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Abstract

Water surface temperature in open seas and lakes is known as one of the indicators for measuring
oceanographic and meteorological characteristics. In the present study, the data from the AVHRR
sensor (1989-2019) have been used to analyze the temporal and spatial changes in water surface
temperature of the Persian Gulf and Oman Sea. Average (monthly), seasonal, and annual temperatures
were obtained from daily data in ArcGIS 10.8 software. Then, the trend of water temperature changes
in the Persian Gulf and the Oman Sea compared to the Caspian Sea was investigated. The results of
the water surface temperature data analysis showed that the water temperature in the Persian Gulf and
the Oman Sea decreased in the northern part of the Persian Gulf in the spring, but in the summer, the
temperature decreased in the central part of the Caspian Sea. In autumn and winter, the temperature
drop is affected by the latitude. While the southern parts of the Caspian Sea, especially the southeast,
are the hottest areas, the Middle Caspian has a lower temperature than the rest of the regions. In the
spring season, the temperature decreased in the Middle Caspian, and an increase in temperature was
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observed towards the upper and lower latitudes. While in the autumn season, a decrease in the water
surface temperature was observed in the Persian Gulf and in the winter, in the Oman Sea. The monthly
temperature trends for the Persian Gulf and the Oman Sea are increasing for 12 months. In the Caspian
Sea, the trend of temperature changes in January and December was decreasing and increasing in the
rest of the months.

Keywords: Sea Surface Temperature, Trend, Caspian Sea, Persian Gulf and the Oman Sea.

Introduction

Water surface temperature in open seas and lakes is known as one of the indicators for measuring
oceanographic and meteorological features. Ocean-atmosphere interactions and water surface
temperatures can have severe effects on the global climate. For example, rising sea temperatures
increase the amount of water vapor in the oceans. This water vapor feeds climatic systems and causes
heavy snowfall and rain around the world. It is important to identify the amount and also the trend of
temperature changes in the open waters of the Persian Gulf and the Oman Sea and their effects on
Iran's climatic conditions. It causes a lot of damage to the coastal ecosystem, structures, shipping, and
fishing, which is very important. In the present study, due to the importance of temperature changes in
the Caspian Sea and Persian Gulf on temperature changes in coastal areas and the south of the country,
this temperature change trend is evaluated by using multi-temporal data of AVHRR sensor of the
NOAA satellite during the period 1989-2019. These changes are compared to the Caspian Sea, which
is located in the north of the country.

Materials and Methods

In this research, the average, seasonal, and annual temperatures were obtained from daily data in
ArcGIS 10.8 software. Then, the trends of the Persian Gulf and the Oman Sea were compared with the
Caspian Sea. The daily data of this study were obtained from the AVHRR sensor on a daily basis. The
data format is raster. The waters of the Caspian Sea, the Persian Gulf, and the Oman Sea were
extracted for 30 years.

Research Findings

According to the results of the temperature maps, the coldest season of the year is winter in the
Persian Gulf and the Oman Sea with an average temperature of 21.5 degrees, and the warmest season
is summer with an average temperature of 31.5 degrees. In terms of monthly temperature changes, the
Caspian region shows a decreasing trend in January and also the same trend is observed for the month
of December, but such a trend was not seen in the Persian Gulf and the Oman Sea. In other words, the
trends are quite increasing for 12 months.
Discussion of Results and Conclusion

Water surface temperature is one of the main variables known to create energy exchanges at sea
level. Since seas and oceans have a high heat capacity, they play an important role in the global
climate system. The results of this research show that the water surface temperature in the southern
water areas of Iran, i.e. the Persian Gulf and the Oman Sea, is increasing. In addition, considering the
seasonal average, just like the Caspian Sea, the temperatures show a completely increasing trend.
However, in terms of spatial changes, the winter season is not similar to other seasons. In other words,
the Caspian Sea does not follow the changes in latitude in winter and shows an opposite pattern, that
is, as the latitude increases, the temperature shows an increase. According to the results of this
research, it is suggested that in future studies, the process of changes in the water surface temperature
of the Mediterranean Sea and its role in the fall and winter rainfall in Iran be evaluated. The
comparison of the water surface temperature of the Persian Gulf and the Oman Sea with the Arabian
Sea and its effect on Iran's heavy rains is the other suggestion for future studies.
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Figure (1) The location of the case study
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Figure (2) Spatial changing of the Caspian Sea in compared to Persian Gulf and Oman
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Figure (3) The seasonal | trend of the Caspian Sea in compared to the Persian Gulf and Oman Sea
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Figure (4) The monthly trend of the Caspian Sea in compared to the Persian Gulf and Oman Sea
(1989-2019)
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Figure (5) The monthly trend of the Caspian Sea in compared to the Persian Gulf and Oman Sea
(1989-2019)
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Figure (6) The monthly trend of the Caspian Sea in compared to the Persian Gulf and Oman Sea
(1989-2019)

