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Code: A-10-1143-1 EECILIT RGOl JE{=EE The Persian Gulf is a shallow, semi-closed environment with an

Article History: average depth of 35 meters and a maximum depth of 90 meters, connected to the Gulf of Oman

) ! through the Strait of Hormuz. The Persian Gulf is one of the main sources of saline water masses in the
Recglved: 22/12/2020 world. In the past, passive detectors have been used to track water mass. The use of satellite data in
Revised: 12/08/2021 the study of water patterns and masses is a new science. The reasons of satellite data usage are its low
Accepted: 22/07/2021 costs and its availability. The purpose of this research is to investigate the location of Persian Gulf
Water mass (PGW) in both warm and cold seasons which by using satellite data analysis, the
distribution and dynamics of the Persian Gulf Water mass have been investigated and its possible areas
in the Oman Sea have been identified.
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m The sea surface temperature of the studied area (47.00-59.45°E, 22.60-32.00°N) prepared
from the Group for High Resoulation Sea Surface Temperature (SST) of NOAA named OSTIA (by the
resolution of 0.05°), and Sea Surface Salinity (SSS) prepared from NOAA NESDIS STAR (by the resolution
of 0.25°), respectively. First, daily statistical data for six years (2014-2019) were extracted annually, in
both warm and cold seasons. Then, temporal mean, maximum, minimum, range and standard deviation
were obtained for the whole basin and the means of the basin were illustrated separately for each
season. The spatial mean of annual SST of basin in the studied years (2014-2019) was calculated for all
cells, but the spatial mean of annual SSS was not calculated due to the lack of data in many cells. Then,
the SST and SSS satellite data, according to the 73-years measured historical data, were spatially
filtered in MATLAB to obtain the filtered range of SST and SSS and determine the expansion of the PGW
mass in Oman Sea.

m From the filter of OSTIA satellite data in the warm season of the studied years (2014-2019),
it was observed that the PGW mass has shifted, so that PGW mass has gone further and moved to east
about 0.12 degrees equal to 14 km in 2016 in compared with 2015 and about 0.08 degrees, equivalent
to 9 km in 2017 in compared with 2016. The PGW can be transported in the Oman Sea, 300 to 350 km
from the Strait of Hormuz. The width of PGW in the Oman Sea is about one degree (56-57°E) in the
warm season and 2.5 degrees (57-59.5°E) in the cold season, by annual changes. (The widest expansion
happened in 2015.).

This study represents that the difference of the highest daily SST of the warm and cold
seasons (35.87°C and 34.06°C, respectively) were about 1.8°C and the lowest daily SST difference of the
warm and cold seasons (18.27°C and 13.11°C, respectively) were about 5.16°C. The average salinity in
the warm season is about 34.08 psu to 36.49 psu with a range of changes of 2.4 psu. Whereas the
average salinity is in the range of 34.51 psu to 36.50 psu with a range of changes of 2.01 psu in the cold
season. Moreover, the surface water of the cold season (by filtered temperature of 28.5-30°C) is
located in the west of Oman Sea (58.5°E to 59.5°E). In the warm season, this water progress farther to
the middle of Oman Sea (longitudes more than 59.5°E), which indicates that the PGW mass penetrates
more from its subsurface to the Oman Sea in the warm season.

©2022 JOC. All rights reserved




JOC. 12(48): 13-28 (16), Spring 2022 IFee sl FA o)las Y alos i puslis yugil il

NUMBER OF TABLES NUMBER OF FIGURES NUMBER OF REFERENCES
7 11 51

s (55940 9 oo (s S5 51 ool b ylos 5l 50 5o (o Baals O 005 (b,
"5 gy T o p S s ot 0 ' Kl

