J. Oceanography (JOC). 11 (44): 95-105, Spring 2021

Journal of

Oceanography

Homepage: joc.inio.ac.ir

ORIGINAL RESEARCH PAPER

Investigation of High-risk Zones in Anzali Coasts Associated with Rip Currents Using

Field Measurement and Coupled Wave-current Numerical Model (ROMS-SWAN)

Mahmood Reza Akbarpour Jannat*", Majid Noranian Esfahani ?

1 Associate Professor, Faculty of Civil Engineering, Marine Engineering and Technology Research Center, Iranian National
Institute for Oceanography and Atmospheric Science (INIOAS); Tehran, Iran

2 PhD in Marine and Oceanic Sciences (Marine Physics), Iranian National Institute for Oceanography and Atmospheric Science
(INIOAS); Tehran, Iran

ARTICLE INFO ABSTRACT

EELLCIGI G RET T Ro 4 {\=E Global Positioning Systems (GPS) and General Packet Radio Service (GPRS)

make it possible to track surface currents at a low cost. In this paper, the details of the design and
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construction of an online self-recorder system to measure the lagrangian currents in the swash zone and
Received: 2020/11/17 compare it with numerical modeling results are presented. Comparing the results of the measurement
Revised: 2020/12/22 device with field measurements of coastal currents shows that this drifter has good accuracy for tracking
Accepted: 2021/02/25 coastal currents. Although there are problems with internal shelf flows in transmitting data collected from

the GPRS system, offline capability helps maintain data. Surface current measurement data were tracked

off the coast of Anzali, southwest of the Caspian Sea, and several rips current cells were identified.
Simultaneously, the currents simulated by the coupling of ROMS ocean models and SWAN waves showed
Keywords: the presence of several cells with relatively weak rip currents (less than 0.8 m/s) in the region, which is in
good agreement with the information of interception drifters.

Rip Current

Numerical Modeling M The present paper aims to present the general design of shallow water drifter for online
Field Measurement measurement of surface current velocities including coastal and rip currents. The present study tries to
Drifter evaluate the performance of shallow water drifters and use it to investigate the characteristics of rip

Surface Flow currents in similarity to numerical models. In the second section, the physical details of the drifter design,

the numerical model, the network configuration, and the induction forces are presented. In the third
" ) section, the results of flow modeling are compared with field measurements performed in the coastal
Corresponding author: swash zone of the eastern part of Bandar Anzali located in Gilan province, and joint processes are
X< akbarpour@inio.ac.ir discussed.

m The coastal currents caused by the waves in the coastal swash zone on the east coast of Anzali
were studied. Rip currents are formed approximately 60-100 meters apart almost all along the coast. These
currents are not very strong and have a speed of less than one meter.

Flow modeling in the coastal area indicates the existence of several rip current cells that the
path intercepted by drifters has also confirmed their existence. Although these currents are not so strong,
they can be detected at distances between 30 and 60 meters. Most of these rip currents have offshore
direction and have been less affected by coastal currents. Hence, the path of the drifters indicates that
under normal wind conditions from the northwest, the surface currents are pushed to the east and rotate
due to the shoreline. Under east wind conditions, surface currents develop primarily from east to west.
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Plexiglas and (left) of the driver in operation

0.80

y=0.93x+0.01 bl

MBE=-0.03, 0.
T oeo  RMSE=0.05, .
E sl=0.31, R
Z r=0.95 .
5 3
> (54
£ 0.40 o

o

3 K
g T
8020 0 G0 P
: ot

e

<

.
0.00
0.00 0.20 0.40 0.60

drifter velocity (m/s)

. 0.80

0.60

0.40

measurement velocity (m/s)

0.80

y=0.91x + 0.02 .
MBE=-0.03, r
RMSE=0.06, - .
51=0.26, 5 .
r=0.93 s 5

o
e | .
.
Ll
o '.
L] o .
-N. ;. t 4
o He

0.20 0.40 0.60
drifter velocity (m/s)

