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The study is intended to provide a
detail research of the Caspian sea
level spectrum formation.



48

46

42+

40

36

Data and Methods

Tide gauge data
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hourly records
12 stations

up to 34 years

Princeton Ocean Model (POM)

Regular grid with step Ax=1" (based on GEBCO 30”)
Forcing:

FT:-(]' + k - h)V.(_l
Q is tidal potential, k=0.3 and h=0.61 - Love numbers

(Tbx’Tby) = (CBub ‘Ub"CBVb ‘Db‘)’

where U, = (u,,v,) is bottom velocity

C, =0.0025
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Data and Methods

Tide gauge data

L 48

hourly records
12 stations

up to 34 years

36
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Princeton Ocean Model (POM)

Meteoforcing:

The air pressure and surface wind fields from
NCEP/CFSR (1979-2010),
At=1 h, Ax = ~ 0.313° (wind), 0.5° (pres)

Wind stress
(Tx’Ty) = PaCp ‘Dw ‘(UW M )'

where U,, is wind velocity (m-s™), p, =1.3kg-m?
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Historical review
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The main features of the Caspian sea level variations

Mean sea level changes Storm surges in the North Caspian
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1952 storm surge in the North Caspian

o Ky nan.

Gorneos u 0p., 2007
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The wide Caspian sea level spectrum
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Seasonal sea level variations

Main factors:

Seasonal variations of the water balance
components

The major factor in the Caspian Sea is river
runoff (Volga, May-June)

Precipitations (October-January) and
evaporation (July-November)
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Seasonal sea level variations

Features: 5

Mean range up to 23 cm =

In 1959 range was up to 71 cm (0. TroneHui) :

The displacement of the coast in in the North .

Caspian is 1-3 km (ckpunrynos u Fopenuy, 2001). T T v v v v x ox xa
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Seasonal sea level variations

Features: 5

Mean range up to 23 cm =

In 1959 range was up to 71 cm (0. TroneHui) :
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Seasonal sea level variations
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Seasonal sea level variations
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Features: 0

Mean range up to 18 cm
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Seasonal sea level variations
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CnekTpanbHas nnoTHOCTb, CM*-CyT

Tides in the Caspian Sea
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Tides are the sharp spectral peaks

Seishes (eigen modes) are wide peaks
in continuous spectrum
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E Tides in the Caspian Sea

(a)

Maxaukana

The main semidiurnal harmonics (N2, M2,
S2 n K2) exceed noise level

The amplitude of S1 radiational tide is
higher than gravitational tides (01, P1, K1)

10° (6) M,
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Pl K N, The O1 harmonic is absent on the sea level
spectrum in the South Caspian, and the K1
n P1 peaks are relatively equal
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Tides in the Caspian Sea

Diurnal tides at Fort-Shevchenko and ) Radiational
Krasnovosk in winter are absent tides!
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CneKTpaanaﬂ NNOTHOCTb, CMZ'CyT

Tides in the North Caspian
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In the North Caspian only
radiational tides are observed,
and gravitational tides are
absent!!

S



Tides in the Caspian Sea
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Amplitude (cm) Amplitude (cm)
01 02 03 04 05 06 07 08 09 0 05 1 15 2 25 3 35 4 45 5 55 6

The amplitude of the tidal harmonics

up to 5.5 cm in south-eastern sea part

the amplitude of radiational tide is 2
cm in south-eastern sea part




T Tides 8

Form factor

Range (cm)
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The amplitude of the tidal harmonics

is up to 5.5 cm in the south-eastern
part of the sea

the amplitude of radiational tide is 2
cm in the south-eastern part of the sea




The contribution to the mesoscale sea level variance of

the Caspian Sea

The tidal range is up to 24 cm

The contribution to the mesoscale
sea level variance is 25-30%




Tidal currents

Major semiaxis = tidal velocity

INCLINATION
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Numerical modelling with different mean sea level




Numerical modelling with different mean sea level

The variations of the amplitude and phase of the M, harmonic
depending on mean sea level changes
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J Seiches in the Caspian Sea
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Validation of the numerical model
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Spectrum of the natural sea level variations of the Caspian Sea
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Numerical modelling with different mean sea level
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The Caspian Sea without the North Caspian

Experiment 1 Experiment 2 Experiment 3
Main grid (depths = 2m) In the North Caspian depths 2 4m In the North Caspian depths 2 4m
In the Middle and South Caspian = 2m and cut the Ural Furrow
46 48 50 52 54 46 48 50 52 54 46 48 50 52 54
4gt ! L . L 48 481t ! L . L 48 481t ! L . L
40+ 40 40+ 40 404
36 36 36 36 36