6.,\3‘5)J.:AL.~J ol Lol ¢l &‘ﬁ‘f‘ JJ)) slasolis 6JJJ>U)}5-%)JJ¢A|}JJJ¢;'S‘ le.éat.aﬁli‘}.,a})b
(V J&J)w‘ﬂ‘y‘&gjjbb&j)aumﬁjbﬁ;uwdb.)bjw)bc:.\}:\.,.G.’S'JJJJ‘J‘_;:..ALS



Ve Ol (v &Lﬁ,) ur;\gf o yleds “"“"}‘J" Ju G&L\éﬁ. ‘5}1)0\3}5

Vi

y316090316x +29/236 25
31/®? = 0/3335 ® 20 oo as® °
(L) (o 0.
30/5 ° o e o .0 *.ﬁ“#‘ o
300 @ o ® .. 15
29/5 .’.-”"“‘ “a. o y=0/0301x + 17/215
......... ° 10 R?=0/0288
29/0 | ® o © °
28/5 %@ ) >
28/0 0
0 10 20 30 40 0 10 20 30 40 50
Sl Gl 5 Olas b a5y gles L, sStele 5 s ansy sles L)
y28030234x + 26/778 20
2L0/2488
28/&° 70/ PRI .°° . st o
o o® | T. %..
27/5 ® 0o 0 o . MN ﬁ. “”
27/0 | oyt » o 00 o 10
ves .' ® o °
26/5 | &g
® 5
26/0 ° y = 0/0222x + 12/902
25/5 0 R? = 0/0667
0 10 20 30 40 0 10 20 30 40 50
el obe uobmds 5 Olas Slos ) sles L) solgobe 5 sl ay gl Ly,
26/0 y = 0/0164x + 23/738 14
R? = 0/0903
25/5 °* . / 12 °
25/0 ° o o
/ [} .. 10 "%-.~ ,..' ~
24/5 e® . e - . ° o ) o
24/0 0000, .2 0200 o °
e @eenee . % ¢/ = -0/014x + 9/9969
235 | % o ® Faan R? = 0/0355
23/0 | ® 4
22/5 |9 2
22/0 0
0 10 20 30 40 0 10 20 30 40 50

,..AL@auw)u@u,owdg);q”ém.u,)

els obe 55 (bos 4, sles Ly,

(\*l\*—"'\*) J}.‘; 6‘iJ° \f 4—.\%&0 J.) C)LQ.F LSL.’.)':" w,\é@,\& ZSUL« .\5‘3) Q‘nﬁ' (V) JS.\:

Figure (7) The monthly trend of the Caspian Sea in compared to the Persian Gulf and Oman Sea
(1989-2019)
sy AUl S5l 55iS les 53 555 ol A o 35 0T 5030l Ll sad 5 bl cal s 2 0
Ol SoalS Loy by op S 55 sl Jlad gla ise a8 55 S b SIS sl (Jl= cpl boesyls ol
33d s p2nge Jla ¥ b Ol glos JS Sl 5 20l (Rl bales Copor Caety oW1a 5 2
e ead ool 25 s B ol Dl fub s i S Ol gy 4 Ol o ool o gk 85310/



