J. Oceanography (JOC). 13(49): 81-91, Spring 2022

Journal of

Oceanography

Homepage: joc.inio.ac.ir

ORIGINAL RESEARCH PAPER [iViafine science)

Numerical Solution of the Geostrophic Mesoscale Eddy in the Shallow Water Model

Somayeh Darskhan , Maryam Soyuf Jahromi **

1 Department of Nonliving Resources of Atmosphere and Ocean, Faculty of Marine Science and Technology, University of
Hormozgan, Bandar Abbas, Iran

ABSTRACT
CEEICILEREN T No SIS Geostrophic currents profoundly influence various oceanographic events and

Code: A-10-1143-2|

Received: 2021/04/17
Revised: 2021/06/28
Accepted: 2021/07/1

KEYWORDS:
Numerical Solution
Eddy

Mesoscale

Shallow Water Model

*Corresponding author
> soyufjahromi@yahoo.com.au
@ (+98917) 3914373

different interactive processes between the atmosphere and the ocean. According to satellite images,
eddies of Persian Gulf with an average diameter of 40-90 km and a speed of 3-6 cm/s, have been observed
mostly near the coasts of Bushehr and the central part of the Persian Gulf. Hence, by the purpose of
numerical solution, a geostrophic eddy current is dissolved in one layer fluid model called the shallow water
model.

m The present study uses numerical solutions for geostrophic equations provided by the Woods
Hole Oceanographic Institution, entitled "Coriolis Guide" by James F. Price and is available in four separate
sections for free research studies. It can cover basic equations based on the Coriolis force (such as the
geostrophic equations). Using dynamic realities such as ocean shallowness, hydrostatic approximation, and
the relatively constant nature of the vertical structure of the ocean, a geostrophic eddy is solved in MATLAB
software based on the geostrophic equations. The origin of the coordinate system is on the center of the
eddy and the results are plotted along the diameter of the eddy. The Coriolis parameter, f, is constant (f-
plane coordinate system) and the friction is ignored. In this numerical solution, the finite difference
numerical method has been used and the model development has been done on a structured grid and
regular rectangular shape. The studies have been performed at latitude 28°N (similar to the Persian Gulf)
for a geostrophic eddy with a width of 50 km and a peak height of 3 m relative to its sides. In this numerical
solution, the eddy properties of the Persian Gulf are tested as much as possible. The simulation is performed
as a dense layer of fluid with a rectangular peak for 10 days from the initial time of zero and from a standstill
(initial velocity of zero in the center of the peak). The energy source for the eddy activity is provided by the
potential energy stored in the initial stationary state of the fluid package. Therefore, the total energy is
stored in this shallow water model.

m The Rossby deformation radius was 28.5 km and eddy velocity was 0.029 m/s, which was in good
agreement with the satellite images of previous studies. The results show that due to the approximation of
the geostrophic current, the resulting eddy shape is symmetrical and Gaussian. The eddy peak begins to fall
by the release of the initial rectangular peak, at zero time for a few seconds under gravity at the beginning
of the simulation, and it releases potential energy and produces a current. The current moves at a constant
speed in the eddy. Moreover, at the beginning of the simulation, many instabilities are observed on the
water surface and around the main geostrophic ring, which as the end of the simulation approaches, these
pulses almost disappear and only the main geostrophic ring of eddy remains relatively stable. In addition,
the initial rectangular eddy becomes a soft curved eddy. The results show well the two opposite directions
of (horizontal components of) velocities at the right and left of the center of the geostrophic eddy. By shifting
along the current due to the right and left of the geostrophic eddy ring relative to its center, a vortex is
created that creates rotation for a balanced geostrophic eddy. Kinetic energy and potential energy will be
equal on the last day of the simulation when the model reaches a steady state and perturbations on the
basin surface disappear.

From the results, it can be clearly seen that the Coriolis force and gravity lead to an eddy with a
geostrophic equilibrium. By changing the vertical intensity of the fluid column strength, the rotation speed
of the eddy also changes, and the larger eddy diameters have more energy.
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Fig 1. It shows how an eddy is formed and separated from the
mainstream. Warm core rings rotate counterclockwise, while cold core
rings rotate counterclockwise [3].
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Fig 3. A shallow water model [16].

(AF)

HYbrid Coordinate Ocean Jowo jl colaiwl b ()18 md5 slo g0l
as wis,S el gyl axisls  HYCOM jlais] cuodle L Model
lazme a5 Sl bl ol pl Jolaw @08 Jlod Coons 0 (L >
Gy S Guiod (ol 4o .l (Baroclinic) ¢l 5 8> (s kbl 5l
9 VVO-VYe km oo Lol 4had aS s oalie glas > bl >
W5 e VO-Yokm o 1) (SeedSs L (ool S8 s glad
Loy a5 w20 oo lis 1) oo )5 ol Soleds ol SLo Y S
Sl jloolatwl b 5d (Vo) aslllas o cenl oads &Sl Loyl
ool L o Jols g o) mals ol oy i 5 (30,5 HYCOM
L ool lag].aisls J8 ) 050 1) 50,0 455 3y 5l e
Ol j0 (5,0 gz Slaal jo Ve
gl sl Ve km 1) ly JS8 s glad 5 ws S svalie
50 ead plil Gldlhae 3ol a5 o L00o,S Sygl )8
Qrkm sgam ;o )l mds ulide b slagol el [lad ()8
O =AY asb oo YO-Y o km ool IS5 s e LAY km U

km sgu> o slajladl

1

30°N-
28°N+
26°N-

5

E

o

3

o e E

24°N ~United Arab Emirates  gmar—o]