10*

Station 4 . Station 8

38
36

|16
Faq
.
t-a0

54
1
T
54

52
I
T
52

50
1
T

50

48
1
T

48

o | )
t t

T T T T T T
+ « © o< o o @ ©Q
4m + wall 2 < =+ F ) o

The modification of the sea level
spectrum in the period band from 10
to 40 hours

10° 10'
YacToTa, umknicyT

"7 Station 13

The increase of Q-factor of the eigen
modes in the Middle and South

4m + wall

10° 10' 10" 10° 10’
YacroTa, umkn/cyt YacToTa, umMkn/cyT

Caspian



The main conclusions

. The mean sea level variations of the Caspian Sea affect on the sea level spectrum in a wide

frequency band and on the features of individual short-period components.

. Seasonal variations can significantly affect mean sea level and the short-period processes,

such as storm surges and tides.

. Tides are the important factor in the dynamics of the waters of the closed Caspian Sea.

Radiational tides in the Caspian Sea have an average amplitude of 2.5 cm and are the main
component of the Caspian sea level variability with a daily periodicity.
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CNACHUBO!

Do you have any questions?
medvedev(@ocean.ru
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- Tafiauua 4.2, MHorave m e cpegie MecauHble SHAUeH WA Yposia KacnulicKoro Mopa i uxX OmKAOHEHUA OM CPegHETOGOBBIX
" 1
seaunun [Kacnuiickoe mope, 1986]

”:_?;;ﬁg' Humaps, | @empaas | Mapm | Anpeas | Mai Hions | Hioas | Asryem | Cenmaps | Oxmatos| Hoatps | Aexkatps | Tog
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i B - 11 -11 -10 -1 14 21 17 7 -1 -4 -6 0
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- - -3 -6 -7 -4 -4 14 20 14 2 -F -11 =13 0
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-10 -10 -10 =3 3 14 18 13 A4 -4 -F -10 0
1970 1977 -?B_.'.F'E 2870 | -2868 | 2862 | -28.54 | -28.49 | 2848 | -28.53 -28.64 -'28_.'!'2 -?B.'_.F'f -'28.:!'! -28.64
-t -6 -4 2 10 15 16 11 ] -t -13 -13 0
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) ) -12 -11 -7 0 i} 16 14 9 2 =3 - -4 0
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-10 -10 0 -6 3 14 20 15 [ -3 -6 -8 0

Tatauua 4.3, Bhympurogosoe pampegeieiile KoAUY ecmBd mMochepHb 0caghos, BhING g iy K NOBepXH 0Cmb
Kacnulickoro mops [Kacnuiickoe mope, 1986[°
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wmios) 6 | % w6 |t | v | v [ S % e ] e | e | T
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T o gqanims b A, 3aikosa [1946)
Jlebedes u KocmsiHou, 2005
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- E Tafauya 4.4, Buympurogosoe pacnpegesckie cmora Boaru no gaxd ke rugponocma Bepxyee Aetawse 5 1900 1982 rr.

[Kacnuiickoe mope, 1986]'.

”g;;ﬂr’ Hurape | @espaas | Mapm | Anpeas | Mai Hionn Fhoar | Asryem | Cenmadps | Oxmaips| Hoagps |Aexadps | Tog
900- 1920 LB 6.8 i6 149 | 498 | 658 | 320 | 158 131 132 134 104 | 2506
3 3 3 ] 20 26 13 ] 5 5 je] 1 1 00
1970-1941 | 8:3 63 | &7 | 128 [ 43 | 503 | 233 | 120 87 94 | 12 | 84 [ 2005
T K 4 4 6 22 25 12 £ | a 6 1 1 00
042 1050|102 | 14 | 136 | 184 | 515 | 500 | 224 | 147 127 134 | 1385 | 93 | 2412
) e 4 o ] a 21 21 a 6 a 6 6 1 100
1970-1077 | 138 133 159 160 4325 | 281 15.0 1332 Nz 120 123 143 | 2076
7 3 (i a 20 14 f ] b b B 7 1 00
1978-10g2 | 123 18.1 233 188 [ 450 | 345 187 179 16.6 174 188 199 | 2743
7 7 9 ] 17 14 f 7 ] ] f 7 100
9.7 9.6 11.3 16.1 48.9 33.2 25.1 14.8 12.4 13.0 134 10.7 258.2
1800-1962 4 4 5 7 21 22 11 6 5 5 6 4 100