v O 5 (U 50 dorw 0 s b bt 5 Oles sbss O (slos Sl i Al

b 53 Las 05 5 il Dl Lal 6055 o sdalin o Qe pony Jlov o 0 53 e (61 585 S 5bas )
o S e ol gy 534S S Al basdeee b aglie 53 Sl i g Bk 4l Ol
el s, Wles H5 wile oa Jad Bl ol LI S sba alle il Oles (lys 5 el
A (2 D h Sl b 4k S Olts Juab G Dl ts K1l cnl e e 0L
as e 0L L Ll bes sbilam ooe (il b e e oS b shasOlis 5 S o S pm
S 83 sdimn (5l 4 15 ole Oliaa) b 53 4 ol ol a5 I B labe slos Sl a5 i
Olas los 5 pobmds agy 5o Ll sl o odis o suslis ole (gl Sl e Ll L2alS Wy, a0l

el ol el VY (el s, JolS | sboay 5 353 s ss

S 5 Lo

53 g e b Los eaw 53 (6551 DUsLs slmyl 53 45 ol Lol gl e 51 (S (SST) O e (sl
S e 5L Gler @Bl s 55 o8 age SRB il (b5 ol S b B b Sl 5 Ll s S sl
2 5 2Loos 5 e ot i 3L (Sals O it 5 g Sl 3 oS 35 0Ll L (B b
o b les Dl is Sl ol Bl Cnds S o A5 8 ams 3l Of By, sle
s lacl ol a8 (35 i s ol sl a bl el b i s Jle 51 010 528 Sl a5 sk
Khosravi et al., 2020; Beyraghdar ;i . Ol 53 O Card s o) » 313 o3l Of e glos o g
oS 8 e Jsl i e s 5 Ly sles S 5 Sl Sl s ol sl «(Kashkooli et al., 2019)
ol 4 Oy (Sl LS ) Sles (5bs3 5 ol o et s 53 3T sl Sk b 0T el casls]
ol 53 s Clsnl s (18A4=Y 1 4) JLw ¥r Sl 531 b NOAA &l 58l AVHRR St (slassls Cida
s gy 3 g 5 Olee (sbos b avslie 3 3 sbys O e (slos IS Sl i e (81 G
5l B JlS b Ul a5l Olee sl 5 poligds s L3S iy o gy 53 o eslial a2
Olny Jnad SLSe Dl s L5l (s ol b sdas o QLIS 1) ol 3l iy babes 50 ile on Luad L
I L o 8 oS A a0 S S A 5 St e Ry S
.(Shirvani et al., 2015; Noori etal., 2019) das_» 0L 15 (2158l Ly SLsl s 5 0

it 8 s (Sl a5 e Olin) b 53 48 ol ol Sl 155 wlale sles Sl i il
5 g gy s A i Ll 655 e edis oa el ole 51 o e el IS g5 5aias0lid
ol il ol VY (gl s, 5 i edss Olas (sl

sy Al 515528l 53 53 ol A o 35 OF 50as 0L sl a5 Wl cpl g 2 8
Olyae a8 L5 Loy o 2aS 55 sbos Jlad o iz oS 550 e Wb S bl oJl= ol boeasls ol

330 ey o390 Sl ¥ b Ol i) los S ke 5 3)ls ol bales Cogr Conts oLl i 5,0



VENY Dl 8V l) cpslex osled oma3len Jlu ol syl YA

el 53 s B S e gleds g Il fead o Se S Olpeay 4 Ol fuad ool o gk 255 V071
QMUJ@JJ Los O3 g il 3 s Ll €3 95 o0 aﬂmﬁom;@ﬁdut}@wpﬁ Sl Sl e
Bt IS gy ol g 5 48 S WL [ s b aglie 3 el iy Jgead Ay 4 S
gl bsdas o OLG | Aol 3l gg, Lales o) 3> J\;.':LAVJ& JL,@JE;\) ool il 581 alle b3l les gbos
IS S 2l rr e Dl i Sl dpad ik WS Ol b S Ol s Bl -
Oliies sl ol a8 das o OLES 1y Il Lo ol (50 (Rl L omy tead oS Al Saasoli
Bahmanzadegan et al., 2012; Beyraghdar Kashkooli Y44 ol,lSan 5 SIS Ol S) sl s o Ll 50

etal., 2019, p136; Ghasemifar et al., 2020)

o 835 e (gl a4 gil5 ele Ol Jad j3 aS il ol 4 S &S0 wlale glos Ol s s

Olas gLy w)l.é@.lp'- L o bl s gh eedss o2 sl ol (sl I en ol 2alS Wy, sas ol
ety Giow ml Sl edalimmse b e a5 Lol L2153 0le VY (gl Ladis, 5 LS e Al
Sla il OF i 5 almde Gbss Ol arss sles SliS La) (s 4 5505 Slatash 53 & 55 0
U s e sliss L 0les (shs 5 ool Sy slos dlie e 5 a5 0Ll Ol 5 sl

pbe

Ol b DLl b 5SS ol it (OFAY) desms (oo

JER I b et SST o (slios Sl i (s (ITAL) DL 5 ool o313
(sl 058 5 psle Jles neld Yr e )44 ladle s ol bl (slpa 0]