T T T T

T
48°E 50°E 52°E 54°E 56°E 58°E

(8] T slacsol olyan 4y o) els 0,5 Silocs ol S0 ¥ YU

Fig 2. Schematic diagram of the Persian Gulf with its eddies [9]
3 6w A (goas  Swlinog,ue Juw jleslaiwl b d(V)) asdllas jo
Ol 9 3l 5o (b Sledl 2 ok g wio S Lo 395 Gudios
ol s Job o bde le ool Hpax eaias Gl
35S sS s Gl g 5l slahad 0 ' g lon ;) sas axil
A s oo ens (Sliwl gl ams jo g col Bl 5 e
A8 elide e slagesl a4y e ol (Sl (5 luLL !
zd Jsb o Oem/s b Yem/s ceyo 5 VY okm B Yeokm sg0>
95 oldeglee ool i s jslaie 40 (V1) anlllae 395 o
Joo 5l oslil b aplily cwgilidl cldlas 5 ol clagl >
St p oo bz @ )BS,80 leaned 4 i esS so0s
laed) (Senliss Jelos el by aiisls g uplioplos (slacsd!
s e IS5l 1, Lol ol K 5 45 00 5,9
sl (g Sz wsols plodil 1) by Oldes upw ad 5 ka5 o
U o B gds 53 95 45wl Gl Sge cnl 4 GaioS cnl
Sl e gles 8l iz 4 lnl Jo g slagl > S8 o |

1 Richardson number



JOC. 13(49): 81-91, Spring 2022

IEe) oy o F o) Las Il s gl usilid]

a5 gyeb a4l oad lgtwl Sliwlguue el solanul
25 S Syge 4 bl g e Ol s o L ganaSs
258 Jlasl (68,5505 (g0l yab (sl

Sy Sl 0ald ‘_,’J-ljb o aias glaSlls (g9, SYolse
Jolas g, 5l gl > 5 el yins O¥olee Sl (g jluains
‘Sch) rslf 6‘)’ .)5.“:‘50 oolaiwl (upwmd) 9.~.:QL| Q""j) 5 Gi..a Sgdone
8o Jo Cpz 09 oo oolaiul (Leap Frog) ST by, 5l o2
PR Ooge Gl w4 laY S b Jae cnl 0 9K Ol
88l olido b (adsl Ll )l ) adsl culses (g lowials a5 g8 oo
Wil 3l cou g 0gs 0 by yeSew s 5l (g0l HhB lgie @) L
S (o0 S > 4 E950 (52595 S99

time = 1.5 days

500

-200
-400
-600

0
km

-500

east, km

0,50 oz v ilodnd Sy g958 5l ey 35y (V0) e 5 S B S
O
Fig 5. One and a half (1.5) days after the start of the numerical
simulation of the geostrophic current [16]

Oyge 4 S > WS (o0 E5 > o8 adsl Wl S a5 5
Ol NS e S8 ol BLBL s gsles 5 il zse Gl 90
WS T S 4 SEP sl g Sl Sepn b bl
M 85 S lan S o 25> € = VGTH (St
Gl 3 sl 00 Ly (VF) (65wt polasl s anlllane (gl ek
Shblay o)l ool b b JS8 Gl adsl 65,5005 68l w53
el 0ad ooly Ll gamdn Oygo 4 AT Sl e pliie Oe>
b 5l a8 sl oS1ime aule (g )lmials g oo oays 45 jebilen
5 wdl Ll cou jad by, 5l an Col ol e, f amio 48 ysS
RGP RICPUPRE X SR NI P B g eges
S8 lss Syge & oy S, SLLI o IS gse o
S ey b g apm Sl 4 . Wigd o0yl (Isotropically)
090 [l A7)0 ey 095 o0 Janin (LIS Tae Lty 4 S0 3
sl o0 o0lgs Ly gl anllas ool candlne oyl 5o Loty Lal
Lol JUim 5 3t o ey ledlb g (S alys

Agd oo 00l gl 1 (VF) Jow slealy Ll a4
Yol Beb 4l 5p0 ¢ Sloj o5 o 50 o Sl3T o <S> Ly
Llis a5 355 00 (5,8 (5 ilwaend (il )3 35 g0 s O3] o (s
2 50 dles GudSl donS )0 e 092 Jhew Z)ls jo 4l

(AD)

coys 5l eolatwl L (Primitive equations) aJsl oYolee J=
et sl 055 00 (b ol s (5550 Ly b g o Slisly e
SYolee) (60 ,Km) &S o aly O¥oles f axans jo 0, K0 oS >
g al el il S g ol ,0aS wighee gpyalb OVF JIVY