0.80

RCMO olKess fawsgs oads (5,503l s ps by 2y 1o olSiws (Gl ) Jorlo 3 0ges St g () Jolo (55150 s s soaidl g duylie :Y JSCo
Fig. 2: Comparison of components of parallel shore velocity (left) and perpendicular velocity (right) of drifter with speed measured by

ol ol Glawle g5 5 o]y 5 oy SOl eSSl
O St 4 azrgs blasl cul il jpas ddlaie (pl o Jslite
sl AVl o3I olol 5 o)ls O mhaw p sloig b
Jled 5 Jlad slask e o 3k (npmld 5 il (sladlase
P 5 b ok az 5 Ll o s 0Ll 5 o8
Toasme b Jad o cend ol o 5edle 5,8 wgi ol Lol 5)9 o0
MalS ol a2y 5 il Lo 5 s se pSl> adlaie 5 o ol
Ly 4 35 aepe gl pliney Jad )0 09 ale> glse
Sl ot 5 3r00led (Jlod slask Db 4 o)l 92

ey 055 ol 4l 5o Toaze b5 onis 03433

5 Ol ade Jlod zlosl Jlo Job yo )35 ooy axl jo
03,lg (580 oyt Sl Hob (65 Jlod Zlgel olayg, Jleis
SlslS by Jad ;0 0,5 (o0 Dy (Jlod lgal (S5m0 5l 5
Al opl jo liee) g 5ol leols by oo (38l (6 5L 2l

RCM9

a9)

2 sl polie gl p e o=V G (S 7, 0 Nz e
<\JU~.S|)J PL&).LQLS.AS‘M)O \‘ﬂjM)bYY ul.ufouﬂ.i»L:.n

pad¥oaS sl wl, we 0 V)0 5 as,0 YOLA olall

O,18 Sy gy ol 5 0 bawg e relasl (6 Fe sl

il b S g Fllas edguxe ¥

Ol sl JlsTt Sl sals o jlsen 55 sy o5z slao]
oS o Juds a4 g (ol o el oog dilaie ()55 9 (o092
S ) 5 e ol (DS ool bl 5 Lo e
s 4t 53 3 sy 5h ol el osgs s 8
e dhozr 5l K805 b Jeily Bl 4 55 by
B ez 9550 o 50 0atblSs lapl > &5 el (>le (S5
a5 JaskS FID ogam olo g5 pye (F JSS) sl a2 S
Ol et ol slael Bo5 ax 0 FA00 U B0 ax e FALF



Akbarpour Jannat and Noranian Esfahani

Hlgdol GLilygi 5 iz 50,551

ey 9 903 s esam du Joo S5 ROMS (saas¥ 5 b > Jos
oSl gl 3dg) G006 25 aSibhe SYolas & a2 e
S GxSope 5 Stpngy g bl Sl glocy,i jleslatal L 1)
515055 5 Jaw ROMS Y] wiS o Jo sgamme Jolis slacSuss
1) alb OYoles aS Cewl Al paesd (g3g0s Dlaitre i
i S o o gpe b canliie 438 el Lasdl imie Slaiiee
5 Joe slessgyy S Lo cibly 5 50 Llpd (hes
sl ol Glazss b s (Seid Slaseis | Glaegers
oS o oS3 6Lb 15 g s Joe 3 5 SWAN glgal Jra
5 855 Bl 5 2y ol B alS LS el e
425 3y glyel Slodrd 3 1) goe —gos (ot pd lagiaS )l
(23 Tloel b (50 Lulpd o hes oSt [N] ams. )13
LS gl eSSl Cep g 0ol Zlael Slwl sl ol cudlolg
sl ailsy b ases oY T s S ln Gz 5 Jol>
Sl 5 oXle d0p (AP zae gl Jold glasl (S
e Sole gble Gly Jaw cpl anled aule |, rieis
Noye3 5 m¥ E8s 5l 5 Gees Ol Zlgal (gl Lol Cel dblbanwgs
B 355 g0 s SWAN 5 ROMS (gl Juro 48 s> Saici .ol
Sl s sled el ) ool s @l (o2 Slal >
5 PS5 slackz » (e COAWST s 0 0> s

