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Article Info ABSTRACT

Article type: Based on the conducted studies, the continuous water level decreasing in
Full Length Research Paper  the Caspian Sea is not far from expected due to global warming in the next
century. Due to the Gorgan Bay (GB) situation in the shallow part of the
continental shelf, it faces drought caused by the water level decreasing of the
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Received: 02.16.2024 Caspian Sea and the increase in salinity. In this investigation, it has been
Revised: 03.25.2024 tried to estimate the salinity and geometric transformations of the GB affected
Accepted: 04.20.2024 by the optimistic, interstitial and pessimistic scenarios of water level decreasing

in the Caspian Sea applying mathematical and geometrical modeling. In the
modeling, it is considered that the continuous connection between the bay and

Keywords: the sea is maintained only through the Ashurade channel. The estimated
Caspian Sea, features including of area, volume, perimeter, max depth, mean depth, drought
Climate changes, rate, salinity of the bay, the amount of salt received on the beaches, and the
g?;”gf}séa time required to the bay drying in all scenarios. Resulting of this study
Sali?ﬂty, Y represented that the GB under influence of the optimistic scenario by water

level decreasing of 6.7 cm/year until 2063 and with mean salinity of 166.4
gr/lit, and the interstitial scenario by water level decreasing of 17.5 cm/year
until 2037 with mean salinity of 49.3 gr/lit, and the pessimistic scenario by
water level decreasing of 25 cm/year until 2033 with mean salinity of 28 gr/lit
will end its life. In the optimistic scenario, the salinity level in the GB will
increase drastically. Although, in the pessimistic scenario, the GB has
experienced drought earlier, nevertheless, the salt content received by the
beaches (less than 2.6 million tons) in this scenario is less than other. In the
optimistic scenario, the maximum amount of salt remained on the beaches
was estimated to be more than 4 million tons. It is suggested that an urgent
action to creating water exchange channels or pumping methods in the GB
with the aim of reducing salinity and investigating on compatibility program
in sync with fluctuations of the Caspian Sea in the GB be done.
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Table 1. Examining of hydroclimatologic models used on the Caspian Sea and its watershed in various scenarios.

CSL Trend MSL (Baltic Sea) (meter) Methods Researcher
-
Sl s g, s oS 6L 515 P R
sle S Siash 3
Lo S5 (o) SAL b«
. 2005=-27.2 t0 -27.3, 3 AOGCMs Erlich et aI., (2002)
Decreasing 2015=-27.6 to -28, (7 scenarios) A \
2030=-28.4 t0 -28.9
By the end of the 21st century, the
. ensemble average of the model-based 7 AOGCMs Elquini and Giorai. (2006)(\4
Decreasing estimates suggests a 9 meter drop in the (A2, A1B) g 9. ( O 2
CSL for both scenarios analyzed.
Elguini and Giorgi, (2007)
Decreasing 2070 t0 2100 — Max -5m 3 RCMs (A2) (v 3
One AOGCM Renssen et al., (2007)
Decreasing 2000 to 2100=-4.5m (ECBIlt-CLIO- ) 4
VECODE, A1B)
Arpe and Leroy, (2007)

Increasing 2000 to 2100= Mean Scenarios +2m ECHAMS5, A1B " 5
Fluctuations 20002100 — Theriseand fallof 7 CMIP3 AOGCMs Meleshko et al., (2008) 6
the CSL in the range of +5 meters. (A2) (Yv)

Decreasing and 2025 (-62cm), 2050(+317cm), (UKHADGEM, Roshan et al., (2012) ;
then Increasing 2075 (+86¢cm) and 2100 (+163cm) 5 Scenarios) (Y¢)
Varlaan et al., (2014)
. _ 7 GCMs (A1B),
Decreasing 2010 to 2050 = -3m CMIP3 o) 8
2010 to 2100=+ 25 to +99cm (RCP4.5) 3 AOGCMs Saberi Louyeh et al., (2019)
Increasing (RCP4.5, RCP8.5), " 9
& +26 t0 +128cm (RCP8.5) CMIPS A
Decreasin 2020 to 2100= -9 m (RCP4.5) CESM1.2.2 Nandidni et al., (2019) 10
9 to ~18 m (RCP8.5) (RCP4.5, RCP8.5) (V)
Decreasing and One AOGCM Hoseini and Soltanpur, (2020)
then Increasing 2015 (-28) to 2050 (-26) (CanESMS, 7ssp) (YA) 1
Decreasin RCPA4.5: 2030 (min -29.23), (max -31.84) ccsM Ivkina and Galayeva, (2020) 1
9 RCP8.5:2050 (min -29.63), (max -33.67)  (RCP4.5 , RCP8.5) Q)
By 2100, up to 8 m (RCP4.5) and 10 m AOGCMs
' . ’ 11 Model i
Decreasin (RCP8.5) decrease in CS level and up to RECP4 ;dg é) Koriche et al., (2021) 13
9 20 m (SSP245) and 30 m (SSP585) 2 M. d I. ' )
scenario models is found using models. (7 Models,
ssp245 , 585)
CSL drop -30 m and Then, .
Decreasin with the complete disappearance CMIP5 Tatarinkov and Ocherenty, (2021) 1
9 of the Qara Boghaz Gol Bay, (RCP 2.6,4.5, 8.5) )
the balance will be reached.
SSP2-4.5 remaining at_current levels INM-CM4-8, .
) by 2050 and decreasing by 2100. MIROC-ES2L. Eeslami and Ghanghermeh (2022)
Decreasing SSP8-8.5 CSL will remain stable from MPI-ESM1-2-LR. ) 15

the beginning to 2050, but from this year
on, its decline will begin.

