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ABSTRACT ARTICLE INFO

Using sea wave as an energy resource is growing in the world because of Receive Date: 23 October 2022
its cleanliness and recyclability. Wave energy depends on significant wave Revise Date: 23 February 2023
height and wave period. These parameters depend on the specification of ~ /\CCePt Date: 06 April 2023
some other parameters especially the wind filed. Blowing the wind over

the sea water produces waves and makes them one of the best sources of Keywords:
energies. Hence wave climate depends to wind climate. Variation of the Wave energy
wind climate in the future climate, changes the hydrodynamic of waves Climate change
including the wave power specification. The CNRM-CM6-SSP2-45 of Gulf of Chabahar
CMIP6 is one of the middle classes carbon dioxide climate changes and Emission scenario
has much application in managing and programing purposes. In this Weibull downscaling technique
research the effect of this high-resolution climate scenario has been

evaluated on the wave power in Chabahar in Sistan and Balouchestan

province in the Gulf of Oman. For this, the improved Weibull downscaling

technique has been used for downscaling of wind field. Using a calibrated

wave model, it has been derived that in a period of ten years leading to

2100, the wave power will increase 0.22 kW/m (equal to 3%) in average.

Seasonal variation is more sensible. Fall and Winter have most

increasement in decrease. Average seasonal wave power will change in

Fall and Winter by +2.27 kW/m (+42%) and -2.24 kW/m (-27%)

respectively.

All rights reserved to Iranian Society of Structural Engineering.

doi: https://doi.org/10.22065/isce.2023.366525.2955

*Corresponding author: Mohamad Reza Kavianpour.
Email address: kavianpour@kntu.ac.ir



http://www.jsce.ir/
https://doi.org/10.22065/jsce.2023.366525.2955

AP+ GUY amio AFeY Jlu c)e o ko Ve 0590 (ol 90 jlw (witigo (i g 3 — (oke &9 gutd

Journal of Structural and

Construction Englneering “LMJ 9 °).L~° LS-MI . 4.1 )-A:A-;
(Fadgiy — (oole)

wlnd g Ju—gala g s
a5l g 6 jluw uusigs

WWW. jSce.ir

CMIP6 Y zgbg Joo b (Sloo mudl (592 )low cxi )Ll 5o Zl0l (5551 2b 55!
*'T)%.SLHIS [W-JRVE T “‘;l.c)% S goxo

Ol o o sl Gyt dz oz | i oKl ol ras podigo 0SS o 6,50 (gazediils — )

Ol il sl Cplpeai a2 sz o oKl i ras pwdigo 0dSCLl cliwl- T

PRV

S ol Lol s 1 9 3 7 53 el 55,7 e 2l 5, 51 o0l 5 s 33 5351 S i 31 550 0
Lol s ooldl] (slogy )l 5 2 50 0l e oo Slpoii o dogi' b 5 5, o 145 oo ot (ool Ll 1 ile O ke
sl G CMIP6 ;/CNRM-CM6-SSP2-45 (ool S o pii oas ] o L] (55,51 a0 g glpol [ Solissg,
Sl sliw ol cad] ol oo (slogsliw G/ g 0l Sguo (sloo Liilis) 5 )5 lil] woy0 b bwy d> 5 Sl cadd]
09 okl eogie o glael il 53y 2 syl On pld] Sl T adllae Gl o )0 GlolS 0B (e slas iy aeliy
b ooli] Silewl g, 400l ool pg ST ) silo mlidogy) ysbiie 4 sl oad b)) liwzsl 5 b fo o
055 wlico 0,90 o Connd T oo Jlw du (piio o 03 0,90 ;0 Flaol (5500l 45 A (¢ Szl oo ol iwly Jho G o0lai]
il (Aas Jado 45 Canl S ,0 ol Clils wslyS (do,0 ¥ foles) oo Sl pio 2 0 SlgalS </TY Linlid) iaiiodS Jlo ao o
PV Joleo) yio 0 OlgglS /TG Glino) 0 LiolS (wayo P foleo) Slogl S T/TYV g 0,05 (6 pwgurmo Ol pcts’ Jlgsl> |0 zlso!

