PazHomacmTaOHbIe BUXPU U CTPYiiHbIE TeueHud B 3ajuBe [lerpa Beaukoro.
JAMCcTAHIIUOHHBbIE HAOIIOICHUA U YMCICHHbIN IKCIIEPUMEHT
ITonomapeB B.U., ®@aitman I1.A., [Ilyouna B.A.
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OcHoBHas 1HeJIb PadOTHI —
oKa3aTh 0COOCHHOCTHU BUXPEBOM TUHAMMUKH B palloHe
3anmuBa [letpa Benukoro u npuiieraromen yactu ArnoHCKOro MoOpsi UCTIOJIb3YH

- ciytHukoBeie Habmoaerns (MODIS, Landsat-5, UKinama3onsl, crieKTpopagioMeTp) |

- YUCJICHHYIO KBa3H-U30MUKHUYECKYIO (CIIONCTYFO) MOJIENb UPKYJIISAIIUNA MOPS B Z-CUCTEME
KOOPJIMHAT C TPAHUYHBIM YCIIOBUEM CBOOOTHOM IMMOBEPXHOCTH IS YPOBHS MOPs. Mojieb
paspaborana H.b. [llarmupo u D.H. Muxaiinosoii (2001)B MopckoM ruapodu3naecKkoM
uHcTuTyTe (r. CeBacTomolsb).

[Iporpamma Monenu ycosepuieHcTBoBaHa O.0O. TpyCceHKOBOM € LB OBICTPOTO
MPUMEHEHHUS JIsl TF0OBIX MOPCKUX aKBAaTOPUH U aIalTUPOBAHA JUIsl yCIOBUM SMOHCKOTO

mops (2003, 2005).

YucneHHbIe SKCIIEPUMEHTBI BBIMOJIHSIIUCH Ha ceTKe 0KoJ10 1.8 kM c marom no Bpemenu 4
MUHYTBI IIPU MUHUMAJIbHBIX KO3 PULIMeHTaX TPUAOHHOTO TPEHUS, TOPU3OHTAIILHON
OUTrapMOHUYECKON BS3KOCTH, TOPU3OHTAIBLHON JU(PHY3UH TEMIOM U COJIBIO.



MHI Ocean Circulation Model

The MHI model is the 3D primitive equation layemddel with free surface boundary condition.

T~

The assumption of a layered model is that the sea consists of
layers of variable thickness:

h,h,,hs...hy

where:
h_]_(X’ y’t) = hl(X,y,t)—Z (X,y,t)

hy (% y,t) = H (X, y)=h" (x,y t)

with governing equations integrated vertically withinday. The
specific feature of the MHI model is that not only layer #mess
but also temperature, salinity and density (buoyancyg ar

h*'(x,y.t) h,(x,y,t) functions of both time and horizontal coordinates:
U =u (X y.1) Ve =% (X y.t)
h'(x,y,t) T =Tyt S =S (xyit)
The layers are kept stable by employigriori set “base”
/r\/ stratification which constrains density variations:
NI hy(x,y,t)
h™ (x,y.t)

\ b <b <k, k=2...N
h”(x,y,t)=( b=gp, - o)/ .



Equations

1) Momentum equations:
o(u ) +6(uk2 [ﬁl) +6(vkuk )

+Q-Q, - =h

o ox % 10(b ) &1oh b oh
+§ oX bKDqZ:l“& 2 0x
) ¢_1op, 0(bm)
a(Vk[H]()_I_a(Ukkah()_*_a k[h( + \" \% — ay poo ay q=1 ay
Q<_Q<—1+fmkuh<_h< +Amvk|]1< —AlM Vk[HL

2) Governing equation of temperatute ) , 0(u T )  9(v [, ) +Q QL =R, (T,

ot OX oy
. . imitgs O 0 " d k S S
3) Governing equation of salinity: (SKmm) UG ;%Eﬂl) Lo ES;K[HL) +Q -Q%, =«M(h MS)
4) Continuity equation: o, o(h M) +0(VL ) AW W, =0
ot ax ay B
5) Integral continuity equation: - 0(h, S =0
+; Z 3 -

6) Turbulent kinetic energy equatlohl[ EQM +M" )+g—V\4 (b,~b )J 2

7) Equation of sea water state b=(T.S)



Boundary condition

1) For momentum equations: (
2 di 1 apa +kzl:6
o(u, [ﬂk)+6(uk [ﬂL)+6(vkukEﬂ1K)+q: Q- =h ox p, X =

ot ox oy 16(q h) , &
" I

In the internal layersQ' = A (U, —U,,) +W' [, +W, [,
On the surface: Q=r
On the bottom: Qi =r, My Where: r, =1, +1,,,/(W +V)

2) For governing equation of temperature:
o(T, ) , o(u T Th) , o(v T ) +Q -Q, =« m(h, 1)

ot X dy
In the internal layersQ; = A (T, —Te..) *W O +W, [,
On the surface: =Q +Q +Q +Q
On the bottom: Q| =0