el g0 3l (AL bl g il Sl SIS

5o ol 5,50 delxie ¢ Lasdl szmie Slewle 4 (F) S
S ol s 230 5 ol oo 3 o sl 5 | 51 <
B 5lg5, b 'SRTM 31,55, 55 (slmosls S ol (sl am e
5 0 Bl sl b GEBCO minls5 slassls 5 o T-
ool cailoals glusyjen oo (81,5 000 slaosls b as Ll e

ol 00
> . . - .f

Gibwand Zlael Dlasein wal plxdl gildow oriwcoms ¢y
Jelot g duslie BS aladi )0 oals (5,503l Slae (slaosls b o
oSy b o s s BS il s (0 JSH) wS
52980 o5 Ol e g 15 8 I8 e B )lse 5 il
Slatine o 295 @bl GpSelul Sley ol jo eliml ol

3,08 3929 Jeo gl § zlgel slase

Silbdow rwcoms sl g Zlael sildow Como cwyp odle
e Yo gogum Jold )0 a5 iy ) olRiws B 5l eonds plosl (b >
(F S a0 3 eolaul wilnds (gilule, ablite o8 5 505,
ol 009 yio ¥ g yie V0 e SO L.;).m b a0 (gilule, Gos
0l ildde b bz oL o yidy )0 &S 2 e dulie

L shuttle Radar Topography Mission
2 The General Bathymetric Chart of the Oceans

PSC U I REVES R f")T (o) Sl slaole o Sbsb
o sk jo aaoee plis (o5 (Shg glosl Slol (o9
@ Jlod gloal (08 4l OS5 9 000 ade 6250 Jlod gl
Zleel Sl i b oSl Jlod Coz wes e Fy Oy
S IYAY B) azsly moli8l 69l e zlael Sl b jo
Jol> zlsel (Y92 ;0 1Y,0) sl ShalS el )0 5 (a9l
odside ol SRS 1o 555 s i e 5o 3L
ol 4 cwl glaasMe BB polie slls ol o ams Sl
ol b cl oS didlaie jo edls jebbay sl ST sla)l s
5 sobe laaisy oboul axis ( d>lo (65,098,500 Judo 4 0929

ool 2885 sl LIS

WSS dilaie 5zl 0 zae 9 Gl shpe polie 1 Ml 1y
L ADCP  SiwsST | Kizge ollitws G 5l goae oo xiwly 5

o Aol )3 5 5 Vb (o 8 Bes jo FymolS Fev LS5
B5 alais) 05,3 colatwl 55, A Caw gl Jole b 5l ae A

A

Latitude

3745
49.4 49.45 49.5 49.55

Longitude

Condse 9,55 by efosr (JHl (St Jlpe Slllhe aihie Y S
(BS) )liicj.o oKws
Fig. 3: East Anzali coastal study area, southwest of the Caspian Sea
and the location of the waveguide (B5)

Clloly g po 9 Al (gusu )y (goue Juw .Y

(S oad cax Jaw S5 COAWST L oS giladus pis
la o) 5l (o5 5 Szt & ol gy JUl 5 gl ¢ cwgilS
5 ROMS 15,5 Jaw ¢8 caiamms opl DAl il so oolinal L5
el .ol odges i MCT LS 51 oslizal L 1) SWAN lsal
oS oaxie gl oy s yiios COAWST (v bawgi (gjlude
ol pll Jolo Slis adlae 3 lyr —gee (S, ) 2

el 00 d:.:i: [\ﬁ]