] o 5L S0 il (ws 0

J9m9 Gilwwladio 3 5 <)Ll (g2 b gl gads ol juii (Zlgol (655 1 guals wlols

bz s awll :lio adslw
https://doi.org/10.22065/jsce.2023.366525.2955 ol RO HRAE Sy 6555k I
doi:
10.22065/jsce.2023.366525.2955 AR ARIAR VE-Y/NNY VE-Y/NNY AAERVAR RN ¢ VE VAN

kavianpour@kntu.ac.ir

:J s ° . "934.5

1S S oy

1 GNY axio AF+Y Jlo che 0 ylois ce 058 codlu g 0 b (wiigo (i g 38 — (Soks 4 pid

A


http://www.jsce.ir/
https://doi.org/10.22065/jsce.2023.366525.2955

Ol 0 le gwiigo (ot Jhinlealo

15 53 551 35 ol Sl oliial o3l ams s il (651 e S 5l pdinnans LIS e o s 4 e 55
S Olsre 4 Sl oo 1155 092 9 sy gl L glgel b (>l ) 05y 4 (65,1 cnl el 48,5 )18 JLiiul 050 b yo 4 S0
@Vl Jesily Olpl slabys o jo plee sbys J2lgm osgame jo ey 005 )18 Jlaiae (dewd 6551 sl Rl (n 5!
G Brae gl Olos b glsel nl (Slojen 55 9 Gleasl ;0 039 a2 aib loal polas caml cnl 5o glal elis)| o Fadh o)l L5 ()l
ai3p 508 e Jalse S go a6 (655 ke o lsie 4 1) el ool 5l ealitl oS axiea Jlalse 5l 58S ogix (Pl
oo 6531 JUml b W ol )98 53 (o8Il (55 anl (S iS5 S (55580 ok ) 0 (S S0l (655 oy
25 Sl sty ogdse ol (end SlealSyy bawgs (Sl 55 4 ] B e 5 0slil e 4 S0 (ndge &
Ere a5 (>l ol ange VL (S asUl g5l el plad e Gl 5 Gl Gl o el ezen (Sedse
ol (Jd (55,51

2 Bes olfiws g5 [V] el (g0l Hlas Comnl pl> JWECS & pgusge (65,50 Jlasin! slealKins Caxbse bl
Pk goe gl b blE ol (oo Ngd oo QLRSI K00S0 @ 4255 L g aites Lo e [0S0 @ alolo (6551 Gl 9 cral Conde
rbolin! el walize Jpad o goo sloadlys Slasin 1is Sl goe 5] i witen 00 55 ol S5 30
Al Glgls coenl b a8 else 51 (S [V] aien e 65580 Jlazeial sl i @550 golal b b IS 5k 4y ool
Sasl oul plonil @Bl ss Sl 50 glgel (6551 St ogas 5o Slgld Slalllas 5) a5l cesl Elosl (551 Gl 2 paldl Dl pss
LY-Y]

&l oo Lyls oy od8l 5 Jge 692 o psie a5 aliin u...al...uaj)).s u_wb.w‘}:o sldows GCMY sldows
sldae ;o oolainl LB piins Ojge 4 lidsg bS5 4 axg b g aiiws Gt sl lew bl LJow cpl oS
alisee GlaSSP? o codBl slo o ges a5l,) CMIPEY sloJows (sl a5 IPCCY oS cnnl o 31 bl o akies Jove (wlidie
[4 5 A] Iglesias 5 Martinez lowgs 1S pal Jlois g byl ;0 CMIPE gl (slags w5 (coudBl Layl i o ol guie ailoads a8l
l.g J.J}m‘so.) df:‘)l GCM LgLQJAA L W u)ﬁ.c g Oy ‘aLQS)‘ OFFed 790 Lglb).\.:.uz LR ‘5”.7- o U"‘ olodds (5’1"))‘
Syl 5L ol Glawe 5l oslawl b zge Dlastive dwlrs gly davly zge Joo <SG a5 09 oo JSa5 0l (B39 5l zoe aSul 4y 4z g3
Olaie 4 (0L sliwly g e b ) V g U sl LY g X Homme sliwl; 90 j0 oL loe sboadlge 5l goue (giludacs SO o IS
g oo oolaiwl (g3lwal 1 ae 0aisS Sloul (545

o9p (Sgw)S ) Sledoe )ld gy eolinuld e slmesls (gl wlitien; @ LS daesly (yog wlieS)n 4 axg L

laolas ) JIs5 5 a3 Jsms (boy yo -lad,S 18 olinul 500 5l 7 (s5loubiiios ) sledisy Slsis 4 S8 Jsms mis 5 Soian

Yot 93 bl 4 BIS Jsmg alal, 4l 4 4255 bl Conmtl ol s glgal (s3ladnns sl 9050 nl 5 S5disod 5

5 e §olel polie 4 ymie ISl Vo] Gl oo 2 ol gy oad &) pez Sl a4 AT gl g g,y el (pd O ygo a
el ooy osliiul (Mol Jomg by, 5l aslllas (nl )5 39 oo Jomg pam ye ST 4 S b