- ) ap
OF) ol (23,5 QLo g g e ys8 sl Fg’ = 9, Lyl
u oh

s L VY
6t+gax fr=0 avy)
aU+ ’ah+ =0 )
g t9 g tu=
ah+1L1(a“+a”)—o )
ot ax  dy)

a4 amis S 0 i ety ST i) gas aw oS o
s Sbly 55 (2lsb age (@i (o) 0 2 p97ee S 252 S
g Ay 5 S ygo wrz

v )

gzz(a

Ju

5
Olgse oF USE) (VF) (So5deiy sloo, L Saolins LS L ali
bl jo Ol sy L oS 040 b Jas & g0 4 ool slallus
Sy pgo daddge aS VEV(X) g U=+ Jls leie 4 il Ko adlge

E=VxV -

Sobe @ 0gdie b A b X jgmme St Gy A Cad S
waxg b ol Sop bl wcwly jeme Sljlge 4 ax ST aw(x) o,
X Gl38l L aS (65 4 05d o raslx X jeme b Cd GiiaBse
d .
318 3575 £ = 7 Syge 4 N3 el oo 33 5 v(R)
00l (5 lwancds dlue ;0 0,10 04z g i > dzmdg> 40 Al J0 g
dalgr Soro b gol Hhad bxol jo a5 emme SO sliwly j0 Ce
3 o eddogy o yemme SlaiBue ollws lawe (1) (gl 09 00y g
4 g0l Hhd bl jo ey Dlyss g 0gd 0 a8 S Al s (g0l

o

-

g™

7

Tix)
// /{"_/i g Rl

DVFIX j9me g yd (28 (U5)L5) by SO je ool F U
Fig 4. Vorticity in a shear flow along the x-axis [14].

sl Soiliwgaem JLad n 08 o0 (28 Jloal 1) Jlow (reizren
N rewy 0w el Jlw ol b L S gt
35 e Sy (Senlizoge s Sloopad b Ladpe (Sasd sl 4
09y Cnl 3l e oo A 1o 0 o Stz g Lal (g iy asbe
s OF VY o¥olas) (60 Ky adgl o¥olae bl (glwas



Darskhan and Soyuf Jahromi

ot Sow g lsF 0 p0

-\Y-+km «)3».\.’> L u“)b@'l’ wL&cuL».o (_ngLg«)‘ u.l.cl )L:S 4(\ M
ol Job 1 sl YO-Yokm U ol ol ) S8 5 glads 5 O
Slaalie b as 0gd oo aid 5 a5 000 km o Ko b, 5 Jol>
Pl ol oedyb ar cas g0l Al glis ol asls Gllas Bzl
L) Jls 5l 05150 laY S0 4 (siludnds 0gd e 2 AT ML
B 5550 )3 (t=2) yho adgl lej 5l 59, V0 Do & (oS JB Goe
A5 USE) v o T UK uatns Lo adyl s 5l wsol
d}é)f)ﬁi)cﬂx =Y/0 km Lg).g]].g @L(“’ f:lfﬁAt=Vf’&S l)).tb.:‘;tLo)
g Ges aldl ol a8 Ja o Yeem b ol dilie os ol
asll o)zl ly loand dns plpe 4 5 o)l Gl
i gilwand ol o Yeem b ply ], Gee aScpl cde 098 o
a boiyo glagdl 5 Sllog jLasil glss o a5 05 o 028,5

gravitational adjustment, latitude = 28

3
3
o
=
e?f 1
5
1 L L L L L
15 10 -5 0 5 10 15
3 T T T T T
2 = -
o time = 0 days
s 1f — _
0
1 1 1 1 1
15 -10 5 0 5 10 15
X/Rd

Sl ST Ol o g 0,80y ol £ S
Fig 6. The geostrophic current and the water level at the start of the
simulation.

Courant-Friedrichs—) cil,48 sae «Jow (5 laub 550,91 Cawds 5l
a5 Wyl o Caws 4y + /Y bl (CFL jlazs] cwdle L Lewy condition
S o] 5 s e Lol 1, )asly by 5 sl 53 dae 5] jzaS
ov |y gols dihie g el oSy Ohg0 4 gileand o)
o ool el gl 1) i ol Shb o) eds ol
LJ"‘ B L.S"d‘j 6LM aQ L.S'?"“"‘)L"“c‘ 9 L.S'?"‘“"w 9 09.‘.«:‘54

el 028,55 550 (g5l

z .

g Sy sl siloand Jol 59y )0 1) ileaned amct ¥ S
Ol ()l el e3g0oe) YAIN. (GLdliir (20 (sl T e
wdlyd (95w adsl SISl Sl 050 00 0030 a5 jsbolan oo oo
@ 6ol Cly g o S ;0 e 5 WS S > (095 4 Sl
S oS5 (a5l e <10 1 S ey aniin L) o)l & 90
st (ol & JS8) gl (Jeate Sl 1 g0l ol wogdle 4

(A%)

S o ol b oogd o aisle doly adls o Slawbre l al> e
Sop bl &5 Selie 22 ez (Saol Bl 5 f 35
Sgdien (g ey 3,500 Oy yd Jolas & S 5 505
(i b yoghS Y
Sl shd plpy Ve gilwands cpl jol, 881 55 ulae plall
SISl B 2S5 55 (6ol b s i ¥ L) (691
ol Shd a5 Slool 5labl ails semg ase> jo b Lo
el (Vo=A) AYekm JIOkm sgam 10 o, mds (60,500
Jo Glp S5 SBolal a4y olad (ol [hd ol oYV adl alold 14
(olul 3IUT g 51 eolannl b g cogdle as .0gs adlys allue (!

