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TECHNICAL NOTE

Online Significant Wave Height Prediction in Persian Gulf
Using Artificial Neural Networks and Regression Trees

M. Nemati', A. Karami Khaniki’

1- M.S in physical oceanography, Center for Science and Research, 1. A. University
2- P.H.D. in civil, Research Center for Soil Protection and Water Resources

Abstract

Prediction of wave height is of great importance in marine and coastal engineering. In this
study, the performances of artificial neural networks (feed forward with back propagation
algorithm) for online significant wave heights prediction, in Persian Gulf, were investigated.
The data set used in this study comprises wave and wind data gathered from shallow water
location in Persian Gulf. Current wind speed (u) and those belonging up to eight previous hours
are given as input variables, while the significant wave height with leading time of 1-24 hour
are the output parameters. Results show that the artificial neural networks can perform very well
in predicting significant wave height, when shorter intervals of predictions (6 hour) were
involved. Small interval predictions were made more accurately than the large interval ones.
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Results of artificial neural networks were compared with those of regression trees. Results
indicate that error statistics of neural networks and regression trees were nearly similar.
Keywords: Prediction, wave, Artificial Neural Networks, Regression Trees, Persian Gulf, Asaluye

oSy e GBS0 (g, b o] @l s

. [Y] Sl 00 MLQA

Egan omas sla 4 Y
LSS waxr Jus 5l pras slaasis
drwg 3 4 g0 y0 a5 il e jleds glSoeols
@S ol olg oo o LSLEST (pl 5l aslansl g0l
sll gl o2 5 bosls oL SO 5l il zl sl
wras aSiy vge ooliul s e sl o
Oo e pb  Slowls 0ly S sloey (sgan
@axly 5l cras a0l &ly o 0sh 0 aSLe
L Sigdom slogsy wla)ld, b ol ould JSas
w55 1y oy laxly cpl S olds 5 Jow
Jos (nl 4 &5 058 Jol> (295 So b oS e
51 eolaiul anl B ogd e aldS codld Al S
G Sl a5 coul Sl 4 ras slo Al
L oSl 0gd (oo ooly aSl 4y ‘5;;3)‘94.—1 sl Jle
1y sy sdisel laizes s gags 5l eslial
e 4 Al (o> oS WS e et 69k
4 oo (eSS A Bb ZSG05 (Adly 2y
Logels 1) las i o995 S (359 Dl
e S5k ) 355 5y 9y e e oo I
Slp oy Olss ) 0sd 1 Las> a5 2o oo
g sloyie U asl oo aslol judil laasly 51 Gy
S S 50 ] ey a5 jgal slaJlie sl
aD & s ek Las LAl ey )93 i
Uas aSWgds oo ol laigSay apyig g ool aydss
Ao gmae aSl 5l Gdsw cpl o 0gd PBlas
SfgeSow JULl &5 JLakl e He S Y

] 0l oslazwl

S5 ol slo e y0 ¥
Jslite 5 568 sl ll 51 (S (655 proal &0
S b (G g ganates glp
Ol g @ (cas GlaaSd BBy T peead

T Glios 5 sl /) F oyloc fozin Jl

doddo -\
by bz b basye slaclles  glsal 136
(b 13 obe sloosle 65l 5 o le Jod
Jlg 5l cBli> g obys J& 5 Joo 5 (SliiS
S Gl (SFUS laghy, B sl oal cxge
bl bl 3 abys slaossn 4 bagye sla o)l
Sl &Syl 4 dz g b o pdy oo g glsal s 0
509 BB ojlail 4 blas 5l g bews 10 Zlgel Gledlsl o
Lg MLJ‘SA 13J sw‘ W) w WLA @LQ) 0)90
cud bl g gleel (G e e gy 3l S o
3,55 ges adgs 1) zlsel o s Ll b oo
Ol gwiige )5 )0 zoe Slasin i
i Sl S p Ly Slles (gh)aely @
9 G)bl?,)‘. “_g)'L).S‘ u] LY sJ4.> JM.B )| l;“)o o> )
sleass Job o 0gei o)Ll objs laojle coal
5 T 0Py e Elyl G G sl e
3 e sladae 5l eslatwl Lawl oo @l goae
2 5 ddbice stz JB glalaz glhls 5)lse (S
SledMbl pgw Jud sloJon Jro g0 slo oo
9 ;.)LC)U:!‘ Lﬁ‘ d...e‘.: JWJL) < ﬁ)y ‘5\.0[.;‘.;‘9,6 00):..‘5
Jas ol 5l eolasl o gygelS ol
28 wdbee ool gl g auie Sre pilies
olaidl e b Jaw cpl 5l oolaiul ojlae 51 Sy
JoL?j)‘ LfL“"L"‘“ >Ry k5L“ u”ﬁ) )'l L_fﬁ [\] Ml‘ts‘
Slosliinl sy S (295 5 699)5 G erie
Sloslxe Il lagby, wilbige py Slslxs Sl
Syelly olol 1y (el oo S5 0 g W)l ep
5 o8zg0 Job ol cgo b cepw aile Jolate
L oalie cpl jo S oo aeule oL polas o
oo £, b i (Eoas mas a3l eolatul
3o él). ﬁ;&).w )...a‘)l.: ).«.:l; 9 O PR )y o..&.l.ﬂ