(o= o3 03 Gleoleale 5 Sl gleesls I ol mbaw gles dulin (VYAV) O, Kan 5 0,05 cosl3JUs
N 0 6led b (Ll ax gla tass

53 G L Ly mally e BLS 5 O o gl 3550 2Ll (Y40) OSs 5 5t 5 2
AT =VEY Y e 00 5553 ¢ alsd 0y 5 pske Homa ¢ go ddomin Sl eslizul b sl

S eslial b eyl Jlas £ 53 ples Ol i iy 5 (o (V800) LS 5 ados plie 53
AV=Y e by Sl = OA Syl Yo B 0Bl i (sla sl

e Pl Ol w3l 3T Shlasl s 5l G Sle (O (g« ooy 5 3L daw ¢ abli

(g e 53 s e 53 bes L85 &g 53 AVHRR St 5las 3 )08 (1740« dbs ¢ o S
e S 5 o (Ll wlid )8 LLOLL

T O e ol o sl Sl L5, 0T40) OLIes 5 pledl Oy S
XY 555 bl ST ol&ils (Solo 55 Lo Liolas



va O 5 (U 50 dorw 0 s b bt 5 Oles sbss O (slos Sl i Al

cJ.@.JJJ&- ﬁgitiﬁ r‘y\.&) C))L?J cwgw w‘f,\swﬂ)b "’f”)fﬁ J}«a—é)b (_)LQ.C‘ 6@)5) u«e)b@b-
https://civilica.com/doc/1140288

;J}J Lﬁ_b JJJ LSLAW)) ;JT cb_.d LSLAJ slale ﬂslia A:)J\ﬁ.)\.«.l.) Q‘jx}d PN c(\VQ/\) Q\)&.@.ﬁ 9 )Lf.ﬁ A&bls
&L:_é‘;&?— r}_l.c ZML’ QQ‘J_Q_? c(.}iv\_x.? 9 6)@)[_.& LLAJ\—»"L\“i a(..:_lé‘ ﬁﬁ"'? dkm‘w ﬂw c\‘\/\Y—Y'\V
v.h.“apa &:J‘J.L?LN &wwﬁxﬂwé)&ub&))‘? o isls

f_j.) E)l;: 4&[.&9 Q\)L::J LQ|J€J 4LAJJ.A E) LQJ).J;S w)lﬁ@l?- (\Y‘/\/\) ).5].‘3. m.}b' LSJ.@.'ZDLA
References

Aajam, M. (2004). The Persian Gulf is a name older than history. Tehran: Part PublicationFazelpoor,
K., Dadollahi, A., Heeva Elmizadeh, S., Mohammad Asgari, H., & Khazaei, S. H. (2016). The
evaluation of sea surface temperature and the relationship between SST and depth in the Persian Gulf
by MODIS. Journal of Marine Sciences and Techniques, 15.(Y)

Bahmanzadegan, A. R., Lari K., Fatemi M. R., & Azarsina, F. (2012). The Pattern Determination of Sea
Surface temperature distribution and chlorophyll a in the southern Caspian Sea using some model.
Iranian Journal of Fisheries Sciences, 12(1), 105-114.

Beyraghdar Kashkooli, O., Ghadami, M., Amini, M., & Modarres, R. (2019). Spatiotemporal variation
of the southern Caspian Sea surface temperature during 1982-2016. Journal of Marine Systems, 193,
126-136,

Fatemi, S. B., & Rezaei, Y. (2012). Principles of remote sensing. Third Edition. Tehran: Azadeh
Publishing House.