Wave Energy Convertor

Global Circulation Model

Intergovernmental Panel on Climate Change
Coupled Model Intercomparison Project Phase 6
Shared Socio-economic Pathway

Downscaling

N o g~ W N -

Form Factors

n 1o GUNY axmio AF+Y Jlo Ve o koui Ve 0590 cclu 903l (widigo (i g 3 — (ode 49 gt




G191 0 3w (gwiigo oo sioleolo

4l opl a0 o 4 weldl G (>lgs 5 SWell zlgel a5 ol (glosgams Jolis sin Lusildl Soo3 1o oles mds
Wy b jsliss 6,55l sl croul 00gusme SO Ll mds o Bk 1wl guile slaol 1 oals LSCiS zlgel By jo uizen
6‘)4 ‘s‘\JL Lo....u L».' 4.._‘>La u.!‘ ol ass Slasuie LY 4.‘>94 la Sl 00 LS)LA-MJ‘ )S).o.v 9 LSw sl v&l; J.A‘ Q"‘ 9 S| OJ.A—‘

Zlsel (6551 eSibeo bl o Sladllas (I [VY g W] consl oals amb cpl 1o Zlaal (65,50 5 Sldlas ) 5 i 20)ls (6550 Jlasu]
5 obElS (3P elS by 5o Bl SleiaBge 9 LWEC I oS 5 Sl 6l alale iz 0,509, S Y] o wiloss
alol> 6550 S 090w yiwd BB ol Jlasiwl LB (65 5l alax 51 gousio Julse caioly aslllas o .ol oo &3] ylos d>
el 6393 A7 550 GL&—QL:.A Sl s g

ol axlllacs jg0 05900t )3 Fge 0dd Zriwly Jde S apd il L3S ) ol Cawd @ =l poad 4 as e 51 (SO
5 el Zlael Slastine (Jow cpl 5l eoliiul b ol solatul zlgel (g5lwacs sl [VF] MIKE 21 pgus Jous * ol Jow 51 jslate ol &
235 dlos zge (65,5 9 Lwly w05 (gl

33l es Gxios (b 5l Jolo slaaidly @l ay ¢ Asu Sl ol 03l gedgi (Gl by, g 0ols (ogas j3 ¢ A
Lol 0als &l udss cpl yo ol Cowd @ =l G
‘SJIJUJ‘ L;ug) 9 oald -Y
ol 1) Oygo & Guiod (pl (Siedgaie (ST >l
anlllans g0 Comdge Sl e
300 Canls lools gyslaes @
3l phae (3lwpliiog ) ZDhol @
alol> ol Glare b3l e
ol Siladoe g ol inly zoe Joo anes @

&35 Sl (b3l g 3l
A g e OYolae pgw Jud 4l 5 a8 Jow ol Conl ool colaiul MIKE21 SW soae Jow 3l zge (55,51 amwlns sl

4 el ydS fl g, nl 5l aiS g dslme Gloj o8 52 50 1, 50 sloyielly pedins Djgo 4 il oo s > 4 ik 050
g g0 0333 dxlllassyge 03gae Zlgel ool (g3l wlidesy ok Glaws 5leslaiwl b g puiins yf g0

axfllao 590 03900 - Y-

J>lge (Bpd stz iS50 ze 655 Jemiln (951 (S Olgie w0 jlaly o ol 00gumme cdalllass g adlais

IR byl Syse ol @l 5 (arily Coxdse cpl 4 Soop alals 90 )3 oad dnd zae Joe jobate opl 4l ples il )0

Wy Oyge el wds Jolow 51 e YA Gas @ slabais )0 zlgel (5,50 (b)) 05d Jol> Glaebl Joe bl coo 51 285
P Ty &5 S 9 Giladoe 0 oolatwl 850 bl Cusdge .

el ool ooy Hlas YV IS 9 Y Jgo

8 DHI MIKE 21 Spectral Wave

1 GNY axio AF+Y Jlo che 0 ylois ce 058 codlu g 0 b (wiigo (i g 38 — (Soks 4 pid \Y.



o191 05w (wiigo Cyoil Jwleolo
Cyd#ﬁw‘}b&@f\ J}.\?
L3l = L3l 5 3
o;.’)lf S J}‘a S e olilw.g.l flﬁ
(4> ) (4> 0) ()
Toe oo Lozl BYIVOY YO/F-A Yo Jask
Toe Joe szl 10 YOINFY VY Chabahar
z90 S5l sy 7 I0FF YOIYEY Y4 Energy St.
60.2 60.4 60.6 60.8
/"’ T o
25.4 RS . 3 25.4
A W ’
7 =
[ Y
_ s 3 N
S - \
\u
Chabahar ’;.,,_77_7_77_7\“7“
[ I -
50.0 55.0 Energy St
25.2 25.2
30.0 25.0 25.0
~ 60.2 50.4 60.6 50.8
WN 0z
bahar
25.0 : N T 25.0
. Gulf of v
[ S Oman
20.0 = Wave Energy Station 20.0
®  Wave Model Calibration Stations
"1 Countries border
50.0 55.0 60.0 65.0