g Sl 35515 b5l 590 2b i S35 I

VYA


https://dor.isc.ac/dor/20.1001.1.17357608.1390.7.14.9.1
http://marine-eng.ir/article-1-193-fa.html

[ Downloaded from marine-eng.ir on 2025-12-31 ]

[ DOR: 20.1001.1.17357608.1390.7.14.9.1 ]

3 e e (Sl A oMzl b ) el g5 2t e £l b

Lo wd—io 4 puiai

aS oo5 Wave scan buoy ag zge slassls
03,8 oo atelu S Jolgd 45 1, glal 5 ol LoDl
wibige o ¥ g S S e 5 ol s
S ojlail Ol mdaw 5l g0 ¥ oglasyl jo ol cepu
3ok Sy 4y (Vg0 2 5l oolictal b a5 coul oads

el oas oo (Ug) (520 1+ glis)|

10
UIO:UZ(Z—)“7 )

ol ey (5,5 o3l e gyl (V) alal, yo z
Sb e Uy g el jo i b)o haw ) S
4l p e s p byo gl g Z gl )l s

RV

o s Al Jow el -0
S al38l 50 ob sy yiolyly il g —1-0
T eW,l 2L S
@YM@MMwJ{JL@TJ
1J Wil oo oob, b e b e o a4 0l
om0 O Y dw aSL SOl s dllae l o
el 00l oolaiul glgal glas )l b i gl sLacl
aY ool cgz g ol cepu sl al )l 5l eolanl
g W)l b I8 0 Wl w5999
sag,ys 3l lal I8l o o] wsl a8 ,s6
Sy zee gyl g ol e oley zse el
30 oo gLl (25,5 g ool el QT)'I b8 celes
sobiles . Al V] canl oas b s oo Slels
50 0l Casy (99581 00 5 oo cdwlie V Jaax o aS
VOUSs po sl a8 Sk e gl Ob i
&Lcu)‘ 03l G’L’ U 9 00D Lgrfo)‘.bl ):oLu s lao
odalin (o255 o g 699,9 99 b slaSd 0 e
g sl ol 5l U8 celo S 5o gae gyl g o
ar 795 Ol a4 ean] Celu £ )0 zse glis)|
W) Lgffo)l.).:‘ ).)OLQA MLM Y JS..) 2 el 00l
69939 4w b lSeh 50 g gli] ead (obAny
Toe e, Sl (nl )5 (295 &5 S9d o0 oalin

14

) 095 (St SSmeedl S350 (G 3l
30 &Sl 8 wes o oy iled (6,Ss B o
9 dpdse oo Feiokn ki (e slaasd
3550 50 leion (Bl ledy 45 055 50 o] (SisS
25 lse @ Ol G pSeeal L350 Slogas
:o/S o)u’;‘

055 B ;3 oy ]y odls o s pSeeal Sy -
Sg god Bl (slodly e AT WS o (G ppdS
sasls ;o ool goozme b jols 05,5 ;o osly)
(w‘ ﬁ‘ﬁ 03 él;u‘

