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NnaH

1. MoaennposaHue umpkynaumm CesepHoi ATIaHTUKKU C BbICOKMM NPOCTPaHCTBEHHbIM
pa3speweHnem c nomolupbio INMOM (Institute of Numerical Mathematics Ocean Model):

e onuncaHue ocobeHHocTert INMOM;
* pe3sy/bTaTbl MOAENUPOBaHUSA LNPKyAsaumm CeBepHOM ATAAaHTUKMW.

2. OueHka mectononoxkeHus nageHma A330 01.06.2009 (peic AF 447 Puo ae HKaHenpo -
Mapux):
* PACYET MOAENbHbIX TPAEKTOPMI NarpaHeBa NnepeHoca 06BEKTOB B SKBAaTOPUANIbHOM
ATNaHTUKeE N UX CpaBHEHWE C peasibHbIMU;

e pacyeT B 06bpaTHOM BpemeHn HanaeHHbIX 0610MKOB U Ten ANA OLUEHKM
mectononoxeHua nageHuna A330.



Moaeau KpynHOMACIUTAOHOU JMHAMMKY OKeaHa

MOM (Bryan, Griffies, Pacanowski et al., USA)
OPA/NEMO (Madec et al., France)

FESOMZ2 (Danilov et al., Germany)

POM (Mellor, USA)

HYCOM (Bleck, Chassignet et al., , USA)

MIT GCM (Marshall et al.) u ap.

Mopean I' MII (3eaenbko, Pecusauckuii, 'MII, MockBa)
Monear UBMuMI ' (I'oayoeBa, IliiatoB, HoBocuOMpceK)

3 moaesiu UBM PAH, MockBa

— INMOM ([Auanckuii, I'yceB, 3anecnsiii, bBarno, Pycakos u ap.)
— UBM-HUO (Capkucsin, Uopaes u ap.)

— FEMAO (SIxoBaeB, UepHoB)



OTiiMYuTeIbHbIE 0COOEHHOCTH MOIeJIH 001el mupkyJasauuu okeana INMOM
(Amanckwuii, I'yceB, 3ajecnsrii, 2010)

C-CUCTEeMAa KOOPAUHAT HA chpepe ¢ MPOU3BOJIbHBIM BLIOOPOM MMOJI0KEHUS BHIYUCIUTEIbHBIX MOJTKCOB.
IIpumuTuBHAa"A cucrema ypasHenuii OLO.

Certka “C”, MKP.

IMapamerpu3zanuu Mellor&Yamada m Pacanowski&Philander Beprukaabnoro Typoy.i. mepemMeninBaHus.
CumMeTrpusoBanHas 3anuchb ypasaenui OIO.

Meton pacuiervienus Mapuyka nmo GpusMiyecKuM npoueccam (paHee u o KOOPAUHATAM).

PaciueniieHue Ha SJHEPreTUYECK COAIAHCUPOBAHHBbIE MOACUCTEMBbI.

TopusoHTasibHasA U U30NMUKHUYECKas AUPPy3us B G-CUCTEME KOOPIUHAT.

bokoBast BA3KOCTH 4-10 MOPAIAKA.

HesiBHBIN aJITOPUTM pacyera JUHEHHBIX YPABHEHUU MEJIKON BOABI [JI1 pacyera YPOBHS MOPSL.

IapaanenabHbiii aaroputm MPI/OMP.



OnucaHne mogenu obwen umpKynauum okeaHa INMOM

1. MpubNMXEHUs: HECXKMMAEMOCTW, TMAPOCTATUKN, ByccuHecka. . __Q,/—U:D

_\_\—L
3. Curma-cuctema KoopamHaTt no BepTuKanu: \
o = z+¢ (X YY) ) \
H(Xy)+g (X y.1)

4. [onHoe HenuHenHoe ycnoeme Ha cBOHOAHOM NOBEPXHOCTU OKEaHa: 5=0
d é/ 0=1
|Z=—§ — dt + Q
Q - NOTOK BOAbI HA NMOBEPXHOCTH
o=1
9. [ paHnyHOe ycroBswue AN OaBneHns Ha BepxHen NOBEPXHOCTM 7 = —é’
P |z:_g: Pa T Pice

P, - AaBNeHne MOPCKOro nbAaa (0Tkas oT npubrmkeHus «levitating ice»)

Z2e[-C,H] - obbluHas BepTukanbHas koopavHaTa, UaMepsieMasi 0T HeBO3MYLLEHHOTO COCTOSIHIS OKeaHa U HanpaeneHHast BHI3

o <[0,1] - 6espasmepHasi BepTUKanbHas KOOPANHATA, N3MepsieMast OT CBOGOAHOM MOBEPXHOCTY M HAMpaBeHHas! BHU3
X,y - 06OBLLEHHBIE OPTOrOHaNbHbIE KOOPAMHATHI Ha Chepe
{ - OTKIIOHeHMe YPOBHS MOPA OT €ro HEBOIMYLIEHHOTO COCTOSHMA, > 0, eciiv CBOBOAHAR NOBEPXHOCTL HAXOAMTCS BbILLIE YPOBHS Z=0