Y 1o GUNY axmio AF+Y Jlo Ve o koui Ve 0590 cclu 903l (widigo (i g 3 — (ode 49 gt



G191 0 3w (gwiigo oo sioleolo

oolaiw! 090 3L ool -Y-Y

L s slstran pogdle cunlus ol .0y 5 eolawl CMIPE ;1 CNRM-CM6-SSP2-45 sl saosls sl aslllas ol o
Gl G by e oadiol calns il oo 505 LGCM ple 4 s 6 5YL GG (piigley slylo woads (6,503l ol sloosls
5 dsmlone (&lipsigs b Sl & 9) (Slon 5 by 0> 525 olen b ozl 13 ulidln sl el 1 50 85 gin () &l il
0 Sloj 0,90 93 b Zlsel (65, Dl sy sl Sawlye jo (65, Slyess Sbyl a5 Badow cpl (S Bas 4 dx g5 bl oals &5
g aLsdS 0,90 Hlgxe 4 Yero 5122 lodlo Julis laoygo ol 8,8 18 Sbjl 0,90 san] g aindS o Jlo dwo s L allu
St 0an ] 090l 4 YV oo B YY) sl
ol 39390 0an | § ALBIT 0,90 33,0 ;0 a0 /0 x+[FAAY Ll SIS iglgs, 9 atele Yool slacols Sl opbelys,
Reanalysis Joo & bgiye a5 ERAS glaosls i jslaie ol ay aiads (g5l wlibiesn, o 5JUT oo 2ol Jsog oguds 4 laools 0yl
Qg cwl ails g Solail aosls b 95 jlws )55l 5 Slgen ERAS (slaosls a5 cwl ools lis 4y o .ol solail ool
Yeorr BVRY Gldlo 0,90 slaosls ulul ol Mol .l ouls oolatwl ol lae onal gl p a2 0 slrosls (lgie a4 cde yon

Wy D)0

ool 0,90 (gig,-Y-Y

ol agl At s oolial oly lage 5 ool (bl el zramas (gl Jpmsg SKaiS5 (gazbly Sgagy ddead cdalllan oyl )0

f () =§(V%)k-l expl-(y)'] »

oy gadsd (o colpo pl Wigh oo Jlee! CNRM ol slaools 15 0 5 ¥ Laslg, 5l oolaiwl b g wigd oo dmwlrs alidS sloools
! 00 43‘)‘ [\ ‘] o ubm 9 ‘élc)s.,

His
) )
DA(i) — RA5(i) His
NRM (i)
His
D - kERAS(i) _ )
k(i) — kHIS
CNRM (i)
1Future Future
A CNRM (i) — FNRM DA(i) AP
k 1Future — kFU'[lJI’E % D (a)

CNRM (i) CNRM (i) k(i)

1o GV amio (A Fo¥ Jlo che 0 lods c)e 038 (ol g 0l (wiigo (g 33 — ol 4 yid \YY



O 2 0 3lw (qwsigo o2l Jbeleolo

ol bys 0 el mds (559, alali a5 bogy e SLUS pl el ool SLIY USCS )8 o0l sl ol lae LS I (slasges

CNRM Wind Speed
[m/s]

ERA5 Wind Speed
[m/s]

I Above 8.00 Il Above 8.000
[_]6.00-8.00 [ ] 6.000 - 8.000
[ 4.00 - 6.00 1 4.000 - 6.000
I 2.00 - 4.00 [ 2.000 - 4.000

9% | [ ]Below200 % ] Below 2.000

(A?«.?:)ERAS 6)‘ :U.f} (Q'.u‘)) fw‘ Jﬂ}&:&bjCNRM [ C)Lal Jl:lf Y Jgpfa

Tleol S35l g Too Joo i -Y

ral Ju\.o -Y-)
s 69y 1y Sloslra o Jow gl s ool e poes s sl Jio S 45 MIKE 21 SW zge Joo 5l asllas ol o

L deleld s T ole 4 005 zae ezmed (Seelndg)and sloosy Wl oo (s> 4 g WS o0 S plaeli 5 (Stie Slowlre 4
e # bl &y 4y ke o ool aloles S (gl