G S ol S350 gl 00l dlom! Jae ydegd -
ool laiz wiiS e obul 1) co o a Slaps 6l
o) (S prenal S0y a5 lagaaiws -
30 odd 0,d glrosls calll (gg, 3l Wsd oo
A 1Y L IRV TSNVt TP W PC IR

oolaiwl 090 sl oolo —F
o) s -)-¥

oles b0 slazal jo a8 el Gc:l)g—‘ ERpILR NS
)8 IR Gl onm 4l g Olpl Gl po
o g el g Jegh S YYYe el Colas
Sop wlS g o9 w5 S b
Obwsl Grd 50 ashue dibis o jleds ol
By SragkS Vo 0 )l w4l )3 e
Bly wle o 8 GreskS OV g eds o
L R e e e
25 ojm ALY ead Bly b el s oS
ol yo colaiul 5,50 sloosls o)ls alold (s Jlei
VE 51l el 50 @ae 5 0k sloosls Jults 3odos
a5 waloo Yo e Al Jiysl YO B Y-V Jlo sl
Jsb s YV ¥ ¥ N glilar o

el 00 6)9]éa?' oY’ Y \WE ‘;LS‘):O-

" ilio —Y—F
oad Cud ()5 gge DML Sl (o nl o
Cod olBiws el sas eolitul aglus ddlaie o

1o Glinoj 5 jurls /) F ojloct foiio Lo


https://dor.isc.ac/dor/20.1001.1.17357608.1390.7.14.9.1
http://marine-eng.ir/article-1-193-fa.html

Ol 2 bod (obigs ozl _
Lo Grwd—ipo 4y puii

[ Downloaded from marine-eng.ir on 2025-12-31 ]

[ DOR: 20.1001.1.17357608.1390.7.14.9.1]

Dyl (oo 033 o0l ol s 5 el aB)S B )y 0,90 coi] Sl £y
o ools 5 g slo ool o gyt illy ¥ USCS

DA&J celw YE Q\Y‘ ! c‘“c\dlﬂ} Juo‘sﬁ d'ﬁ At dl&d:g,g Lg sl 45.3.»\: 99y M L’A.!‘).\é d-m.g‘l.aa -3 JS"?

Sl oley 4o L |
9 Ol e Olo) 0 Ee EW, . )
5 : 5 o & ploj o gse €] las3s,
J8 celo X6 50 ge £l . ]
ol ce 0 Jd el S yo mse gl oles
g Pl NULP]
A A (am celos S5 )T
AT AN (o el an)THY
YA AR (s sl o059 THVY
AN AL (oo el Yoz 5 o) THYF
3
325 |
w r=0.77
o2
'3 .
S s :
X T o3
. e 0 .o. o.. .
% 1 * 1’3’;3. O‘., e ,'.o ,.0“.
L]
g, H 336" 00 gs 2 ler o o°
S 05 . ."'.:3 .‘o. .
», . H -
[ * ‘:i.!.. ':O. U] * e .
0 ; : : : |
0 0.5 1 1.5 ) 25 3

(o) ou (o5 o3l 5e gL

P W)l g ol cud loj 3 Tae EW,) (63959 93 L Z 90 £l ol (b iy g 0 (g 5 031851 y3lhe duany o —Y JSUS
o] Gl T gl ooyl 5 o sl S

_ 3
s
_jU 2.5 -
5
¥ 2 ‘
% r=0.79 ',
: 1.5 - P
_:‘5) . . '...‘. S " 3 b
'sgle
j 1 ] - ..,’ :2 o‘: .. 0,‘.: .‘.:o R
’% oaasilines ol ‘e ® -
+ 1T R
s 0.5 4 H ....!o: 1 ' .
s H BegeSen "0 o%p e .
0 T T T T T
0 0.5 1 1.5 2 2.5 3

(J‘Ls) sah ;5}-5 o_;.,l_l_d Tae &Lﬂ)l

T el g ol Cud gloy 50 g0 el 69959 4w b g0 gyl o (ol (a9 0 (35 031l 3l o —F JSb
PSCTY ROV IS PO PRO-SUPRRN 51 I e JUP FPK PR

7'01«.‘«.&)}}-‘.![!/),‘:0)[&“/“‘3‘,/& VY-


https://dor.isc.ac/dor/20.1001.1.17357608.1390.7.14.9.1
http://marine-eng.ir/article-1-193-fa.html

[ Downloaded from marine-eng.ir on 2025-12-31 ]

[ DOR: 20.1001.1.17357608.1390.7.14.9.1 ]

_}Lﬁ.‘;jﬁ@‘;«”c{[@&J/d}@/bwjb@&-)}ﬂ[&cf&[@b/dé‘_f«.::