Sga ,0) I 5 S5 ojlasl 4y a8l ulbe oS

5y ol 5l ols Layy lgi oo s2Bly dged slrosls 4y 1) Jaw sleosls
Silongr 3,805 oz Sy 5 ol s 15 wiile gl it
ol dils ) abgy o liwlons g alies o osle el b wigd oo

Dol dali
Ot o Ale oSt e e (65, Bled 4 ol K0 8,0
0P8 S Al Jols s e 2 Lo gl (i (555
Oz Jelod 5 452 50 Wl oo DBl a5 a5 el Su5d sl
5! Egeme (EKE Laiz| codle L) (SlSe (65 51 0l apbo Jlw
el (PE jlas| coodle L) oty 9 (KE jlas] coodle L) ot
Ay ey 9sly ) s (65 (EKE=KE+PE)
A e ooly ) Jedly @55 5 KE = 1/2hV2
1/2g'"m? + const

» buls, opl .cwl PE =g [lzdz
oo ) (53,0 591 6531 Ol U 39500 )y e (e gioS
@l Sl JpS e o6y 2 5l Job Ll o Loges
L8 6l 51095 g0 oanali (55l Jolss il el aS 050 oo
209z se mle s (al )0 wdl Cate J5S oz Gl 550 595
Sly JyS w5l ) b ) 2 JLES (U5 x> B
3 ke SRl J S w2 50 39290 (655l e 5l 4 aiS (o
glyel oalple cabioe (RIB1 U5 w2 Sl )l 55 &S I
ole 3l oS o s (5lmtals s o1 L (g5lwas il S
oIS led ot Gl b sl slagle; o s d e g0t =
Mg Ol g Wi (o ol ) by (51 S o0 255 g9,

S e
08ly3 & )90 MATLAB Lassee 13 00 aligs (slodS )1 g i
S TN Gldliz e 50 lp Sl o5 athate 2yl
@ Joe 9z ded e mebat folanlbre g )b mds s3game
Vool 255 Glesgazme 5 ol B slinl) jo g gom S )50
S sla Sz 1 wgdioe Jor (oly JSbydS glad plp
bl gz ol @ldliz (2 STk 5 958 0 i 0 o)l >
Ay ot plonil Slalllas Bk (97 go0 X3S SN0 g )05



JOC. 13(49): 81-91, Spring 2022

IEe) oy o F o) Las Il s gl usilid]

e s 45 390 c0 0048 (255 41 ¢80l 35 yo 5l (58,5 alold by ogd oo
4 i ool b s e e cldle b lade 9o glls Jlew
Sl e 6sSn ¢ JSD) jho oy ooy 0 4251 ke
Ok 99 esilodnnd £9,0 L Lol e )05 0929 adg> (nl o (68 S
30 g g0l Hhad gliwl, yo (g0l 35 0 5l 585 alold b ey Llade oS
s55 Kt o O A 5V JS8) A5 o s S5 2 3500 g
& aS Cowl ¥ ool 6)'L~Jo~>L~.: J.iu.: dJUG.A 9 VO aoleso d,.]o 61‘5[..\
by e s b g ,08 a o Gyl sl 00,5 o Lal T (VF)
WS o 0l (g0, Key Jolaie (g0l sl 1) (is 2 4T 04 g0 Sl
W e Js F S8 3o o5 55, sl s & 25 ol
G YL A Y S wogdle 4 09y dplgs 0,35 so (g0l 5,0 5l 4z
@3l ks s, o oS > Ly ey 20l 5 Gl Dt 95
/Mo % Gy yehly a5 @ & JS0 il (65 S w9l slaail>
‘5(;).9 L;ol asl> ‘&.a‘ Lg.)‘ » 05)1.(: as Cowl U" Qg0 DS 0 ul.uv.d ‘)

Sl @31 MSY) o amly (Sl 6531 Lawgie anlin N Jguar
Dglaie Hlad aw )5 oo
Table 1: The comparison of the average mechanical energy per unit
mass (m?/s?) of the simulated eddy in three different diameters.
(km) (Eddy diameter) o/ ks

(Simulation Day) . jLwdmi 35,

100 75 50
47785 35798 23794 (First) Js!
47293 35329 23174 (Second) pgs
47004 35071 22753 (Third) pgus
36360  3.4608  2.2252 (Fourth) sl
45577 33772 21413 (Fifth) vy
45100 33147  2.0262 (Sixth) g
44892 32478 19492 (Seventh) yiis
44467 31831 18938 (Eighth) pi.tn
44000 3.1316 18555 (Ninth) 4
43580  3.0923 18279 (Tenth) o2
45601 33420 20884 oS ehwres oefle