Ol sl iy 15505 oS ¢ 2y (1335 5 pgle oA o srsilid] 5 (S ot ok 3l 03,57

Ol el jis (5B 00 o2l o il )0 (55 5 pale 0dSLiild o pursilidl 5 (592 S pole 09,5

el ool s 5 Sisel Slis eolimisP Gl Uyam 5 sl i 0g)ST

Q. G0 Al gy Yo .ld_wj—ua Gos lJ 9 Lwsdous iL}Q-CWS ;'a.a.‘w.a ‘L}“)lécb‘ e :Blon| 9 D) - W -~
Sl oogs Lol mlie 5 (o o)ld ds 058 0 Jate los mds @ 50,0 (6485 Gayb 5l oS Conl 2o
0y sl o o soliwl O (gongs s, slm JLad i slacbs, 5l ands o .l e g
Sheola ol s il zibas waz ole o laie 4 0T (g0055 5 0T (565Ul anlllas 1o (sl lsale slaosls

VWA Y)Yzl s gl
VE- o OIYA b Gl
VE L FRY i b

SESe Cmdan oy iR (pl Ba Cl ] 0 s 10 9 39 Anie oS (slojlgale slaosls
0555 «(slolgalo (slaosls Jdoi 5l ool b a5 Col 5y g 0,5 Juad 90 ;0 (PGW) Ly )b mds LT 0045

. ' ] ' T ] il o 3lg
o u,.:)b @.L> ul L§°°5"

'“"’ Ly s slos

slosls 09,5 51 (YY/Pe -YY/- <N Y/ e —DFOE) aslllne 5,90 ddlaie slod i @ Lo w5 9
Ly el 5,55 5 OSTIA JLansl ay o( /-7 S5 & jad) olyy S 0,08 L (SST) s pelans (sles OSTIA

- . NOAA NESDIS STAR
salys, 6 lal SLedbl ozl o ags NOAA I (+/Y0° S & ,a5) NOAA NESDIS STAR ;| (SSS)

&= Loosls 3l e 030 5 2l Buiul 0 9 05 Jad 90 50 5 bl &g 4 (YVA-Y-VF) Jlo il
ST ay Jad o lawgie g dwl Cawd 4 jlore Bl il g atals aieS caiion ¢ Sloj awgie g S

sl gaon lm (YoVA-Y2VF) o500 ol ;0 adgm allu SST S nKls 1038 5 o
(bl 0929 00l o Joku 5l (g ks jo a0l cde ay &l SSS Sl (. Kiloe a1 Lol 0l anlne

J}fw..n "M}-S*
< soyufjahromi@yahoo.com.au
Wl YT (oo (g S0l 5 )b sloosls 4y a>g5 1 SSS § SST (slolsale (slaools e .0l HlaiE 10

PGW (g0055 by g ol s 45 SSS 5 SST (souds yilid sngasos b wiads yild Sl b 5l e jo
008 asie Glas b,yo 0

(V1A= F) adlas 5,90 ol 5,5 Jad 10 OSTIA lolsale slaosls sles s 5l
YoVO Jlo a o Yo 2 oy aS6yeb @) el ools K6 ss PGW (go0gs a5 0y 5 cdnline
oA dga 3 VNP Jlo @ Cas YoV Jlo g egl S VE Joles ax 0 </VY sgu> ;0 PGW (oo
by 5o Wlgioe PGW (sos55 ool alls (59,8 3,9 Cooms & 5 43 Folar joglS A Jolaw a0
5505 cglac sy 3 PGW (go057 sligy 55 Jiiin ja o o5 51 Siogki§ Y0+ B+ alolb 5 plac
ol Gl S5 b g Jad j0 BV —03/B°E) ax,0 VIO § p,5 Juad ,o (OV-0F'E) ax,0

(ol 0oLl Gl Y VD jo i i o i)

(Q)D)



Ramak et al.