Lo wd—io 4 puiai

I Ou)..\.i] celo VY 5\Y AR Lg‘)" Q" L5>9)>
50 @l glalls (s do Jaw oy ol ool
uL\uJ C;Lu sl 00 ML?!A T &Lm)‘ @L’ e
o] cels £ oF Aol Jolgd jo zse gl
oS Je o il ag slo ool b el il
el s ooss] el YF g VY Sl Jolsd jo
ol ng‘“f o)‘L).S‘ ).i».)LﬁA L) o A.M»LG T9e
oads 48,8 i o ol aSl (V) alayl, jo el i
el gS) )T 8[.0;)‘ H t+1 UT L_'>'>9)’> aS ol
Ol yo zae gl ‘QT sl (635,55 il (o ooy
slo ey 5 zae gl el lej jo oL ey o
)6 (F) Laly, jo il oo ol Judle cels cuta
ol JoSis eals )53 sla (68959 b ola 4l s
4z W)l b
el YF g el VY el £ el ¥ gl cus s

o M;)lj.s WP OH9e ‘od..l.i]

H,=fWU,U,.U,_.U
H,,=f,U,U,.U,_.U,.
H,,=fU,U,.U_.U,.

H,,,=f,U.U,_,

11—

=22t

Uu,,U
u,,U

-3

U,
35U,
U,

-

U,
H, ,,=fsWU,.U_.U_.U U,

mas 4l g es -Y-0

OY aw l guas glo 4SS ol aisS 45 jghailen
(IS ok il ol (LSAS (29,3 5 Sle 45399
Ol aY olass o glls &153‘59 mas 4D S
e el (B ki 4Y S Yaens (Jg il
P g e oS Al i Gl slaay olaws
slasy oli8l b (Js s aseis 1) lagSl wilgs oo
Sod JS5 oS o agSl 45 e oy
S ol saSelr Glr S e plebd 5,
om0, bl oby wli 1) Gl slaasYolass
Adb oo Y 2 10 dg>g0 layg, Slowd o as
Yy g 31y ol sl a¥ye lagg s sl
slasy Lol o jls S alivss £95 4 (29,5 9 (5999
A e el olacl g co 1y Jawg 4Y 0 bapyg s
#ﬂm‘@m&&kjmq&b 3 d S
ol 00l ool lallas Sk Jawgio
a5 09l (oo 00y amac a0 b Juu ¥ Jgu e

r—l)
L H, HH)

(drghms — (mas sla aSoud g, ) 90 EW5 ) (b Ly ;3 Ww glas (5 -Y Jgaa

oo Snod oty blas SaSly Szl alyly
P Ay .- -1 Al
P A NIY Nire i
P VA -IvY <157 oo ¥
1 e YA 170 of--f
£ ¥ -I¥F <IN¥ A

'Y

9ol 5 sl /) F oylos i Jlu


https://dor.isc.ac/dor/20.1001.1.17357608.1390.7.14.9.1
http://marine-eng.ir/article-1-193-fa.html

[ Downloaded from marine-eng.ir on 2025-12-31 ]

[ DOR: 20.1001.1.17357608.1390.7.14.9.1 ]

Ol 2 bod (obigs ozl

Lo)s wd—io g puisi

sl ools o (095 Bl (6,5 el la S0
S5 ol Zae i)l g ol Db i Ese W)
B, ezg oanl celu Vo) gl g Jawgl onld
0ad ob G g edd (65 ol polie alis
Slacs s by 4 ean] Sl o Gl zae gl
G ¥ USS jo 09l se oaalin ¥ S 0 paonal
o slp s gl ol ol i polie Sl
ey Sy el GBS 0 g, 4 oan] el
5 g YNY rge eyl eappSle a5 cusl oud
ey & b b Gl g gl S

Al oo e YD e (slo a5

Sy Sy peeuai g L0 -F
oSy &350 CART o0,580l (6,5, L
Ol hecesl a3 )8 513 ol 0590 5 oad asle
S5 gl Joo col §lp Cond 90 09250 sl o0ld
ol el ouls eolawl Ll byl gl cedd
b 5l (A zge )l (b i 50 (Kot o pd
sla S350 g (Eghas omas gl 40D )
ool 00 00yl ¥ Jgaz 50 (Pgrw )T, e
b G 00 S8 (e 358 (0 onalie &5 shailen
ool o055 op 4 B8 sla By )0 zae £
Sey 0> 4 L85 ami Ul o Gries

saig] Caclus YENY 1Y o) ilo; Joolsd St oo W) ol (i (oShowmsod oty dummliio ¥ Jouia