N, 0cn+ZentZensZen=2 @
ot op oA oo 00 o

odd S polie b g ,Soslasl gl bla j0 5 o) 0 gilwands ;o oolatwls o sl yial )l gl alizee polao b zae Jow
A ‘5‘>L..w‘5 JJA 9 ul?w‘ cOé}b}Sﬁw S w]@ 9 delta .Cd f.c‘)la 6‘)J (PR ALY) ofe e 9 IS ).:QLM wl.@‘; 9 W) 4.«.».1[.0.4
s o ol Hlpls g Sul> slasliw] jo 1) sanl cuss @ s Sbej s ¥ JSi

9 Near shore
10 offshore
™ Action density

1o GAIY amio AFY Jlo che o 5lod Yo 0550 (ol g 0 3l (wikigo (i g 33 — (ol 49 gutd




Of 21 03l (quigo (ool Jbeleolo

Measured Value [m]
Modeled Value [m]

Station: Jask

Significant Wave Height [m]

February March
2011 2011
Time [day]

Measured Value [m]
Modeled Value [m]

Station: Chabahar

Significant Wave Height [m]

January February
2000 2000
Time [day]

Sy 5 Sl slealanl s oddig S eilul 5 (Silwand oo g1 Slo) g ¥ K5

A dwle (5,5 05l0l slaools 4y s sas (giledoe polie (5lel (sla el )b o miwly Jow GBS sy jekaie 4
Died AL F OYolee Ojgo oo ob 1 g k] Lals,

S| _\/iZ(Xp—Xm)2 ”

m

oo DX, = Xp) (X = Xm) )
IO (6, =X )2 Y (X~ Xn)?

BIAS=Z%(Xp—Xm) ®

)
RMSE = /l(x =X )
n

5 Bloul (g ,S ) osls 38lg5 o po drosls SuuSTy oo ceud i 4 RMSE 4 BIAS CC Sl jolais «393 Lailg, ,o
50 w0ad Gilwwbdog Hlade ol Eone 10) St Hlade wcwd g 4N g Xm Xp jl jekaie ioren ol illas Sl jgdone
6)5 o)L\J‘ T W e ERA5 éla osls f\)l.g u.?h.a )b) & ‘_g)jo)‘u\a‘ )‘..\.D.c 6(C9.A J-\A h...uy 0 6)wa )‘.\.0.4 ‘C}A u.?h.n

el 3,65, 0010 dlass g (g

1o GIY axio AF+Y Jlo 1o 0 5loit Ve 0530 (cdlu 90 jlw (wicigo (i g 33 — (ke &3 pibd \YY



O 2 0 3lw (qwsigo o2l Jbeleolo

e ol ous| g abdS Jloj sleoyes ;o 1) zoe 0g1p 9 datin o gl lawgie iy a0 S0 5 B S
Too S 39y g A gl )l lade ool Caws 4 El 4y bcwl ssd g3l sy oan| g aLsdS slae g0 Ny sleal,
Gl a8l ol58l Boes g andls Sy Ol s

oS (55l 790 slaosls (s T olia Y Jgus

el Sl ap

Jan & Feb-2000 Feb & Mar-2011 0,99

Hg T Hy T b
AR A <Yy QAYs Sl
</ <Y < [AY <IV# CcC

--/-¥ <leY —-/-A —el-¥ BIAS

AL NY <NAa IV RMSE

[deg]

30

28]

26
i Statistical mean : Sign.

24 ] Wave Height [m]
g B ~bove 180
] [ 165- 1.80
1 1.50- 1.65

22 1.35- 1.50
] 120- 135
] 1.05- 1.20

20 0.90- 1.05
1 0.75- 0.90
] 060- 0.75
1 045- 0BO

18 7 0.30- 0.45
] 015- 0.30
1 0.00- 0.15

16 4 -015- 000
1 030--015
] ] Il Below -0.30
TS S S ————————— [ uncefined value

48 50 52 54 56 58 60 62 64 66 68 70 72 74
[deg]

[deq]

30 ]

28 ]

26
] Statistical mean : Sign.