Ghasemifar, E., Farajzadeh, M., Mohammadi, C., & Alipoor, E. (2020). Long-term change of surface
temperature in water bodies around Iran — Caspian Sea, Gulf of Oman, and Persian Gulf using 2001—
2015 MODIS data. Journal of Physical Geography, 41, 1, 21-35.

Ginzburg, A. L., Andrey, G., Kostianoy A., & Sheremet N. A. (2005). Sea surface temperature
variability. The Handbook of Environmental Chemistry, I, 59-81.

Hasanzadeh, E., Bidokhti, A. A., & Molaesmailpoor, S. (2005). Investigating changes in SST surface
temperature of Persian Gulf waters and its effect on the weather of coastal areas in 1996-2000. The 6th
Marine Science and Technology Conference. (n.p).

IPCC (Intergovernmental Panel on Climate Change). (2013). Climate Change 2013: The physical
science basis. Cambridge, United Kingdom: Cambridge University Press .

-Jalalzadeh, Z., Torabei, M., & Dalaki, A. (2008). Comparison of surface temperature obtained from
field and satellite data in South Caspian. Natural Geography Research, 65.

Karemi, M. (2011). The application of AVHRR sensor images in the preparation of sea surface
temperature maps in the Persian Gulf region. MA Thesis, Tarbiat Modares University .

Karimian, E., Argmand, B., & Hassanlo, M. (2017). Evaluation of water surface temperature changes in
the Persian Gulf in order to identify the temperature pattern. 23rd National Geomatics Conference.
Islamic Azad University.

Karmian, S., Biraghdar, O., Karimian, M., & Ghodomi, M. (2020). Long-term and comparative
assessment of the intensity of water surface temperature changes in the Persian Gulf and the Sea of
Oman in hot and cold seasons. The Second National Conference on Industry, Commerce and Marine
Sciences. Khorramshahr .

Kazemi, P., Gholamalifard, M., & Mordai, M. (2019). Investigation of long-term changes in the
monthly values of the surface water temperature of the Caspian Sea during the period of 1982-2017.
International Conference on Climate Change, Consequences, Adaptation and Adjustment. Tehran,
Faculty of Geographical Sciences, Khorazmi University. https://civilica.com/doc/1019765.

Khosravi, Y., Bahri, A., & Tavakoli, A. (2020). Investigation of Sea Surface Temperature (SST) and its
spatial changes in Gulf of Oman for the period of 2003 to 2015. Journal of the Earth and Space Physics,
45(4), 165-179. DOI:10.22059/jesphys.2019.252382.1006976.



Ve Ol (v &Lﬁr) ‘(JL@? o yleds grb.\}b: Ju gu.:l.\é:' tﬁJ'iJ"‘UJi A

Mojtahedzadeh, P. (2009). The Persian Gulf, Countries and Boundaries. Tehran: Atai publication.
Noori, R., Tian, F., Berndtsson, R., Abbasi, M. R., Naseh, M. V., Modabberi, A., Soltani, A., & Klgve,
B. (2019). Recent and future trends in sea surface temperature across the Persian Gulf and Gulf of
Oman. PLoS One, 28, 14(2), e0212790. Doi: 10.1371/journal.pone.0212790. PMID: 30817766;
PMCID: PMC6394925.

Pratchett, M. S., Wilson, S. K., Berumen, M. L., & McCormick, M. I. (2004). Sub lethal effects of coral
bleaching on an obligate coral feeding butterfly fish. Coral Reefs, 23, 352-356.

-Shaltour, M. (2019). Recent sea surface temperature trends and future scenarios for the Red Sea.
Oceanologia, 61(4), 484-504.

Shirvani, A., Nazemosadat, S. M. J. & Kahya, E. (2015). Analyses of the Persian Gulf sea surface
temperature: prediction and detection of climate change signals. Arabian Journal of Geosciences, 8,
2121-2130. Doi: https://doi.org/10.1007/s12517-014-1278-1

Williams, G., Sapoznik, M., Ocampo-Reinaldo, M., Solis, M., Narvarte, M., Gonzélez, R., ... &
Gagliardini, D. (2010). Comparison of AVHRR and SeaWiFS imagery with fishing activity and in situ
data in San Matias Gulf, Argentina. International Journal of Remote Sensing, 31(17-18), 4531-4542.