(average

Obey ez 0l 5l glite Jad aw sl 1) (6551 eSilee N Jgor
2 SlpaS cal Latin Jeuz slrools 4 ax g b aws oo las |
e i ileaned Jsl sloss, o 69l (655 coamie ylad
s Sl (o5 @ 45 355 00wl o] jluio 5l ey ;3T L g oo
L Bk 5ol colss Jus sl 5 Oz o8 S 1eSs 4 Jue
ahal) o5 09l e patie Alide slaykad o ol (655 amlic

(AY)

el 5 (Oml oV S (pomte L Oj50 & 5 o0 S5
ol U5 i g o 4285 Alold giluacd ST loj 5l az o
39) 45 Gogb & wdloe BT e Spe a4 gileand o 0
e 5 Blo e ool (gl IS5 (@m0 33)) il 5
390 00 o2 80l Sy byl jo Jhw Sy (A D) 09 oo S0
8 o iy Glod S0ome 4z ST 05800 05 Sl (Silodnnd o000

Db g5 Wlgiga 4l e <10 51 oS
gravitational adjustment, latitude = 28

3 T T T
;o *\%7\*
e?f 1
=
1 1 1 1 1 1
15 -10 -5 0 5 10 15
3 T T T T T
2 - -
I time = 1 days
= 1r i
O Ny —
1 1 1 1 1
-15 -10 5 0 5 10 15
X/Rd

53t Jsl 395 50 (ael) ST s 5 V) 9,500 Oy Y S
Fig 7. The geostrophic current (up) and the water level (down) on the
first day of the simulation.

gravitational adjustment, latitude = 28

3 T T T T T
T .ouunulllllnnn“......,\..____..MII"“““\\..II““"I""’
s, i
e
=
1 L L L L L
-15 10 5 0 5 10 15
3 T T T T T
2 - -
<° time = 9.9 days
=1 1
0 .——//L%
1 1 1 1 1
-15 -10 5 0 5 10 15
X/Rd

Sttt BT 55558 () O a5 ) 8,505 ol A S5
Fig 8. The geostrophic current (up) and the water level (down) on the
last day of the simulation.

2 2, lubl (v S8 (gilwand glaml jo az ST asi s e
(A J52) 050 Bybyy el slajg, yo 45 510 9525 ol lans
@ (S8 biee sl adsl g el by L35 L Ghle
(A JS2) 50 (S et (nl gd oo o (315350 OelS (Sasl

Lol 00 00,5 pgal 4y (095 4

Inltlal and final
T

1 T T T
06 B
°
s L -
£ 04
02 b
ol -
02 1 1 1 1 1
-600 -400 -200 200 400 600

[
Distance (ki)
Siloaerd 555 Gl g sileand S 555 50 O gl Sl anglie A S
Fig 9. The comparison between water level changes on the start day of
the simulation and the last day of simulation.



Darskhan and Soyuf Jahromi

ot Sow g lsF 0 p0

al
I ‘.um«wmﬂhhm - —
2 z [ ||H“\W —

151 Rd — time, days =1.2
time, IP=1.2

nin, and V/(CmyH)

-500 0 500
X distance, km

IS Jedatins diny als by 5lam 55, VY lej au bogy e ISCo ) YY) S
OF) 213 oo (Las 1) Jlew atsl aloals ) jow bas ool 8 2l 5l adsl
Fig 11. This figure corresponds to the time 1.2 days after the release of

the original rectangular package from a standstill state. The green line
shows the initial displacement of the fluid [16].

e 53 e o 08 5 o 5 sl Sl | o 5 i
@3l s codle 4y 098 o0 JoSis ()l O 50 4y g0 Sl 5
s L 5550 40 5 905 g0 S5 5 4yl Llais o
S gl oo 485 alols (gilward ST Gloj 5l az e sl oo 5o
4wl e Gl Gey Ojge 4 Gileand Ho ool el S
S 53l ol JSb (o0 39,) (3lwdnds BT 59, 50 45 (s y5b
20 8 5 0 b 50 Jlew S p 098 e IS (S 5 Slo
G (§)loged AT JSL 098 oo 05 sl (3Lt @20 59,
5l ol ald @l s a5 ams oo Lis 1) lej 435 o Lol (g0l
ooy 35 b S8 piomie c3lyis el 4 adyl JSo Jubitens Lazil
ol Sl AY JSE o oad ools lis e,8 s aes e LS

el cldled 6l (6550 e 9 el ool awloe VA0 /s

w22 Jlow iy adgl oS S )3 0ad 0 23S ity (655

Sy

distance, km -500

o 4y (3l ST log) S ebitane (0l S i 090 NY Sl

e 5o g aw Ojpo 4 Loy S35 L ((gleaned Sl S e
Fig 12. It shows in three-dimensions how a rectangular eddy (at the
start time of the simulation) changes to a curved shape (at the end of
the simulation) during times in the model.