Tadauuya 4.5 Baympurogoeoe pacnpegeieiie BeAliuHe tcnapenus © nopepxioanu Kacnuiiacoro mopa
[Kamuiickoe mope, 1986]

”g;;f:q Hnrapy, | @espas | Mapr | Anpeas | Mai Hions | Fhoas | Amyem | Cenmatps| Oxmatps| Hostps | AekaGp. | Fog
1042-1060 | 40 43 38 16 2L 86 R 140 123 | 28 66 | 963
4.2 4.7 3.9 4.1 5.4 8.9 10.0 132 15.2 128 10,2 6.9 100
197 0-1977 Lq E i lﬂ lj' LQ 103 E I_':ﬂ 120 .ﬂ .& 1037
7.6 6.3 ] 4.4 5.2 7.6 9.9 13.2 14.5 11.6 7.9 7.9 100
orpropz| 82| 3 [E A A s [ dm s |6 |9k
70 2.1 2.6 4.3 5.0 7.3 8.0 14.0 16.0 13.2 9.5 6.4 100
lag2-1062 | 22 52 38 46 oL 8 98 131 148 124 23 39 99
2.2 2.2 3.8 4.6 J.1 8.0 9.8 13.1 14.8 12,4 9.3 79 100

1 5
— Hpcaumear — cmok 5 KM, 3naMmenamens — B NPORERMOE Om CPReqRenoqoRrag CImoKa

2
— Hucaumear - MM CAGR, ZHOMEHOMEAL - B npaoye mex

Jlebedes u KocmsiHou, 2005
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10.3.3, Mpraneswe oacianas ypoans

Tepeue Hecnegopanua npoeelens H. B, Mane-
HoBcKHM [263] mo matepranaM waGawaesndi sa ypos-
neM mops B Bawky, Maxaukane w Kpackosoacke sa
30 cyr, OfSpatorka mapeorpadHuy aanuced 3THX ypo-
BEHHHX NOCTOR METOEOM TAPMOHHYECKOTD aHAaH3a
NoKasana, Yo XapaKkTep NPHAHEHHX BOJH Besge mo-
AYCYTOUREA HESHAYHTEABHOH BENHIHHBE,

A. H. Kocapes u B. ®, Luranos [226] ua ocHo-
BAHHH CHEKTPANBHOrG AHANHAA YPOBHA BHAENHAH CO-
CTABNANIIYID NONYCYTOYHOTD NPHAHEA © MEpHOLOM,
Ganskam K 124 4, v o. Orypussckoro., Konebanus
YPOBHA B STOM pafdoHe He npeswwatmrt 12 cm, a Ha
Hedranux Kamnax —2 em.

Haufionee NMoNHO NMPHAHBHBIE KoaeGaHHA YPOBHA
g Kacneu nccremopanm A H. Cromguenko [384].
Hy pHUHCIEHN XEPAKTEDHOTHEH NPHAHBA METOAOM
rapMoHHyeckors aHaanaa (radn, 10.13),

Ha meex ypoReHHEX NMOCTEX OPHAHE HMEET MOJY-
CYTOYHEIR KM HeNpaBHALHEIA NOJYCYTOYHBN Xapak-
tep. HenpaeuAbHOCTH MOrYT BOIHHEATE NOA AJIHA-
MHeM GpH23a HA TIPOABAAMWLYIOCH CYTOYHYID COCTAR-
AARWYW, XoTa aBTop [384] cunraer, uto 3T0 Tpelyer
AONOMHHTEIBHEY 10KA38TEABCTE.

B peayabTaTe rapMoHHueCKors AHAAH3IA NOKA3AHO
CYLECTBOBAHKE TIPHANBOE MOAYCYTOYHOrD H Pexe cy-
TOYHOrD XapakTepd, T. & dauume A. H. CnEpuerxo
NMOYTH NOIHOCTHH)  COBMAJAKT € PE3yJbTATAMH
H. B. Maauxosekoro [263].