S5 el GlalS )0 s S ol
L/AVY /aYY (o el SG) T
< /AN </a-f (awy ceclos an )THY
CIVAY -IVaY (any cel 2 JTH7
<PV CIEYA (o el 035190)THY Y
SIYAD N (o el Hlgz g o) THYSE
2.5
T
3
EN
0
%
)
™
]
g
e

0 0.5 1 1.5 } 2.5
[ ya) ool (_g).; o;,|.d Tge ELEJJ

G o GRCE D (Wigy ay ouiul Cslw G (g1 go ET, ouwd (b yions 9 Bl (538 2301 33 3lEo duans o - Y JSUS

2.5
EEER
L)
E;ll..l_—)’
T
i
0.5
o & T T T T

o 200 400 600 80C 1000 1200

[0 O NS

S5 ol SBCS )d gy a1 syl Sl S5 1y 9o EW ) 00l (b iy palio Sloj (o —€ JSWS

9. uwjjﬁb/)fo)[é.«u/fo*ﬂbu/[w



https://dor.isc.ac/dor/20.1001.1.17357608.1390.7.14.9.1
http://marine-eng.ir/article-1-193-fa.html

[ Downloaded from marine-eng.ir on 2025-12-31 ]

[ DOR: 20.1001.1.17357608.1390.7.14.9.1 ]

3 e e (Sl A oMzl b ) el g5 2t e £l b

Lo wd—io 4 puiai

6-Mahjoobi, J., Etemad-Shahidi, A,
Kazeminezhad, M.H., (2008), Hindcasting
of wave parameters using different soft
computing methods, Journal of Applied
Ocean Reseaarch, vol.30, p.28-36.
7-Agrawal, J.D., Deo. M.C., (2002), On-line
wave prediction, Journal of Marine
Structures, vol.15, p.57-74.

8-Deo, M.C., Jha, A., Chaphekar, A.S.,
Ravicant, K., (2001), Neural networks for
wave forecasting, Journal of Ocean
Engineering, vol.28, p.339-3.

\YY

dunlie jo mac bd 4l co LB Gi0 ol o

@b O e Ge S el e S50 () b
sobie py Ceal 4B S J1E )2 390 mse W)
o & o @ agr zae 5 ok gl oledlbl )
Gt ol b 5l eolaul bl onls oolatl
b S 0 Fyhan (omas ASh &S SES g o
9 A oS S5 Sy Sl sl zse el
Sle oYL cds (eunyl celu i

2% 45D (6999 55 8l See o Sl (53938l (e
9 WV o7 Sloy Jeoled sl e o) ok (i 280
Sloy Jolsd slp 5 ail oo fse canl el YT
dlin 5ol il Slaiz 136 so] cels ¥ g)
P SRS pedl LS, 5 ras &GS )
b e 280 85 ol (o0 50 pee ] (Db
@l g eog o3 a4 s 59 )0 @se g
DS o splie

&l -A
1-Mahjoobi, J., Ardalan Somghi, H., (2009),
Prediction of parameters of wind-induced
waves in the Caspian Sea using regression
trees and artificial neural networks, Journal
of Marine Engineering, vol.9, p. 65-71.(In
persion ).
2-Mahjoobi, J., Etemad-Shahidi, A., (2009),
Comparison between M5 model tree and
neural networks for prediction of significant
wave height in Lake Superior, Journal of
Ocean Engineering, vol.36, p.1175-1181.
3-Mahjoobi, J., Adeli Mosabbeb, E., (2009),
prediction of significant wave height using
regressive support vector machines, Journal
of Ocean Engineerring, vol.36, p.339-347.
4-Mahjoobi, J., Etemad-Shahidi, A.(2008),
An alternative approach for prediction of
significant wave height based classification
and regression trees, Journal of Applied
Ocean Research, vol.30, p.172-177.
5-Kazeminezhad, M.H., Etemad-Shahidi,
A., Mousavi, S.J., (2005), Application of
fuzzy inference system in the prediction
wave parameters, Journal of Ocean
Engineering, vol.32, p.1709-1725.

1o Glinoj 5 jurls /) F ojloct foiio Lo


https://dor.isc.ac/dor/20.1001.1.17357608.1390.7.14.9.1
http://marine-eng.ir/article-1-193-fa.html
http://www.tcpdf.org