(.;'/JKM} J.o/)

sw).’ 44) Sy g I°)5 J-AS ) 44|)5)SST UJJ.».QS d)L.‘>| 9 w‘o»by \//\ C Sgd=> ‘(\‘\‘/ ? C 5\“&//\\/ C
YEIFAPSU B YF/-APSU 0505 10 0,5 Jad 10 (5,98 xSl .09 O/VFTC 35> (WYNYC 4 VAYYC

$0393e ;3 (5,90 pSils Sy Juad 0 a5 Syge H .l YIFPSU o] Sl sals &S col
odd ik oo L) (e Ol (uimed ol Y/ VPSU Ol poss gamels b YE/Opsu JI YF/0) psu
@ p,S Juad o T cplo)ls 41,3 (OUDE JIOAMDE) flee sbyd yé 40 0 pw Juad jo (YAID-Y'C
dgi ko a5 wyles co (59,0 (0A/0°E 3t 2lélie sla Job) les Lo Sl scond oo

Ll 0,5 Jad o les byo @

ol exba s aY 5 PGW so5g8 ity

’i] Ssdigo (3Nl plas (5Lyd s3deS 5 (53955 b lac]
5 S (g0 Jos usSan 53 Dyg0 4 o) s (ike 4 )Y
O 2)ly aim Legldl 5l 1eS (6508 b ol @S Jlod mlaws
3)ly 302 455 3l 50 b o)l s 5l (25 ol 1Y) 05 e
Slalllae ;5 1 51 G 58 295 Ol ol 0sdse los els
@ aS o)l mls Slgesy DANY] el ons 58 axsis
& God gl g &5l ze,p e wiklge PGW  Las
selme O (slaodgs b cploe 558 Jolo Sjglme jo plas sl
5 2l oo DS s ogildl 508 (590 b ol asile 5eS (5550 L
Gsld ol 50 a5 e 4 Coly 50 (s peSedir el e
TS s jsd 5 (e Ol adl aes) dalis o)l s
L] s oob el U3 50 4l wiz 5l ol (San oo 8
4 oS pgize, S Gl g S 0 o)l gl Olsesys
aieugldl 565 )50 b ol g 0gdise sl los byd S
Syl b ples by Jads ;0 aS(IOSW jlaiz] cadle L)
o oz Bl 09y0 @ e a5 Jled sad I 5 e

&b

el Olesg 3si goamslis ol alxil slas yuSejlail
e sl Solail [y
2 6885 Jlod Cond & ogad 4 Geyp G4S Sosgune
osladl 51 By Al el sgase Sl slacl (sosgaste S

N el Caeilys a4 o)l

S5 599,99 [V] 5o, 455 gz Ced &) by e las S
Slsesg JSa5 (SisSz omizmen 8yl 3929 55 [V) ) o] e
Joe b had g0 4 wim ugildl STL (T Jols 5 o)8 s
o 5 oo Blog IYY] el w3 515 )2 5,50 HYCOM
Gools 5l oolaiwl b woye by 9 ples by 9 )8zl
IVY] sl oad gy (Jlo YY) 1A951AYY 051 0 50l
5 A0, ey (YU o) JS0) calire gloraas 4 1) abe> ‘Lmdi
Ol a8 6y5imled o jloges by aax 10 (5,58 g Les Sloaline
Joged 5l glaigas d(mly) V ISS 0 g0d sy alsS (0 TS laged
GrS B asz) 1 oo)leds > VD o)l S axb I TS
03,51V Jsiz o o] sz a5 ams e olas |, (YL o) S K,

] 00

oY)