(AN)

ol as 6)9-'¢ 4 c.b)b KPE N ‘_gL.e,v P) o ‘_gj).il O (soniioms
@ axgi b i o e (i S b g Wyl (s i 551 550
X agae 53 5 T 51 69,5y ool a8 Gl3El L ) Jsor

o o[ YAl Joe bwg YA'N Sldla> ohe sl ol ey
aisile aie oyl o oo plonil Glidaosly a5 098 o dwlne 4l
 of e oo lids 8,800 ol dslne ;3 45 (V) g2 e
Widged Oy90p 4l e /YA Sga> 0 )b gl ashis o
V-5 1, 0o, s ol ceyu dA) a2 uizmen o)l Gillas
233905 359l (/oY= o[ F m/s b Jolae) a4l e Sl

YAID 1) YA'N (o (slp ool U8 st glad (Jao 121 L
@ oyl illae (Vo A) 4L Slallas b 45 0b dslone freskS
099 3w lbzds uldeple slaggsl il b Sile J)le
odel Cows 4 YO-Y o km oowly JSo s glads 5 VY okm G O km
Syl cdsllas adllas pl b aS conl

S Sy 0 K0 Oy oS Ll ) el @l Y ) - sla o
60,5 Yolee Jo slosaly as azgi L (VF) S sl f azis (o
olbl ogldl jo @Bly YoON oye j0 a8 cpl sl ais S @l
@ 4 Vg GladSa b s g0 cnl alie Sl 039y (Jlot
Gl Lo 5o § ()9) Lansg oo diigd (sl ey 45 a3 so (3L

33 3525 g5

I ) i
500 STy
0

X distance, km -500

time, days

IS e cdlo 4y Jobaiss (o0l IS8 5055 0920 5l (g 4 (5 pgeas Ve SO
OF) Hley 8L
Fig 10. A three-dimensional image of how a rectangular eddy changes
to a curved shape during times [16].



JOC. 13(49): 81-91, Spring 2022

IEe) oy o F o) Las Il s gl usilid]

4l el Y7 1) ()l s ool ce ps (slolsale jglas
az S ams oo lis 4 Woges oﬁ]ﬁ /Y= l-Fm/s | Jolew)
Wile Slles Glazmdg> 1o Ll wg (02 O)50 4 dlaws Sl
sl aaly o IS wilgs o o, s

5 55 5 oo 5] 2 ol 45 ol s b etan
FoS ey b g olaal o g wlge 0 CIES &jgo 4 e
5 (0 Joo2) @ls & axgl Wedoo yamie 4l » e o)
oy Oglite Sligy b 631 51 5 S p sl b callins Slig ke
Ol &5 alee R 6l (Ghad) Ligy (Rl b g9l cae p a5 0
L aSiogh g0 oo ;1555 laykad )0 i (65,1 L alassl 4 0>
38,5 5o (Y1) il (g0l (65,50 dieny 50 00y ploxl Dliass 4y a o5
230,8 (yl Grizma b oo Gl ol gl Gl IL ol (65 50 a8
(VY) g o 00,10 (g i (655 (5 yidtom Zee ju s 355550 sl Lol
L o gl 55 soldl il Y (5o oSy £329e b
aoeis ol bl (55 slasol (silwanss 9 PALM Jow 51 oslaiu!
Ol eizes g s (3L 55l Gl I slagssl &5 wis S
S s 5 i slace yu b 55 il a5 wsls
(YY) awo oo lid o9 Gullasagylo

OB s g8 oS Lo

adol sanes (Jow slyzl ( J—al Game laie 4y Jol godi—usss

J.n)y )loe.).e,c ‘) s A.JS‘ wﬁ;w 9 ‘5...\.:5.:&5 ‘Libd.iw
g B Cuolad Codai e dadaly sl lgie 4y pg0 (goni sy
e..\ﬁ,c).g‘) alae s’Lﬁ‘ 459.».33 d)jmj Mw‘..\.{b ‘6..“3;..&5

RS a‘b

ué'o)dé 9 LS

oty 5o byoSo5ed and; wl )l alaite aslipbly Jol> (Jlol allas
oS5 e (5,55 50 VWA AITY 6 0 o sl 5 50,0
0l s p3Y 055 G Mtun g sl o0asy Sy ) 0 oISkl
a5 S Gimgh Ll s 0,00 wol b Cam o550 ,m olKiils 5l a8

sl ansle 1) Sl yad g

&Ll (o,

€owl oazs Hly Baiug s awss g8l (o)l 433 g

References
1. Pauly D. On the interrelationships between natural
mortality,  growth  parameters, and  mean

environmental temperature in 175 fish stocks. J Cons
Int Explor Mer. 1980;39:175-192. doi:
10.1093/icesjms/39.2.175

(AR)