JOC. 11(44): 95-106, Winter 2021 199 leaanf o FF o, Lad o)) il oo i3 il

el Sgpin MalS 00 (6 K, slrodls 5 o g (5 ledre il | A3 o b |y 0aidlSs ol o JUS iz o o Slas ol (e
o2 Jolo 4 g Glaplyz 4 Cond gul o slagl 2 D508 g oS

Depth
37.5 (m)
8
Ef 37.49 -

o 6
o
Y
2
[
°
=/

£37.48; 4
-

Alia) msadys) 2

1 1 1 1
49.49 49.5 49,51 49,52
Longitude (degrees)

49.47 49.48 49.53 49.54 4955

Wloads g 3 B a8 L g Gialed Cgr aSis slo ol e Yoo (881 pigles b (5l dolom jo Jow (Slouloes oSt i S0
Fig. 4: Model computing network in Anzali beaches with horizontal resolution of 20 meters. The grid cells are plotted in 4: 1 for better display.

Hs(m)

_
=
g
|._
0
< sim. + obs.
360 F w4 oy #, Tanpwewn oy g i = g
! + g
U270 = .
e + + o+t e+ + g to+++ LA S S T . SR N S ++' +
[} s + + +
4 180~ + s
= #w sty ooug Ta =g s # R v L e B i
=
a 90 +F

£

) o . PRI %, . B, g,

B5 oKl ;o 5 Soslal polia b giludos 5l ols gleel Slaseie bloj (5 anlin b JS
i e 3l oads (g 3lwdnd polie caiaoylii 0 g je,8 p das g (6 ,Sojlail olie cunled + g ol (px las

Fig. 5: Comparison of time series of modeling wave characteristics with measured values in station B5,

(RMSE) &l o (nKilis 2y glbs (MBE) (.Sils glbis cons  2lsel (6 LT (slo el L ¥ Jguz
B5 olfiws! ;5 ADCP olSiss s M2 s M1 slaaysy Joro 10 (CC) (Kicorr sy g «(SI) (SauSTy (uSasy
Table 2: Statistical parameters of waves in terms of mean error (MBE), mean square root error (RMSE),
scattering index (SI), and correlation coefficient (CC) at the locations of M1 and M2 and ADCP at station B5

Ly Hs (m) Tp (s)
MBE Y oY
RMSE ol \,6Y
Sl YV ., Yo
cc A\ Y

[AR))



Akbarpour Jannat and Noranian Esfahani

Hlgdol GLilygi 5 iz 50,551

Gy gl ool 358 55 by osix Jlow 55 0 Ui
@ S 95 Jolg il el 03,8 e S S A Bes
ol s IVFD wiie 565n )55 sl wee Jolew R0
@ byd S 4 caBlSh lapl x> 39k Ges yo Ll IS
Sl Jdo ppon

Jobo (naiz d92g (A) JS5 )0 oads wols lis atecdys (e
aazrgi badloes oo plas ) dole Jsb 5o 0aidlSl slagl >
%45 Sgdne 3y90 Wiz )3 32 & ok > (nl i)y polie g,
S 658 iz clonds JuSAT Colf uidlSs o JULS e

37.49

Latitude (degrees)

sl syl > 0

» el Sl s s glel ) Jel Jole glagl >
slglyz (V JS8) <85 JI8 w0550 JHI (S0 Jolgw
ool o Loy oo 5 je #omV e o, slaalols 4y ondlSs
08l s JUS e Jsans alols ilazs 5 S Lo sl
ol IV el o 355 pels ¥ JIY U e 00 iz
N93 0 e So Sl S (e g Wi 98 Gz lagl >
By ads IS8 sy Sy il 5l Loy bl > cnl ailoss
VoGes U oS san ;0 sz e ailaidl, Cawy Ge Vo Gos
&y by g 58 [VT] SlmaS ity (2208 55 5500

37.47
49.49

49.5

49.51 49.52

Longitude (degrees)

Sl Jolge jo 50 sloslatul b oasdlSls slacl > obo, b gildos guls anlie i JSCo

Fig. 6: Comparison of modeling results by tracking rift currents using drifter in Anzali beaches

325}

Sm

w
=
B
]

37.48

Latitude (degrees)

-
0.8m/s

37.47

49.47 49.48 49.49

49.5

49.51 49.52
Longitude (degrees)

49.53 49.54

S g 5o e gt ol 2 (gildis Jf Jols (ol ol Y S
3 o i3 | oSS > 585 Jome Lo lSn
Fig. 7: Coastal currents resulting from modeling of medium deep flow in Anzali coasts.