W - BepTuKarnbHasi CKopoCTb



Cuctema koopguHaTt INMOM

3anuck audepeHiaibHbIX OMepaTopoB B MPOU3BOJIBHOW OPTOTOHAIBHOM CHUCTEME:

.10¢ .10¢ 1 0¢ 1 (o 0 0
Vop=i———+j——"+k——, H=—| = < Y
.1 (o0 0 .1 (o0 0 1 (0 0
Vx®=i—|—(r¢,)——(r —| —(rg)——(r k —(r,¢,)——(r :
X I ryrz [ay( z¢z) aZ( y¢y))j+1rzrx (az( x¢x) aX( z¢z))j+ rxry [ax( y¢y) ay( x¢x))j
XV (XY (oX. Y . X =(X,,X,,X,) — JEKapTOBbI KOOPIUHATHI
I = —.l + .2 + —.3 s I =X, y1 Z.
! Oi Oi O Y =(X,y,Z) — IPOU3BOJILHbIE OOOOIICHHBIE KOOPAUHATEI
B ciyqae chepraeckoii X, =(R-2z)cosAcosp, ~MeTprieciie r, =(R-2)cosg,

CUCTCMbI KOOpAWHAT

X, =(R-2z)sinAcosg, KO>pdummentor r,=(R-2),

r,=1

X;=(R-2)sing,




Peannsauua mogenu mopckomn unpkrynaumm INMOM ana YepHoro mops

~.9
Sem 10 _
*311 r. Sochi
Ngl3
PacyeTHaa obnacte moaenn 4epHoro mopa ¢ yBeanyeHmem 1PN 56 - s
/ o *i55a I
obnacTtun B partoHe BosblWOro coym n Tonorpadmsa Moaeniu. 3%l ®) ¢ Mzymta
100C D=y .
TOYKM COOTBETCTBYIOT peKam (KpacHbI€) N OYMUCTHbIM = L

coopyKeHus (3eneHble). NoNtoc NOMeLEH B TOYKY C
KoopanHaTtamm (40.0052° B.A4., 43.5913° c.w.)



Peanunsauna mogenu mopckon umpkynaummn INMOM ans KepueHckoro npoanea ¢ uenbto ruapometobecnedeHna NpoeKTMpoBaHua
KepyeHcKoro mocra.

CeToyHas o0bnacTb MOAENM  MOPCKOM  LMPKYA[LMK
noayyeHa NyTem nepeHoca CEBEPHOro 1 OXKHOMO MOOCOB C
nomMoubto ApobHO-NMHeNnHOro npeobpasoBaHmns Mebuyca.
[MepeHoC NONOCOB OCYLLECTBAANACA B TOYKN C KOOPAMHATAMM
36,158321°8.4. 45,265857°C.1Ww. AN CeBEPHOro Mnostca u
37,134731°8.4. 45,249368°c.Wwi. ANA HOMHOro MnoJtoca.
[MOCKONbKY MCNoNb3yeTca MaTeMaTUYECKN TOYHas
SEarS = chepunyeckas cucTema KoopAuHaT,  TO HUKaKMX
S TOMO/IOTUYECKMX WUCKAXKEHUM MPU pacyeTe MNojen TeYeHUin

DR He BHOCMTCA, B OTAMYME OT 3a4acCTyl0 MCMNONb3yEeMbIX
[EKapTOBbIX CUCTEM KOOPAMHAT, «HATATMBAEMbIX» Ha
chepuYHy0 NOBEPXHOCTb 3EeMIN.,



Cuctema ypaBHEHUN B G KOOpAMHATax, nexxauwasa B ocHose INMOM

YpaBHeHUe Hepa3pbiBHOCTU (6anaHc 06BbEMA)
oh 1 (ourh évrh) ow

+ + + =0
ot rr ox oy oo

YpaBHeHUA ABMKeHUA (6anaHc nmnynbea)
ohu 1 (ohruu  ohrvu) owu 1( or, or
+ +—>— |+ - f+ v——u—=| hv=

9

ot rr\ ox oy oo rr,ox oy
:px_ghléé/_h 1 a(pa+pice)+|fu+ 0 K(@Uj ,
nooXx — pf,  OX oo\ h\ oo

ohv 1 (ohruv ohrw ) oJawv 1 ( or, or
+ + + +| f+ V——-u hu =
OX oy oo rr\ o oy

ot rr,
ZPy—ghiaé/—h 1 8(pa+pice)_i_lfv_i_ 0 (K(a\/jj,
r, oy  pf, oy oo\ h\ do

YpaBHeHus ana Tpacepos (banaHc Tensia u conm)

ohgd 1 (ohrud ohrvo)| owbh - o (v, 06 oR
+ + + =F,@)+—| =+ — | |-——,
ot rr\ oXx oy ole} oo\ h\odo ole}
ohr,uS -
8hS+ 1 y +8hl’XVS +aa)S=F5(S)+i v_s(ﬁ) ,
ot rr OX oy oo oo\ h\do

ypaBHEHMG CoCcTodAHWNA (CBFISb mexay Tpacepamunm n I'II'IOTHOCTbPO)
p=p(0.,S,p)

h=H+¢  -nonHaa mybuHa okeaHa
Z=och—-¢ -reonoteHunan
U,V -cocTaBnstoLe CKOPOCTH BOOMb HANPaBIEHNA X U Y COOTBETCTBEHHO