Joleie g0l gl |y Gid 2 aS 0 0 Sl olgl ey 35 10 4 s

bgr o mdseys8 slosaly ulal (69 500y DYolas ¢ g5 (0l o
bélp> oy 10 (A a%s) Woods Hole  owgildl anvge 4
o 55y 00 De )b gl (loysdS stz o o TA'N
OO 0,5 ) 4y dz g b oS 0 S plz o 125l Jeols s
oo (55 A s ol 5 e s Jolo g0l U5 0l 2
Obs 1y 63,50 ol il o g Sy Sae o 0l
5 2ol (B sliwly jo e pu Jlade uss Cle 4y oS sao
I silotnd o plrol 5l ogdee i |y o) (1557 amiye
b )5 & ey e T adyl s o Jubitune b (glall s
Spo 4V F JINY EYolao) (68,Kime) Jmilyiss S¥oleo Jloc!
@995 IS5 ol Sl e o S lesy IS8 poie o0l S
WY S sl 097 d9dee gemal (o3l adgl ad Sl a2
S35 s wibnee (o23 adg> JFIS )3 Jlow arale 4 Lais
S ol IS e 591 plos oo gl L 3 a3 35re
WJoe aoad Jlasl (5550 bl g azgi Lo lo I8 ade> 5550 50
QS CS X g, Jawe 7B 4 add | ase aulgl oo zlowl
5995 3y ol U5 & ads g )5 5l Wlgi e Sl 5 zoe @
2 Je adg o Sy Jil anld S Jeesd line 4
ghl o ez STals ol 4 g b ol ool jhad b,
o G 3 ol S o g 3 s L s rten
Gy 4 Jow eyl 535 b g a5 4 Ll g oo 0030 (63,500 (ol

lgayd CS1gSs g b
adg> 4y bgyye oo (g5luared (g0l 00p0 a5 jsb (e wogdle &
ot 0] 45 0 _r S0l 0 b allis (e 0 el cagy o5
able callas ojlul Hlas 5l )8 mds )0 95250 slagol b ooals
ol b 51 3l (V) anllae b (g0 oy e 5 panslS ISigtl,
60,y (60 g s g Al (M) 9 (V) asddllae 3ubo) O km L ol
aie opl 50 0ol plol Gl b ol Caws a0 /- YA M/s bl
or 050 |y oo lbmds )0 0 K (b, dle a5 (V1) wiile
dga > 0 YA oo o adhie o) g0l go5 cpl Ce s wials I,3

Soolinl b dA) &z 0 iz (Aidges 3,900 asl 5 yie o/ YA

2. Zarei P, Siddig Z, Marvasti SS, Torabi Azad M. Study
of mid-scale ivy of the Persian Gulf using satellite
imagery, 13th Iranian Geophysical Conference,
Tehran (Persian)2008.


http://dx.doi.org/10.1093/icesjms/39.2.175
http://dx.doi.org/10.1093/icesjms/39.2.175

Darskhan and Soyuf Jahromi

ot Iz 9 5lsF gy

3. Chelton DB, Schlax MG, Samelson RM. Global
observations of nonlinear mesoscale eddies. Progress
Oceanograph. 2011;91(2):167- 216. doi:
10.1016/j.pocean.2011.01.002

4. Webb P. Introduction to oceanography, Creative
Commons Attribution 4.0, Unreported License, Roger
Williams University2019.

5. Hallberg R. Using a resolution function to regulate
parameterizations of oceanic mesoscale eddy effects.
Ocean Modell. 2013;72:92-103. doi:
10.1016/j.0cemod.2013.08.007

6. Fallahi M, Sadriensab M. Calculation of Geostrophic
Flow in the North Atlantic Ocean (Persian). J
Hydroph. 2017;3(1):11-19.

7. Stewart RH. Introduction to physical oceanography,
Texas A and M University College Station2008.

8. Sadri Nasab M. Three Dimensional Numerical
Modeling of Circulation in the Strait of Hormuz.
(Persian). J Oceanograph. 2010;1(1):19-24.

9. Torabi Azad M, Sabetahd Jahromi A, Raisikomiz A.
Investigation of quantitative and qualitative changes of
geostrophic current in the Persian Gulf. 14th Iranian
Geophysical Conference, Tehran, Iranian Geopolitical
Association (Persian)2010.

10. Thoppil PG, Hogan PJ. A modeling study of
circulation and eddies in the Persian Gulf. J Physic
Oceanograph. 2010;40(9):2122-2134. doi:
10.1175/2010JP04227.1

11.Yao F, Johns WE. A HYCOM modeling study of the
Persian Gulf: 1. Model configurations and surface
circulation. J Geophysic Res Ocean.
2010;115(C11):17. doi: 10.1029/2009JC005781

12.Hosseinibalam F, Hassanzadeh S, Rezaei Latifi
Three-dimensional numerical modeling
thermohaline and wind-driven circulations
Persian Gulf. Appl Mathemat
2011;35(12):5884-5902.
10.1016/j.apm.2011.05.040

13.Raeisi A, Bidokhti A, Nazemosadat SMJ, Lari K.
Mesoscale eddies and their dispersive environmental
impacts in the Persian Gulf. Chinese Physic B.
2020;29(8):084701. doi: 10.1088/1674-1056/ah96a3

14. Bahmanzadegan Jahromi A, Ezam M, Lari K, Ali
Akbari Bidohti A. Numerical study of current and

A
of
in the
Modell.
doi:

circulation pattern in Chabahar Gulf by FVCOM
model. (Persian). J Oceanograph. 2021;12(45):41-51.