dodlo

a5 oghoe aiS ol 4 ol 00 wlid weldl ole o
(st bed Gl The by o)l Gy S SS ans )b
D sgtise plate SLBI slacl plo 5l 053 ggignl 5 oleard
ol il sk 5 se g SIS adlate 5l ol (See a5
ple oly oubillsn ole o Clon 09» pogie I wDle
asg ol 4y azg b ool slaosgs [V] ol oas it ugil 3l
(_ng;.:T 5 ol Cosgs olulis .aijle alise lapl (5 .8 IS
e e g oo Bm o] | oy s BaceS
Ol il gloosgs by g 52 iSemy ole o Y] wdl
aly olosg jl Gslite plss 5 wigd S 5 R0aSy b il e
Plsr st plal Ol ags g Ll ST [F] w5138 sl
il (Sosslsm olom Lol wilogo (Bl annly ol 555% 5 oo
;l?- 09 MLJ cde L g_ai 0053 6)5.w 9 Lo R RV [é]
o5 sheme oV US8) o) mls [F] aiis b ugildl o0 O
o U Bos diin g e YO lawgin Ges b g dundo (Gos
LIV g e Juate los sbpo 4 5ay0 (5455 Gy 51 45
St oy a5 )] Cgi Cooms 4 joyp 455 Jlods 5l oS >
I3 Ol sz dole Coms 50 blE 0 Faes 4z 50 5 g o0
[a] 5515 5925 6520 Vo v Bas juym (4S5 40 5, ol 5L IAL 5
by \AOC O 9 ULAAAAJL B Ylfoc G VYOC O uu)b c.J} g_j LgLob
PRI NE POV A1) IRCWIRRVCIN RS SN, e
i [V] ol YEI0PSU § YAPSU (i 5 4y bl 5 (lins
el Bble Joie )l @ls ol ey el
oo @l ol s g D] el ons 5155 £-¥ - /0psu
Sl oS @959 5 (18] Yem/year) )L
o9 BeseS 3o 5 (18] ¥em/year ) -cm/year ) alss,
Sps0 S8z 5 4eh ol ooy xS USE cage (ol s
Lo Saeluoly pi5 )z 45 0gd 0 crge Al ol opdle 4y [4]

Ol b aslie o

Lo o9 olml 5oyals hes Cwnd I yoh glacl g5



JOC. 12(48): 10-24, Winter 2022

’f”u‘b—u.o)‘ A AJLoJ Y al> :d.uwuuy'éj/

5 oSS lp o anpe o5 s 4 lojlsale glaosls
ot osliinl _cwgildl 55UsT Sldlae ;o Of Fos (sl
Wlg e sloylgale Slualie ol (Jls lsze 4 [YV-TF] el
oyl s onle b S s e o ol (=l (53,5
aallas j3 (glojlsale slaosls o,)l5 [YAl wis Ly 1, VAAR
&S Cwl zrhe saaz ple Glaie 4 Ol Gosg g ol (56Xl
Tl alox | ol ooy by slr b g sl 5l aniss

[va] cosl oas ooliul oyae

comii )b sbyo 4o ojlgale Clasliv 5l ol ol o0y Slvgas
Wlgd Julow 5l caalllas ol jo 4 el ool 48,5 )13 dalllas 0,90
g b by ol Lolss le 4o Glolsale Slanlie 4 by e
oolaiwl U" L ‘IQQJ)A 6[.9:&_9‘).7:)‘ 9 Lg)JJ.J):.:_lJ Lngw ‘S)LM:LM:
s Ly g los a5 ol plad o] mls Y] el sus
Sl Eriesz o ol @Vl pge o LS ke Gl 55
slosls 5l eslatul b oylgs oo |y oy s O Hlade g ol )b
GJLQAJLA-M} L U‘yLSA 6‘0)9}&[&1 UM L\ .d)jj Cewd & 6‘0)‘%&
woolawl b3yl g gols las Baa b ol eogy LS5 sblie
INT csloy o gossi 2bsy 5 @is heog Cuz lojlsale
3 e Gae 4 ol o0y LSS g o Saal adlas opl o
5 Jlad phl Jlod Gudbl ogildl s> s sl Jlo 4w
9 J..M..\L.: sk ‘5\-*-‘) u.aJLtbj.a)a Slaise o&Kiws S 2P
s 5 (0) L& I olaze oKws «(0-S (5,0a
boo lp Ll glaools 5l as ol aulxe oL8l e Slaise
!y NOAA NESDIS STAR (5,55 slaosls 3l g cbyo ol xbaw
5 SB Casb; p9d gl ojlgale gaShd 5 Lys gl 559
Sl 0030, solaiwl (SMOS [Laiz! cdle L) weildl (5,08
slely S8 a8 L Lo maw glex sailyg, sleos o)lgo 3JUT
odds plsil Ve oV yslos YV B YAAD 4y gl5 Y (sl Liwsl (slaosls
cloosls 3 ojls cols losls g coinS 5l a8 [YY] ol
ooy ool (Jlods Lulbl ogildl o (glod (o) Cz L
losls sl S opud Y] el says S anylie YooY
Ol w8l (98 ook yr 2 BB ok 4 Culy L
i b Aalie 55 1y gl s Blse 5 il IS
ol ©0555 (6,50 galllas jo aisy Sgun Sl st.:bjg] &ous
General Estuarine Transport (soss Jowo b w,l md>
T Glp Loyl gloools b Jow mbs 5 o Jow Modal
Litwgl sosls 3 Joo cpm (295 @ellay a5 ol anglae YooV o)le
oaalice YooV oyle YF 2,6 50 o)lb mds Ol oogs obo, jo