3) For governing equation of temperature:

o5M), oS th) OB, o _op _emin ms)

In thaet internal ?;yel’SQf =/‘?ESK ~Se) *W 8 +W, [§,,
On the surface: Q =P-E
On the bottom: Qs =0
K k_ K K K K K
W:Wk_o_dhm 0 _ o dh*+0 Where:dhdt O:%Jrukaaixﬂ/k% dh®*+0 _oh

W =0, k=23.N W #0, k=12 W =(W +)/2=max OW)

dt

T)

ot

b dn

A m(uk [ﬂl) _Am(uk [ﬂl)

on«

+uk+1&
W= (W, -W)/2=min(0W)

+V,

ar
k+1 ay



The input external meteorological data includes dioess, surface air
temperature, relative humidity, wind stress, shortevssar radiation, and near
surface wind speed from the daily NCEP NCAR reanalgiata (National Centers
for Environmental Prediction, USA) from 1980 to B0@ll input data are daily
averaged for the period from the 1980 to 2005.

Initial layer thickness, temperature and salinitytrdbsition is based on data
collected in frame of the International Joint JE§j&Ct during the summer cruises
of R/V “Roger Revelle” and “Professor Khromov”, JuAagust 1999.

The model domain covers the Peter the Great Baydjadent sea area We set 10
guasi-isopycnal layers, horizontal grid size of 1.2ikmumerical experiment,
time step of 1.5 min.

The coefficients of the quasi-isopycnal

by-harmonic viscosity 0.5x10**16 sm4/s ;

harmonic viscosity 0.125x10**6 sm2/s, used only hbardoast;
diffusion of heat/ salt are 0.5x 10**5 sm2/s,

bottom friction is 0.001



CpenHsist 10 BEpTUKAIM CKOPOCTh TEYCHUS B BEPXHEM MEPEMEIIAHHOM CJI0€ 3aJIMBa
ITerpa Benukoro B cepeiHe aBrycTa Mpy HHTEHCUBHOM KPYIMHOMACIITAOHOM
IUKJIOHUYECKOW 3aBUXPEHHOCTHU HAMPSXKEHUM TPEHUS BETPA B IIPEAIECTBYIOIINE
JIECATh CYTOK.

sea Current. The 12th of August 00:00
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Cpennss 1o BEpTUKAIM CKOPOCTh TEYEHHS B BEPXHEM MEPEMENIAHHOM CJio€ 3aiuBa Iletpa
Benukoro B KOHIIE aBrycTa Npu OCIa0JI€HUH KPYITHOMACIITAOHOM ITUKIOHUYECKOMN
3aBUXPECHHOCTH HAIIPSIKEHUN TPEHUA BETPa

mea Current. The 28th of August 15:00
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CpeaHss No BepTUKarnm CKOPoCTb TEYEHUS B BEPXHEM NepeMeLLaHHOM Crioe 3anuea
MeTpa Benukoro B cepeanHe HOAOPS Npu YyCUNEHUN 10ro-3anagHoro 1 3anagHoro
BeTpa

mea Current. The 15th of Nevernber 00:00
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CpeaHsisi No BepTukann CKOPOCTb TEYEHUS B BEPXHEM NEPEMELLAaHHOM CJioe 3anmBa
[MeTpa Benukoro 22 ceHTAOPS Npu XxapakTePHOW LMKITOHNYECKON 3aBUXPEHHOCTU
Hanps»XeHW TPeHNA BeTpa B NpeaLlecTBYOLME OeCATb CYTOK U CMEHEe BeTpa Ha
loro-3anagHoin, 3anagHbl B pavoHe 3anvBea

Sea Current. The 22th of Septerber 03:00
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LinknoHnyeckmne Buxpu B 3an. lNeTpa Benukoro Ha n3obpaxkeHusiX, NnoslydeHHbIX TeMaTUYEeCKMM KapTorpadom co
cnyTHMKa Landsat:(a) 8 okTs6ps 1991 r. B uHdpakpacHoM auanasoHe, (6) n (B) 25 ceHtabps 2001 r.: (6) B
WMH(paKpacHOM Anana3oHe, (B) B BUANMOM Anana3oHe; 1-4 — UMKIOHUYECKME BUXPU.




DBOJIIONMSA CHHONTHYCCKOTO0 aHTHIIMKIOHMYECKOTO BUXPs B 3anuBe Berpa Benukoro B
aBrycre-ceHts0pe 2009r. mo ganubeIM criekTpopaanomeTpa MODIS o conepxanue

xynopoduina B aBrycre-ceHTsaope 2009r.