Kacnulickoe Mope - Tpoekm
"Mopsa CCCP", 1992

Kacnuiickoe mope

ManuHosckudl, 1926
lepmaH, 1970

Kocapes u LlbizaHos, 1972
CrnudyeHKo, 1973
JleeaHm u 0p., 1993



KaprI rapMoOHUYECKUX NOCTOAHHDbIX




PagunanMoHHbIe npunuebl BO BHYTPEHHUX MOPAX

®dopmupoeaHue Bprn3oBbIX KonebaHWit ypoBHA MopA
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TenAblll 56PEZ XonodHoe Mope

XoArodHutii depez TenAoe Mope
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PagnauMoHHble NPUAUBDI

Response method

Munk and Cartwright, 1966

Credo of smoothness zetler 1971; Wunsch, 1972 S5 0.15

1.92 1.96
YactoTa, umkn/c

CraHumun

®opr-LlieBueHKo
\EYERTEYE]

0. ¥unoi

Kapa-boras-fon
KpacHoBsopack
Anapyka

0. OrypumMHCKui
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Maxaukana
o—eo—o Baky

BekTaw
o—e—o KpacHoBoack
o—e—e Anagxa
&—e—= 0. OrypynHCKuiA
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Pe3oHaHCHOe ycuneHune

1.92
YacToTa, umkn/cyT

13-14 y
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;if; Banunpauus mogenu npunusoB Kacnuickoro mops

Mz
Zo, M 20, M
Nel o CramwesHabn 7000001 005 01 02 03 | 4% 0005 001 0,05
H, cm AH, cu G,° AG,
1 | Maxaukana 0,72 0,52 050 043 039 034 030/ 2294 -1 -1 -1
2 | Baky 230| -0,12 -0,11 -0,06 -0,03 0,00 0,01 10,8 -5 -5 -6
3 | o. CBunoit 2,13| -0,05 -0,04 0,02 0,05 0,07 0,08 2,7 4 4 3
4 | o. OrypunHCcKHit 3,87 0,11 0,05 -0,23 -0,46 -0,80 -1,07| 139,2 -41 -36 -22
5 | Kpacnosoack 2,07 0,53 0,39 0,11 0,01 -0,10 -0,20| 1546 -26  -26 -27
6 | Kapa-boras-I'on 210 032 029 023 021 019 019 1509 7 6 3
7 | Bekram 2,28| 0,17 0,14 0,09 0,07 0,06 0,05| 160,9 6 5 3
8 | ®opr-1lleBueHko 258| -0,13 -0,07 015 0,27 041 050] 218,9 3 1 -5
RMSE 0,30 0,26 020 025 035 044 18 16 13
K1
Zo, M 20, ¥
Ne Cranuas Habn 73005 7 001 005 01 02 03 |1 5005 001 005
H, cu AH, cu G,° AG,
1 | Maxaukana 039 0417 017 019 020 021 022| 449 -20 -20 -19
2 | Baky 049 | -044 -044 -046 -046 -045 -0,44| 3218 -5 1 34
3 | 0. CBuHoO# 025| -015 -0,45 -0,15 -0,14 -0,13 -0,13| 84,2 -29 27 -25
4 | o. OrypunHCcKHit 0,49 0,09 0,10 0,10 0,10 0,10 0,09 ]| 216,2 12 14 20
5 | KpacHoBojck 083| -016 -0,16 -0,18 -0,20 -0,24 -0,27 | 284,5 51 -50 -48
6 | Kapa-boras-I'on 027| 022 022 022 021 020 020/ 1944 52 52 51
7 | bexram 0,35 0,08 0,08 0,07 0,06 006 0,05]| 256,1 -3 -3 -3
8 | ®opr-1lleBueHko 087| -019 -0,21 -0,27 -0,31 -0,35 -0,38]| 307,4 19 19 20
RMSE 0,22 0,22 023 024 025 0,26 30 29 31




) UcTopuna ndyvyeHna npobnemol

Me3omacwTtabHble KonebaHua ypoBHA Kacnnmnckoro mopsa numerot
ANUTENIbHYI0, HO HEePEeryaapHyt NCTOPUIO UCCAea0BaHUN

ManuHosckul, 1926
lepmaH, 1970

Kocapes u LibicaHos, 1972
CnuoyeHko, 1973
PabuHosuy, 1973

lepmaH u Jlesukos, 1988

JleessHm u dp., 1993
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* Medvedev I.P,, Rabinovich A.B., Kulikov E.A. Tides in three enclosed basins: the
Baltic, Black and Caspian seas // Front. Mar. Sci. 2016. V. 3. Ne 46. doi:
10.3389/fmars.2016.00046.

* Medsedes U.I1., Kynukos E.A., PabuHosuy A.b. Mpuanesbl B Kacnuitickom mope //
OkeaHonorua. 2017. T. 57. Ne 3. C. 400-416.
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