhY gifZUWY YlYjUhicb CHGLP:I gdYWhfia kUg  hifbYX ibhc U 

dfYggifY XYbgihm gdYWhfia kihh hhY hfUbgZYf ZibWhicb K  geiUfYX (EeiUhicb ( ,- %%)   

C.5. SENSITIVITY ANALYSIS 
IfYjicig hc hhY gYbgihijihm UbUlmgig WUffiYX cih ib ChUdhYf /' hhY Zcllckibg gYbgihijihm UbUlmgig 

kUg aUXY WhUbgibg XYbgihiYg UbX kUjY hYighhg) MhY WhUbgYg ib dlUbh hYighh UbX dlUbh XYbgihm 

hYghYX UfY XiZZYfYbh hc hhcgY dfYgYbhYX ib hhY fYdcfh VcXm) AYfY cblm U jUfiUVlY XfUg WcYZZiWiYbh 

ib hiaY UbX gdUWY (YeiUhicb ( 4 %% kUg igYX' UbX hhY cihdih WcadUfYX ig hhY ibhYgfUhYX jUfiUbWY 

cZ hhY dfYggifY gdYWhfia)  

MhY fYgilhg UfY ghckb ib ?igifY /,' khYfY hhY a+'dd WhUbgY ig XYZibYX Ug hhY XiZZYfYbWY VYhkYYb 

hhY nYfchh(cfXYf Uh hhY WcffYgdcbXibg Fccfibg UbX hhY gUaY Zcf hhY acgh cZZghcfY Fccfibg) 

MhYgY XiZZYfYbWY ig bcfaUligYX kihh hhY m0,pp  Uh Fccfibg , Zcf hhY ghUbXUfX fib) MhY ghUbXUfX 

fib hYfY fYZYfg hc hhY U dlUbh hYighh cZ +)3 a UbX XYbgihiYg UWWcfXibg hc MUVlY -)  

HjYfUll' hhY gfUXiUl ibWfYUgY ib Vchh dUfUaYhYfg lYUX hc gfUXiUl ibWfYUgY ib ibhYgfUhYX dfYggifY 

jUfiUbWY XYWfYUgY) FcfY fYaUf_UVlY' hhY fYgilhg ghck hhUh hhYfY Ylighg U hhfYghclX ib Vchh dlUbh 

hYighh UbX XYbgihm khYfY m0,pp  ghUfhg XYWfYUgibg ib hhY Wfcgg-ghcfY XifYWhicb) ?cf dlUbh hYighh 

hhY liaih ghUfhg Uh UfcibX ,)1 a khYfYUg XYbgihm bYYXg hc VY XciVlYX cf acfY Zcf hhY ghUfh cZ 

hhY XYWUm6 kihh U ,++% ibWfYUgY cZ dlUbh hYighh ibhYgfUhYX dfYggifY jUfiUbWY ghUfhg XYWfYUgibg 

Zfca Fccfibg / hc Fccfibg 0' khYfYUg Zcf Ub YeiijUlYbh ibWfYUgY ib XYbgihm' m0,pp fYaUibg ZUiflm 

WcbghUbh) MhYfYZcfY' Vchh dUfUaYhYfg gYYa hc VY giailUflm gYbgiVlY' Ulhhcigh dlUbh hYighh 

fYjYUlYX hc VY glighhlm acfY gYbgiVlY Zcf ghUllck kUhYfg) 
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Figure	41.	The	upper	figure	shows	the	bathymetry	employed	and	the	Moorings’	location.	The	middle	figure	shows	the	
change	in	m0,pp	with	respect	to	the	offshore	Mooring	and	normalized	with	the	values	of	the	0.8	m	run.	Every	data	set	

represents	the	values	obtained	by	changing	the	height	of	the	plant	according	to	legend.	The	lower	figure	also	presents	the	
m0,pp	change	in	percentage	when	multiplying	the	standard	densities	by	the	number	showed	on	the	legend.	STD	refers	the	

standard	values	(Table	2).	

C.6. MODEL CALIBRATION 
;YWUigY hhY cZZghcfY kUjY WcbXihicbg ibhfcXiWYX ib hhY Q;YUWh acXYl kYfY U WcaVibUhicb cZ 

ibghfiaYbhg UbX U acXiZiWUhicb cZ hhY XUhU dUfUaYhYfg ihgYlZ' hhY fYlUhijY VYhUjicif VYhkYYb 

XUhU UbX acXYl fYgilhg kUg UbUlmgYX5 hhY acXYl m0,pp		kUg bcfaUligYX kihh hhY cZZghcfY jUliY 

cZ hhY acXYl UbX hhY XUhU m0,pp		kUg bcfaUligYX kihh hhY XUhU cZZghcfY jUliY)  

;m WhUbgibg hhY dUfUaYhYfg cZ YeiUhicb ( .- % gcaY acXYllYX Vifghg ghckYX gcaY UgfYYaYbh 

kihh hhY XUhU) GcbYhhYlYgg' Ug U WcbgYeiYbWY cZ hhY kfcbg cZZghcfY VcibXUfm WcbXihicbg' hhYfY 

kUg U aigaUhWh VYhkYYb dYU_ dYficXg) CcbgYeiYbhlm' hhig UddfcUWh kUg XigfYgUfXYX cZ hhY 

aUib kcf_) MhYgY ghckg hhY iadcfhUbWY cZ hhY acXYl cZZghcfY VcibXUfm WcbXihicbg khYb 

WcadUfibg XUhU kihh acXYl fYgilhg) 
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