SSP2-4.5, SSP5-8.5
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Figure 1. The Gorgan Bay location in the south-western of the Caspian Sea.
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Figure 2. The Gorgan Bay Hydrographic map in 2021 at the level of 27.77 meters.
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Table 2. The Geometric features of the Gorgan Bay in 2021.

(km?) c>Low (km) Ls (km?) (o (M) ains S, m) Sl b3
Area (km?) Perimeter (km) Volume (km3) Max Depth (m) Mean Depth (m)
323.22 97.46 0.46 2.79 1.43
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Figure 3. The Gorgan Bay Hydrographic map in the optimistic scenario in 2040.
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Table 3. The Gorgan Bay Geometric features in the optimistic scenario.
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Mean Se_a Level Dryness rate Mean Depth  Max Depth ~ Volume  Perimeter Area
of Caspian Sea compared to the m) m) (km?) (km) (km?) Year
(m) base year (km?)
28.31 31.15 1.07 2.26 0.31 82.08 292.07 1408
28.84 96.66 0.75 1.72 0.17 73.92 226.56 1416
29.378 181.1 0.5 1.18 0.07 59.72 142.12 1424
29.914 260.7 0.24 0.65 0.015 43.19 62.52 1432
30.45 319.88 0.03 0.11 0.0001 8.47 3.34 1440
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Figure 4. The Gorgan Bay Hydrographic map in the intermediate scenario in 2030.
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Table 4. The Gorgan Bay Geometric features in the intermediate scenario.
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Mean _Sea Level of Dryness Mean Depth  Max Depth  VVolume  Perimeter ~ Area Year
Caspian Sea (m) (km?) (m) (m) (km?) (km) (km?)
28.645 75.32 0.85 1.92 0.21 75.7 247.9 1405
29.52 206.02 0.42 1.04 0.05 51.9 117.2 1410
30.395 318.82 0.07 0.17 0.0003 8.5 4.4 1415
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Figure 5. The Gorgan Bay Hydrographic map in the pessimistic scenario in 2028.
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Table 5. The Gorgan Bay Geometric features in the pessimistic scenario.
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s (km?) (m) (m) (km®)  (m)  (m?)
28.27 29.55 1.09 2.29 0.32 83.10 293.67 1402
29.02 121.13 0.63 1.54 0.13 73.19 202.09 1405
29.77 238.09 0.29 0.79 0.02 48.56 85.13 1408
20.52 323.12 0.02 0.04 0.000002 1 0.1 1411
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Table 6. The salinity in the coasts and the Gorgan Bay in the optimistic scenario.

s J e 3 s lilelra (6558 Ol o s o Sas Ol e i o coles w
(Ton) (gr/lit) (km?) (km?) (km?)

The amount of salinity remaining Bay Sa_linity Dryness Volume Area Year
on the Bay coasts (Ton) (grAit) (km?) (km?) (km?)

1397 29.05 0.66 0.43 322.16 1401

46403 105.2 6.08 0.27 279.94 1410

68430 164.5 5.44 0.11 194.03 1420

131911 183.9 9.09 0.025 83.8 1430

29499 168.85 2.16 0.0001 3.34 1440

VoY



Ol 9 (3 sy | e G5 gl (5 )90 9 (owid 0] (o)

(kM?) Cobue o)l 70 3o 8 e s @I/ITE) 5505 o)l pe ool conie

200 83564310, 1752 1816 183 A TSS9 8L 1g 4 350
180 - 297 o s 1711
274, 159.4 '4-0‘ ¢ ' w : - 300
160 2588 1499
140 250
120 200
100
30 150
60 - 100
40
50
20
0 T T T T T T T T 0
1395 1400 1405 1410 1415 1420 1425 1430 1435 1440 1445

il b g gl 53 OB 8 s Comlns Sl b a3 OB 8 i ()58 Dl ks e -1 IS
Figure 6. The salinity changes curve in the Gorgan Bay compared to the Gorgan Bay area changes in the
optimistic scenario.
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Table 7. The salinity in the coasts and the Gorgan in the intermediate scenario.
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The amount of salinity remaining Bay Salinity Dryness Volume Area Year
on the Bay coasts (Ton) (gr/lit) (km?) (km3) (km?)

56868 30.5 12 0.35 296.09 1402

244460 51.15 26.9 0.17 221 1406

282833 58.1 25.1 0.05 117.2 1410

209792 495 19.8 0.002 20.8 1414
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Figure 7. The salinity changes curve in the Gorgan Bay compared to the Gorgan Bay area changes in the
intermediate scenario.
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Figure 8. The salinity amount curve received by the coasts compared to the Gorgan Bay drying land in the
intermediate scenario.
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Table 8. The salinity in the coasts and the amount of salinity in the Gorgan Bay in the pessimistic scenario.

C:L}-J}-\y):o.)ubb-md))&ulﬁp @l}d)}.}r ‘jil_;éa;?dl,;ﬂ @1;-(.» C:L’-&:A}LM J
(Ton) (@r/lit) (km?) (km®) (km?)
The amount of salinity remaining Bay Salinity Dryness Volume Area Year
on the Bay coasts (Ton) (gr/lit) (km?) (km?) (km?)
134356 29.6 20.75 0.32 293.7 1402
331353 38 34.6 0.13 203 1405
366129 37.6 354 0.02 85.2 1408
112334 28 13.8 0.00002 0.1 1411
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Figure 9. The curve of salinity changes in the bay compared to the Gorgan Bay area changes in the
pessimistic scenario.
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Figure 10. The salinity amount curve received by the coasts compared to the Gorgan Bay drying land in the
pessimistic scenario.
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