aS Col Oy g rb)f Jaaﬁ 99 4O u—| 0095 e r ‘Mﬁ)" L)"‘ Bu
ol o395 3924 Gblie olulis 4 (slojlsale oz 5l oolaul
byd )0 el Ol s0055 abgy 5 @) oy Caz )il

(Y

a0 — 0N
a2 ;_\L ‘Region 1 1205 | 1206 - |
FrUE R : 2 L e
Box T . ¥ 0 adil .
28N s N »@f’* b . i il ERERLER + 2N
Ao [® :‘,\3“*.‘0,:#‘, 2oy - 200m [ i
N A ﬁ:% P . ke
Box2 i R
LRI B = | 26
NI A7
5N RS .)J" — ,,!'/ 2 25
A R g
N T oo ; i 24
29N 2N
22N 4 22N
{4/
t004m
21N - 21N
: 1204 |
2y bl o - 4 N
& SE SE SE S6E  SE  GGE &) £ gE

I B

Temperalure

b sleesls 5l plee sbyd 5 oyl ds ads> (Gonpends VL) SO
Sy90 i nl 50 45 A o)leds axx [YY] (JLo Y1) 123814YY o) o
el 0als ooly lid (6 5nS B b conl a8 5 18 solazul
A ojleds a4y bgy o AlLILLTS loges (b
Fig. 1: above) The Persian Gulf and Oman Sea basin division from
historical data in the period 1923-1996 (73 years) [23] Box No. 9,

which has been used in this research. Bottom) Annual TS diagram for
box number 9
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Table 1: Temperature and salinity range of water masses Box 9 from
historical data in the period 1923-1996 (73 years) [23] based on TS
diagram Figure 1, below
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Table 4: Statistical changes in annual sea surface temperature the
period 2014 to 2019
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Table 5: Statistical changes in annual sea surface salinity the period
2014 to 2019
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Table 3: Number of days used to calculate warm and cold season
data fabrication
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Fig. 4: Average annual sea surface temperature (in °C) from OSTIA
data. Left) top to bottom: 2014-2016 (a to c), right) top to bottom:
2017-2019 (d to f) respectively.
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Table 7: Statistical changes of temperature (in psu) in warm and cold seasons in
the period 2014 to 2019
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Table 6: Statistical changes of temperature (in C°) in warm and cold
seasons in the period 2014 to 2019
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Fig. 7: Average sea surface temperature of the cold season (in °C)
from OSTIA data. Left) top to bottom: 2014-2016 (a to c), right) top to
bottom: 2017-2019 (d to f) respectively.
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Fig. 11: The results of temperature filtering of OSTIA satellite data in
the cold season according to the selected range of historical data in

the period 1923-1996 (73 years) [23]. Left) top to bottom: 2014-2016
(a to c), right) top to bottom: 2017-2019 (d to f) respectively.
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