24 __ Wave Helghl [m]
B Il ~bove 180
] B 165- 180
B 1.50- 165

22 1] 135- 150
] ] 120- 135
q 1 105- 1.20

20 2] 090- 1.05
1 75- 0.00
1 B0- 0.75
] 45- 060

18 1 B0- 0.45
] 15- 0.30
1 00- 015

16 15- 0.00
] 30--0.15
] elow -0.30
B defined Value

[deg]

1Yo 1o GUNY axmio AF+Y Jlo Ve o koui Ve 0590 cclu 903l (widigo (i g 3 — (ode 49 gt



Of 21 03l (quigo (ool Jbeleolo

(o) V1o G Y8 5 (YL) Yorr BR8N Gl s casito 7 g0 g1 ()bl o gia it JS0

[deg]
30
28
26

i Statistical mean : Peak
24 ] Wave Period [sec]

1 I Above 9.0

] 8.5-9.0

. [ ] 80-85
22 [ ] 75-80

] [ ] 70-75

1 [ ] 65-70
20 ] 60-65

: ] 55-60

] I 50-55

] B 45-50
18 B 40-45

] Bl :5-40

] Il 30-35
16 Bl 25-30

1 Bl 20-25

] Il Below 2.0

A T e L] Undefined Value

48 50 52 54 56 58 60 62 64 66 68 70 72 74
[deq]

[deg]
30
28
26

i Statistical mean : Peak
24 ] Wave Period [sec]

1 I Above 9.0

] 8.5-9.0

. [ ] 80-85
22 [ ] 75-80

- [ ] 70-75

1 [ ] 65-70
20 ] 60-65

: ] 55-60

] I 50-55

- B 45-50
18 B 40-45

] Bl :5-40

] 3.0-35
16 Bl 25-30

1 Bl 20-25

] Il Below 2.0

g 1 undefined Value

B e a2 L e e
48 50 52 54 56 58 60 62 64 66 68 70 72 74
[deg]

() TV er BYRRY 5 (YL Yore BVARY Gl s Ky zge s bl st 10 IS

oyl Bl 53 (65 35l ol punds — Y-

1o GIY amio () Fo¥ Jlu che 0 loi 1o 0590 (il 30 3lu (witign (i g 33 — (ol 4 i \Yy



Of 21 03l (quigo (oot Jbeleolo

P ~0.49H7T, 0

[deg]
30
28
26
] Statistical mean : Wave
24 ] power, p [kKWim]
E Il Above 26
] B 24-26
1 ] 22-24
22 7 [ 1] 20-22
] [ 1] 18-20
1 ] 16-18
207 O 14-16
g ] 12-14
i B 10-12
g B s-10
18] B 6-3
] B -5
] Bl 2- 4
16 B o0->2
1 B 2-0
] B Beow -2
. T T e et L] Undefined Value
48 50 52 54 56 58 60 62 64 66 68 70 72 74
[deg]
[deg]
30-_
28
26 1
Statistical mean - Wave
24 ] power, p [kKwim]
B Above 26
] 24-26
L1 22-24
227 L1 20-22
[ 1] 18-20
L] 16-18
20 7 ] 14-16
[ 12-14
B 10-12
B s-10
18] B -8
46
m -«
16 B o-2
B -0
B Beow -2
T T Tt L] UNdefined Value

43 50 52 54 56 58 60 62 64 66 68 70 72 74
[deg]

(oS YV o B YAY 5 (VL) Yoo BV ARY Jlo s sl (6350 e o, bT Jaw e 1\ IS

\Yy 1o GUNY axmio AF+Y Jlo Ve o koui Ve 0590 cclu 903l (widigo (i g 3 — (ode 49 gt



Of 21 03l (quigo (ool Jbeleolo

W8S amis (IS ok el 22l0y90 59 50 (6551 bawgie polie Dol @ae Sy S g datie zae £l wilen

&5 abdle Lawgio jlade az )51 058 oo 955l AVl S0k Hlade ;o a0 )0 VU (Rl (nl 098 00 yiion el (6551 &5 950 o0
5 5l Jad 90 50 ohg 4 (65l Lad Olss aS v o las gy Lol ol ALHAS 0,90 A S (0L Ol s e 4
Zlsal G55l Glaalr 5o 60 YA Goes o bl ddady G 0 adlllass g0 0guze )8 (65,5 Dl st diged Cawl ax g5 LBl

M\bso ULMHJ.LQLAJ}A:B)Q ‘) Toe LS)f‘ .‘a‘uﬁ...a)‘u\.a.ai\ds.&sv Jiuj\“ Jau\? T PR W a\Sl)H Jiuj\ Jsd?

okl 5 w2338 55 plsal (5530 o gia jlkia ¥ Jgur

2> o 5 ok e oo 99

kW/m INARE IR YYIXY AN \RAN Yeoo 5129

KW/m Y/-q V20 YY/iva V/VA \RAR Yyee GY-Q)
% -fY +YY Y +1¥F +Y IS

average P (kW/m)
35
30
25
20
15

10

5 il »
0 |

Year Spring Summer Fall Winter

M historical future

it J gl o T Olg 655 daw go Hlade VIS

Ol 5o el Jgad bl i (qwgeee 55k 4 (Ll Jad )0 oo Olg jlade 358 o0 ala>dle ¥ S )3 a5 plailen
T U‘?" 0092 )JJJ..\.MJ Cde Aoy ..xa:|9:> )...s uljj,l..s Y'Y/ Le o..\.,.»] ) aS el zTo9o )l o R 4O u‘ssl..s YYY zToo u‘y )‘..\M J@B
5 Gy oo T guile (ygzmen Sane ol sloendBl 1 Slie danlllans ge 4l el gmile oL & paawge slaol b 4 Ll o