2009/08,/08 Q4:28(GMT)(0.01~6d4mg,/ m3) 2009/08,/09 03:33(GMT)(0.01 ~64ma,/m3) 2009/08 /10 04:16(GMT) (.01 ~64ma,/m3)

It B .0 : | 0 1.0 | O Y | 2 O h

.EGGEKGE;’EE 0d:41(GMT)(0.01~64mg ,/ m3) .EGGE;’GEKSE 03:52{GMT)(0.01 ~64dmg,/ m3) | 2009/09 /16 04:34(GMT)(0.01 ~8dmg,/ m3)

> x7I0poMNa @ B 3aN. IleTpa Bennkoro B aBryCTe-ceHT'pe 2009 r.,
Nosy4YeHHoe Nno u3MepeHnaM crnektTpopaanometpa MODIS
(http://www.nowpap3.go.jp/eng/callender/chl-r.php)

Cop,ep>|<aHV|



[{uknorenes B 3aj1. Berpa Benukoro B aBrycre-centsope 2009r.

2009/08 /22 0d:41(GMT)(0.01 ~64ma,/ m3)

2009/08/30 03:532(GMT)(0.01~64mag,/ m3)

2009/09,/11 02:35(GMT)(0.01~64mg,/m3)

Ll | & — |

2009,08,24 04:28( T (0.01~64mg/m3) 2008,/09,/13 04:03( JiT){0.01~64mg/m3)

CopepxxkaHue xnopodunna a B 3an. lNetpa Benukoro B aBrycre-ceHts16pe 2009 r.,

Nosy4YeHHoe Nno u3MepeHnaM crnektTpopaanometpa MODIS
(http://www.nowpap3.go.jp/eng/callender/chl-r.php)
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CTpenkaMm noka3aHbl BEKTOpa NOBEPXHOCTHbLIX TEYEHUIN, MOCTPOEHHbIE MO
nape n3obpaxennn MODIS ¢ ABYyX CMYTHUKOB.
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CTpenkaMu nokasaHbl BEKTOpPa NOBEPXHOCTHbLIX TEYEHUN, MOCTPOEHHbIE MO
nape n3obpaxennn MODIS ¢ ABYyX CMYTHUKOB.
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CTpenkaMu nokasaHbl BEKTOpPa NOBEPXHOCTHbLIX TEYEHUN, MOCTPOEHHbIE MO
nape n3obpaxennn MODIS ¢ ABYyX CMYTHUKOB.
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CTpenkaMu nokasaHbl BEKTOpPa NOBEPXHOCTHbLIX TEYEHUN, MOCTPOEHHbIE MO
nape n3obpaxennn MODIS ¢ ABYyX CMYTHUKOB.
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CTpenkaMu nokasaHbl BEKTOpPa NOBEPXHOCTHbLIX TEYEHUN, MOCTPOEHHbIE MO
nape n3obpaxennn MODIS ¢ ABYyX CMYTHUKOB.
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OCHOBHBIC BbIBO/JIbI, ITOJIYYCHHBIC IIO CIIYTHHKOBBIM JdHHBIM M B YHCJICHHBIX
SKCIICPUMEHTAX C MOJACIBIO LIUPKYJIALIUNA.

AHTUIUKJIOHWUYECKUE CHUHONTUYECKHWE BHUXPU C XapakTepHbIM MacmrTadboM 10 50 kwm,
NEepEMEIAsICh Ha IOro-3amaj BAOJb KPYTOrO MATEPUKOBOIO CKJIOHA M Y3KOro menbda
[IpuMophes, 3axBaThIBAIOTCS MIUPOKUM Ienbpom 3anuBa [letpa Benukoro, rie okasbiBaroT
3HAYUTEJbHOE BIUSIHUE HA IIUPKYJISIIIAIO U BOJJOOOMEH C TTyOOKOM 4acThO MOPSI.

Bpemsi Ku3HM 3aXBauy€HHBIX AHTHIIMKIOHUYECKHUX BHUXpPEH B ATOM pallOHE H3MEHSETCS OT
HEJIETU JI0 MECAIIA, a UX MPOCTPAHCTBEHHBIA MacIITad MOXKET yBeauuuBaThes 10 60-70kM.

Ha ceBepo-3anmagHoil U ceBepHOW mnepudepur aHTUIMKIOHUYECKUX BHUXpeW 00pa3yroTcs
WHTCHCUBHBIE  CTPYMHBIE TE€UYEHUS W  KOPOTKOKHMBYIIME  LMUKIOHUYECKHE  BUXPHU
CyOCMHONTHYECKOr0 MaciiiTaba ¢ BpeMEHHbIM MacIITaboOM MOPSAKA CYTOK.

CyOCHHONTUYECKUE  IUKJIOHUYECKHE  BUXPHU  MEpPEMEIIaloTCa  BAOJb  nepudepun
AHTULUKIIOHUYCKOTO BUXPSA, NOAACPKNBAA B HEM IPAJIMEHT TEMIIEPATYPHhI, JABJICHUS U YPOBHSI.