The arrows indicate the location of the breaker current

(0+Y)



JOC. 11(44): 95-106, Winter 2021

199 L  FF o, lad o) il iy lid upiled]

375

w
~
F'S
o

Latitude (degrees)
w
e
n
w
-

37.47

49.47 49.48 49.49 49.5

49,52

Longitude (degrees)

h
0.06
0.04
~0.02
0
--0.02

-0.04

ai
fr:

-0.06

49,53 49.54 49.55

5 ol 55 0l 3o 31 ol s e A SO

Fig. 8: Verticity field obtained from flow modeling in Anzali beaches

CoU yiaS g 009 gl 0 0Bl ol (pl cdee loogs
Ol Wty )s pme gyl 5l gy lalS slaglhy> b
Slaglr ol 5 sk iy Jpene Ll 5 o5 aase
o o b3 0929 o g wgd oo ol 35 S 4 gl
B 5l Jgl az o 0 s lagl 2 o Syl ob Ll jo ais >

[vo) Al oo drwgl o yf 4

RSP RLN S b

il LSy pge By allie ol 5,85 s

&Ll (o,

Cowl oazd ol B oy s Jawss a8l (5 ,)lses digS e

References

1. Houser C. Public perceptions of a rip current hazard
education program:"Break the Grip of the Rip!".
Natur Hazards Earth Sys Sci. 2017;17(7):1003. doi:
10.5194/nhess-17-1003-2017

2. lIranian Legal Medicine Organization. Available
from: Imo.ir.

3. Bowen AJ. Rip currents: 1. Theoretical
investigations. Geophysic Res. 1969;74(23):5467-
78. doi: 10.1029/JC074i023p05467

4. Dalrymple RA. Rip currents and their causes.
Coastal Engineer. 1978:1414-27. doi:
10.1061/9780872621909.085

5. Murray ABG. Reydellet, A rip current model based
on a hypothesized wave/current interaction. Coastal
Res. 2001:517-30.

(1Y)

EFTLLENY

(Gl 6558, a0 S Sl gladgl diged <ol allie jo
e m ool lp Slbee 5z Sl Bble Gl ool
Jloyl g jo cd colB b ey ol wlos,S )l )l oo 4Y
12 05z GPRS (slopiuas 2,b 5 lSe Corsbgn (glaools 20T
3 50 opl e ga Cewsty 55 1y o] ke by s et
s s ally J3 B ol 5 S e
ol e oo Yl (ol &S il 18,8 1,8 solaiul 0,90 55 sLyo
LS oS S o wmdees )3 il cou plasz 1)
ol Colaa byo o mhaw Glyz by L ol Jletsl 4y i 0
Oz dgzy adhie ol sl o ol gildas ol

h-udsd ol éﬁib) o as .>)L> Y suuslsl ul;“).> LJ?J"‘”
aiz e ol e ol sl 00,8 ..\ﬁl; I Lol o9y s Lo yia jo
pteis BB e £e B Y o ol 5o Ul i s o

6. Symonds GR. Ranasinghe, On the formation of rip
currents on a plane beach. Coastal Engineer.
2001:468-81. doi: 10.1061/40549(276)37

7. G. RB, Miles JR, Feddersen F, Guza R, Elgar S.
Modeling the alongshore current on barred beaches.
Geophysic Res Ocean. 2001;106(C10):22451-63.
doi: 10.1029/2000JC000766