12 Monsoon

13Shamal Wind

1o GIY axio AF+Y Jlo 1o 0 5loit Ve 0530 (cdlu 90 jlw (wicigo (i g 33 — (ke &3 pibd \YA



Ol 0 le gwiigo (ot Jhinlealo

@ ol Dgliite Jlo Jobo 55 6551 e ol yie pa 33 SlgghS V- 390> 0 Sl Job ) glsel 6551 lawgie (S ok 4

Vo3l G Bl )0 ¥ 5l eSSl 5 (had asgie jladie o ys 505 5o )0 DlggleS Ve Sgam &y (Ll Jad Sl plgs)y 50 a5 (5925

SIS sy ol 45 s oo LS eunT 50 ey 9550 G2 )lie Siludnd S el ke (Ll 0 e A ) e 2 50 DlgsliS
Dgd oo bar> 18 oan] o

S 098 oo (2l celie 6551 gl Sln e Ol ) Oliee ol el DlgskS VN zse Gl awgie jlade aSul 4y axgi L
LaolSiass (2l 51 (6 ylommt s (6,15 20502 (&l SFsliie claailin] gyl cio,S ilieo lyl dy diny (65,1 gl yicins] (loolSiuss o
2 ol 0sdier ) cslis SlaskeS Ve 5l G bamsgte @se Ol 5, 0nl Sl W3lo e @ae 65T Tl Al 4 Slgsks ¥ Al L
Jbo 2 (ie Jlo Ve Cond 000 T 0nS0le ok @ zae Ol Ol ceee VY0 Jlo 4 (e JLo Ve o a5 ol J>
WSS g o) | e 3l ol 5 ST CellB g 095 (al g S e Gz oo 655 Dl (ol lieo GRIFIY e
2l 3 Elsel 6551 4 S (pugmime 55l Gl 5o gl (631 e3g9me (nl po a5 Cedd Jo jo cnl el o b)) Sete
2 Jad eegs Olgie 4 53l Jad lioe laliEl w0 Vm o B 4 (piie Jlo V0 )0 zae 65l b e 0 Sl iy Jgad
stise 4 50 35 bl jo aS ol alils (655 zoe 3l e e j0 DlgelS AT alidS jo sl pl j0 zee 655 e 5l 655
il ol 5 olinsy b 50 uspeo SlyaleS Vo /PO & 5 4xdly Lial3dl aoys YV Jolee SlskS ¥ 51 Lt 20 (g5, Y1 -+ Lo 4
9 Sl 22l Sgld Glie Slate 51655l s 09d 0 Jol> o (31 Slade (2708 45T Jlor Juad )0 13,18 (6568 Sl polie e
(ol8 SlgslS Y 5l i b e 35 Sep Sjge a4 ey Jad jo oS Sl Jl 3 (nl 098 o0 Sgazme l B DlgglST T 4
Jbo Jgad nlo o g Cosl zoe 551 S5 5l (6550 08 Jgad ) Jad (nl aSial 4z g3 b o) ales o) 1) auoyo FY dgu> po tals

ol Plal BB s 58 (5551 (0l 556 el o el (8 iy e 4 g3ama 5 0 (55

S5 amis ¥

SO PRWIPWS VSN TG V- 0] I PV RCOWR P T s

Y ol b og olas g0l Ol s Hleals o o )0 Zlgel AVl Sk (6551 o8l Dl poss Sl (90 )l jo IS s a4y )
IRV OSSR PV I SR RV S VIR VR

8 pliey b 53 5 b8l ge (5551 5l 5 il (55 b 59 58 0 (8 phesgine Dl laal b oSile 5351 Y
lon (2818 Z90 (6551 ol 5108 90 (6551 b b 93 31 (K

9 S50 Gl 8l cp i 3L Jad oS ol Jl o ol g dles fad 565 6l ansdS siles 5 o] 3 ool Jad ¥
YV Glidl 5l las oS ogd oo .>)5'|ﬁ o 4 OlaglS VIVY lawgio b 4 had cpl o (65, Lilidl Jlade .cuils valgs |,