15. Pedlosky J. Geophysical fluid dynamics (Vol. 710).
(2nd ed). New York: springer1987. 724 p.

16. Price JF. A Coriolis tutorial, Part 1: the Coriolis force,
inertial and geostrophic motion”, Woods Hole
Oceanographic Institution, 8 Version 8 October.
2018a;15:1-68.

17.Price JF. A Coriolis tutorial, a Coriolis tutorial, Part2:
a rotating shallow water model, potential vorticity
balance and geostrophic adjustment”, Woods Hole
Oceanographic Institute, Version 8 October 152018b.
1-65p.

18.Price JF. A Coriolis tutorial, Part 3: b-effects;
westward propagation, Woods Hole Oceanographic
Institution, 8 Version 8 October 152018c. 1-50 p.

19.Price JF. A Coriolis tutorial, Part 4: wind-driven

circulation and the Sverdrup relation”, Woods Hole

Oceanographic Institution, Version 5.4 May 62019d.

1-79 p.

Rahnmania A, Ali Akbari Beidakhti A, Azam M, Lari

K, Sarmad Q. Numerical study of front variability

between inlet and outlet waters in the Persian Gulf,

Proceedings of the 18th Iranian Geophysical

Conference (Persian)2018. 528-531 p.

Sabetahahd Jahromi A, Lari K, Soltanianfard MJ,

Raisikomiz A. Study of the effect of mesoscale eddies

on the distribution of temperature and salinity

gradients in the Persian Gulf and the Strait of Hormuz,
13th National Conference of Marine Industries of Iran,

Kish Island (Persian)2011. 1-9 p.

22.Zhan P, Krokos G, Guo D, Hoteit I. Three-dimensional

signature of the Red Sea eddies and eddy-induced

transport. Geophysic Res Letter. 2019;46(4):2167-

2177. doi: 10.1029/2018GL081387

Mohammadi F, Hassanzadeh A, Farman Ara M.

Physical properties of the mixed oceanic layer in the

Persian Gulf using the PALM model and large Edi

simulation. LES. Two Quarter J Hydrophysic.

2015:14.

20.

21.

23.


http://dx.doi.org/10.1016/j.pocean.2011.01.002
http://dx.doi.org/10.1016/j.pocean.2011.01.002
http://dx.doi.org/10.1016/j.ocemod.2013.08.007
http://dx.doi.org/10.1016/j.ocemod.2013.08.007
http://dx.doi.org/10.1175/2010JPO4227.1
http://dx.doi.org/10.1175/2010JPO4227.1
http://dx.doi.org/10.1029/2009JC005781
http://dx.doi.org/10.1016/j.apm.2011.05.040
http://dx.doi.org/10.1016/j.apm.2011.05.040
http://dx.doi.org/10.1088/1674-1056/ab96a3
http://dx.doi.org/10.1029/2018GL081387

JOC. 13(49): 81-91, Spring 2022 V) las ¥ o Lo I ales il o gilis]

AUTHOR(S) BIOSKETCHES OB S g9 (B yo

g i)l (olid ) el il 5 (5050 Glsl jeed 100 (95 5 GBisel s (leB S dnews
eole gl 1S 5 SVlis g 5l LT MATLAB (glal3le 5 by i) il ol oy olSitls 51 Lo
ol ool &5l

2olal b gl dan i) 50 a5 ol (50,0 olSiils (b )0 Sod jbolinl (o0 e Bomw o po
ELCOM sl omass (sl b il 51 s 5 0,10 ylge MATLAB L 5 (cargiaS 5 (slo lgale
el o8l bl Ll MIKE § FVCOM «COHERENS

Soyuf Jahromi, M. Assistant Professor, Physical oceanography, University of Hormozgan, Bandar Abbas, Iran
>4 soyufjahromi@yahoo.com.au

& https://orcid.org/0000-0002-7877-6277 (Orcid register link)

Somaieh Darskhan, Department of Nonliving Resources of Atmosphere and Ocean, Faculty of Marine Science and Technology,

University of Hormozgan, Bandar Abbas, Iran

M<somaiefdarskhan@gmail.com

190,85 oo JoeSS 4y 5 Jassgl Caad ]

(Vancoure): Darskhan S, Soyuf Jahromi M, Numerical Solution of the Geostrophic Mesoscale Eddy

in the Shallow Water Model. J Oceanography. 2022; 13(49): 81-91.
d

https://orcid.org/0000-0002-7877-6277
COPYRIGHTS

@@@@ ©2021 The author(s). This is an open access article distributed under the terms of the Creative Commons
oy e A Attribution (CC 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.

(3]


https://orcid.org/register
http://doi.org/10.12345/joc.10.**.***
https://orcid.org/0000-0002-7877-6277
http://joc.inio.ac.ir/browse.php?a_code=A-10-1582-1&sid=1&slc_lang=fa