8. Thornton EB, Guza R. Transformation of wave
height distribution.  Geophysic Res  Ocean.
1983;88(C10):5925-38. doi:
10.1029/JC088iC10p05925

9. Lumpkin RM. Pazos, Measuring surface currents
with SVP drifters, in Lagrangian Analysis and
Prediction of Coastal and Ocean Dynamics, 2007.
Cambridge University Press.


http://dx.doi.org/10.5194/nhess-17-1003-2017
http://dx.doi.org/10.5194/nhess-17-1003-2017
http://dx.doi.org/10.1029/JC074i023p05467
http://dx.doi.org/10.1061/9780872621909.085
http://dx.doi.org/10.1061/9780872621909.085
http://dx.doi.org/10.1061/40549(276)37
http://dx.doi.org/10.1029/2000JC000766
http://dx.doi.org/10.1029/JC088iC10p05925
http://dx.doi.org/10.1029/JC088iC10p05925

Akbarpour Jannat and Noranian Esfahani

Hlgdol GLilygi 5 iz 50,551

10.Manning JP, McGillicuddy DJ, Pettigrew NR,
Churchill JH, Incze LS. Drifter Observations of the
Gulf of Maine Coastal Current. Cont Shelf Res.
2009;29(7):835-45. doi: 10.1016/j.csr.2008.12.008
pmid: 28966432

11.Kd8uts T, Verjovkina S, Lagemaa P, Raudsepp U.
Use of lightweight on-line GPS drifters for surface
current and ice drift observations, 2010. In 2010
IEEE/OES  Baltic  International ~ Symposium
(BALTIC).

12.MacMahan JJ, Brown E. Thornton, Low-cost
handheld global positioning system for measuring
surf-zone currents. Coastal Res. 2009:744-54. doi:
10.2112/08-1000.1

13.Nasello CV. Armenio, A new small drifter for
shallow water basins: Application to the study of
surface currents in the Muggia Bay (ltaly).
Sensors2016.

14. Schmidt WR, Guza D. Slinn, Surf zone currents over
irregular bathymetry: Drifter observations and
numerical simulations. Geophysic Res Ocean.
2005;110(C12015):1-19. doi:
10.1029/2004JC002421

15.Johnson D, Stocker R, Head R, Imberger J,
Pattiaratchi C. A compact, low-cost GPS drifter for
use in the oceanic nearshore zone, lakes, and
estuaries. J  Atmospheric  Oceanic  Technol.
2003;20(12):1880-4. doi: 10.1175/1520-
0426(2003)020<1880:ACLGDF>2.0.CO;2

16. MacMahan J, Brown J, Thornton E. Low-cost
handheld global positioning system for measuring
surf-zone currents. J Coastal Res. 2009:744-54. doi:
10.2112/08-1000.1

17.Sabet BSGA. Barani, Field investigation of rip
currents along the southern coast of the Caspian Sea.

(%)

Scientia Iran. 2011;18(4):878-84. doi:
10.1016/j.scient.2011.07.017

18.Warner JC, Armstrong B, He R, Zambon JB.
Development of a coupled ocean-atmosphere-wave-
sediment transport (COAWST) modeling system.
Ocean Model. 2010;35(3):230-44. doi:
10.1016/j.0cemod.2010.07.010

19.Kumar N, G., Voulgaris JCIJCE. Warner,
Implementation and modification of a three-
dimensional radiation stress formulation for surf
zone and rip-current applications. 2011;58(12):1097-
117. doi: 10.1016/j.coastaleng.2011.06.009

20. Shchepetkin - AF, McWilliams JC. The regional
oceanic modeling system (ROMS): a split-explicit,
free-surface, topography-following-coordinate
oceanic model. Ocean Model. 2005;9(4):347-404.
doi: 10.1016/j.ocemod.2004.08.002

21.Booij NRRC, Ris RC, Holthuijsen LH. A
third-generation wave model for coastal regions: 1.
Model description and validation. J Geophysic Res
Ocean. 1999;104(C4):7649-66. doi:
10.1029/98JC02622

22.Calvete D, Dodd N, Falqués A, Van Leeuwen SM.
Morphological development of rip channel systems:
Normal and near-normal wave incidence. J
Geophysic  Res Ocean. 2005;110(C10). doi:
10.1029/2004JC002803

23. Komijani F. Controls on the occurrence of various
types of rip current along the Mazandaran Coast-
Southern Caspian Sea. NISCAIR-CSIR, India.2017.