510 ALBAS A S (g0,

aalgs e 0 BlgekS ¥/ a4 ] Zlgel Lawgie (65,50 (55l L2alS do 0 FY L g og vales atidS 55l o5 liae; Jab f
D)

odgazme 3 Ll Jad jo (S S (6551 SVl Bras a4 az g b g o9doe b))l celie Jlens Ll 5o s 55 Hlade O
55 58 e vcmsbin Jl (6551 (oS g Oy 4 Wlgie (Jad ol 30 31 sla )5S Sras 4z ) Slallas

Y] 1o GUNY axmio AF+Y Jlo Ve o koui Ve 0590 cclu 903l (widigo (i g 3 — (ode 49 gt



G191 0 3w (gwiigo oo sioleolo

&=l
[1] San M, Akpmar A, Bingélbali B, Kankal M. Geo-spatial multi-criteria evaluation of wave energy exploitation in a
semi-enclosed sea. Energy 2021. https://doi.org/10.1016/j.energy.2020.118997.
[2] Portilla J, Sosa J, Cavaleri L. Wave energy resources: Wave climate and exploitation. Renewable Energy 2013.

https://doi.org/10.1016/j.renene.2013.02.032.

[3] Alizadeh MJ, Alinejad-Tabrizi T, Kavianpour MR, Shamshirband S. Projection of spatiotemporal variability of
wave power in the Persian Gulf by the end of 21st century: GCM and CORDEX ensemble. Journal of Cleaner Production
2020. https://doi.org/10.1016/j.jclepro.2020.120400.

[4] Sierra JP, Casas-Prat M, Campins E. Impact of climate change on wave energy resource: The case of Menorca
(Spain). Renewable Energy 2017. https://doi.org/10.1016/j.renene.2016.08.060.

[5] Rusu L. Evaluation of the near future wave energy resources in the Black Sea under two climate scenarios.
Renewable Energy 2019. https://doi.org/10.1016/j.renene.2019.04.092.

[6] Cuttler MVW, Hansen JE, Lowe RJ. Seasonal and interannual variability of the wave climate at a wave energy
hotspot off the southwestern coast of Australia. Renewable Energy 2020. https://doi.org/10.1016/j.renene.2019.08.058.

[7] Iribarren D, Martin-Gamboa M, Navas-Anguita Z, Garcia-Gusano D, Dufour J. Influence of climate change
externalities on the sustainability-oriented prioritisation of prospective energy scenarios. Energy 2020.
https://doi.org/10.1016/j.energy.2020.117179.

[8] Martinez A, Iglesias G. Wind resource evolution in Europe under different scenarios of climate change
characterised by the novel Shared Socioeconomic Pathways. Energy Conversion and Management 2021;234:113961.
https://doi.org/https://doi.org/10.1016/j.enconman.2021.113961.

[9] Martinez A, Iglesias G. Climate change impacts on wind energy resources in North America based on the CMIP6
projections. Science of The Total Environment 2022;806:150580.
https://doi.org/https://doi.org/10.1016/j.scitotenv.2021.150580.

[10] Pourali M, Kavianpour MR, Kamranzad B, Alizadeh MJ. Future variability of wave energy in the Gulf of Oman
using a high resolution CMIP6 climate model. Energy 2023;262:125552.
https://doi.org/https://doi.org/10.1016/j.energy.2022.125552.

[11] Saket A, Etemad-Shahidi A. Wave energy potential along the northern coasts of the Gulf of Oman, Iran.
Renewable Energy 2012. https://doi.org/10.1016/j.renene.2011.09.024.

[12] Kamranzad B, Chegini V, Etemad-Shahidi A. Temporal-spatial variation of wave energy and nearshore hotspots in
the Gulf of Oman based on locally generated wind waves. Renewable Energy  2016.
https://doi.org/10.1016/j.renene.2016.03.084.

[13] Kamranzad B, Hadadpour S. A multi-criteria approach for selection of wave energy converter/location. Energy
2020;204:117924. https://doi.org/https://doi.org/10.1016/j.energy.2020.117924.

[14] DHI. MIKE 21 SW - Spectral Wave Model: Scientific Documentation. DHI Water and Environment 2014,
[15] Tucker MJ, Pitt EG. Waves in ocean engineering 2001.
[16] (U.S.) RE and AUP. Technology white paper on wave energy potential on the U.S. Outer Continental Shelf. 2006.

[17] Sanil Kumar V, Singh J, Pednekar P, Gowthaman R. Waves in the nearshore waters of northern Arabian Sea
during the summer monsoon. Ocean Engineering 2011. https://doi.org/10.1016/j.0ceaneng.2010.11.0009.

1o GV amio (A Fo¥ Jlo che 0 lods c)e 038 (ol g 0l (wiigo (g 33 — ol 4 yid \v.