24.Kamranzad B, Etemad-Shahidi A, Chegini VIJE.
Sustainability of wave energy resources in southern

Caspian Sea. 2016;97:549-59. doi:
10.1016/j.energy.2015.11.063
25.DDC  U. LEA-5 module series. LEA.

2009;18(17):16.


http://dx.doi.org/10.1016/j.csr.2008.12.008
http://ncbi.nlm.nih.gov/pubmed/28966432
http://dx.doi.org/10.2112/08-1000.1
http://dx.doi.org/10.2112/08-1000.1
http://dx.doi.org/10.1029/2004JC002421
http://dx.doi.org/10.1029/2004JC002421
http://dx.doi.org/10.1175/1520-0426(2003)020
http://dx.doi.org/10.1175/1520-0426(2003)020
http://dx.doi.org/10.2112/08-1000.1
http://dx.doi.org/10.2112/08-1000.1
http://dx.doi.org/10.1016/j.scient.2011.07.017
http://dx.doi.org/10.1016/j.scient.2011.07.017
http://dx.doi.org/10.1016/j.ocemod.2010.07.010
http://dx.doi.org/10.1016/j.ocemod.2010.07.010
http://dx.doi.org/10.1016/j.coastaleng.2011.06.009
http://dx.doi.org/10.1016/j.ocemod.2004.08.002
http://dx.doi.org/10.1029/98JC02622
http://dx.doi.org/10.1029/98JC02622
http://dx.doi.org/10.1029/2004JC002803
http://dx.doi.org/10.1029/2004JC002803
http://dx.doi.org/10.1016/j.energy.2015.11.063
http://dx.doi.org/10.1016/j.energy.2015.11.063

JOC. 11(44): 95-106, Winter 2021 199 leaanf o FF o, Lad o)) il oo i3 il

AUTHOR(S) BIOSKETCHES

Akbarpour Jannat, M.R., Assistant Professor, Coastal Engineering, Iranian National Institute of Oceanography and Atmospheric
Science (INIOAS), Tehran, Iran

04 akbarpour®inio.ac.ir © 0000-0003-1850-9617

Noranian Esfahani, M., PhD in Marine and Oceanic Sciences (Marine Physics), Iranian National Institute for Oceanography and
Atmospheric Science (INIOAS); Tehran, Iran

> majid.noranianinio.ac.ir &) 0000-0002-1599-5130

HOW TO CITE THIS ARTICLE

(WEHINVELINTISN Akbarpour Jannat, M.R., Noranian Isfahani, M. Investigation of High-risk Zones in Anzali Coasts
Associated with Rip Currents Using Field Measurement and Coupled Wave-current Numerical Model (ROMS-SWAN) . J
Oceanography. 2021; 11(44): 95-105.

d

0 http://joc.inio.ac.ir/article-1-1665-fa.html
¥ https://orcid.org/0000-0002-8311-5238

COPYRIGHTS
@ @@@ ©2021 The author(s). This is an open access article distributed under the terms of the Creative Commons Attribution (CC
BY NC SA BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as long as the original authors

and source are cited. No permission is required from the authors or the publishers.

(1+0)


mailto:akbarpour@inio.ac.ir
https://orcid.org/0000-0001-7699-4636
mailto:majid.noranian@inio.ac.ir
http://joc.inio.ac.ir/browse.php?mag_id=45&slc_lang=en&sid=1
http://doi.org/10.12345/joc.10.**.***
http://doi.org/10.12345/joc.10.**.***