] KO3 uumeHTbI Jlame BOOMb HAaNPaBNEHWN X Uy COOTBETCTBEHHO
uoZ volL oL

- NpUBEEHHas BepT1KanbHas CkopoCTb BAOMb G
roox r,oy ot

w=W
f =2Qsin ¢ - napametp Kopuonuca kak yHKLMS reorpamyeckoit LWmpoTbl

@,S - noteHunanbHas TeMnepartypa u CONeEHOCTb

~ ~ ~

|fu ,F,,F,, F - onepatopbl 60koBOI BA3KOCTH M AncHy3nm

\'
ViV, Vs - KO3(hPULMEHTbI BEPTUKANbHON BA3KOCTU M andhdy3unm
R - noTok npoHuKaroLen KopOTKOBOMTHOBOM COMHEYHON pagmaLmm

P ’ P - 6apOKJ'IVIHHbIe rpagueHTbol AaBneHumA, BbiI3aBaHHbIE
X0y
HeEOO4HOPOAHOCTbIO MNIOTHOCTU BOAbl

P, =1025 kr/M> - CpenHss NNOTHOCTb OKeaHa



KOMMNOHEHTHI 6apOKI'Il/IHHOI'O rOPMN30OHTA/IbHOIO rpagmeHTa AaB/1eHNA B AKOOMaHHOW cbopme

p gh j(apaz_az apjdm 5o ghj Op 0Z 0 9p do
Pl s\ OX 0o OX do Poly 3\ 0y 0o 0y do

Onepatop 6OKOBOW BA3KOCTM ABNAETCA AUBEPTreHLNEN TEH30PA HANPAXKEHUN

~ 1 0O
R = rr 8x(y Dh)

1 0
r, oy

NedopmaLMOHHbIN U CABUTOBbIM KOMNOHEHT TEH30Pa CKopocTen aepopmaumm (HanparKeHni)

o, =L a[u}_rngilj, D=L .,Xzﬁ(gj”yziﬁ |
rr, ox{ I, oy\r, rr, oy\r, ox{ I,

KoadpdunumeHT 6OKOBOM BA3KOCTU paccymTbiBaeTca no popmyne CMaropmHCKOro

H = Hie + kAXAy Y D1? + D§ >

[MyTEéMm ABYKPATHOrO NPUMEHEHMA OnepaLnmn pacyEéTa TEH30Ppa HANPSAXKEHUN U €ro ANBEPreHUnn onpeaenaeTcs
onepaTop BA3KOCTU 4-ro nopsaka (burapmoHuyeckmnin)

18(

1 0
rr@y (

—(r?ubDsh), F, 1D h)+ o uDgh),




OnepaTtop 6okoBoM Anddy3nm 3anncaH B YyHUBEPCaIbHOM BUAE BAO/Ib MOBEPXHOCTEN P UK Z = const

F, =div(Kgradg),
0 ®d = Z -ropusoHTanbHaa andoysma

:_ ’g _”Ta ik o0/dy
Hr M 1 5T en00 DT 0w/ 00

—Hr Oy _luTay — (0[34-0!3)

D = p - U30NUKHNYECKAA AndPy3ns

KoadhdpurumeHTbl BepTUKANbHOro TypOyrneHTHOro obMeHa MoryT paccymTbiBaTbCA NO anropmtmam
Mellor&Yamada (T.H. k-1 mogernb)

dg° o a9° q’ ) 2 .
_9 —2|P —P -2 |+ D(g?), - 3Heprmna TypOyneHTHbIX Nynbcaumi
dt oz [V‘* oz s~ B gy | TP 1 PRy Y ]
, , | - macwTtab TypOyneHTHbIX Nyrbcauum
d(a’l) o[ aql ) | :
——|v,— |=IE[P,.-R]-2|1+E,| — | +D(@’) |, .
dt oz| ? oz B, KL KoadbdnumeHTbl BEPTUKASIBHOW
2 2 v=1QS,, - BsiskocTu
@; :(5_Uj +(@j - R=vel, o - 9% R, =viay, L >
oz 0z Po 02 z H-z ve =10S; - anddysum
Pacanowski&Philander
2
Vmax V : a)b

V= — 4V ., V.= -+v; .., Rl=—-  -uucno PnyapacoHa
1+5Ri)> ™ " 145Ri '™ 0



[paHU4YHble ycnoBuA

CBoboaHan nosepxHOCTb 0=0: BoKOBas TBEpAas rpaHMLa:
BepTuKasibHaA CKOPOCTb:

puTOoK BOARI: (W = O [OPM30OHTA/IbHbIE KOMMOHEHTbI CKOPOCTU:
fOpPM30OHTaIbHbIE KOMMOHEHTbLI CKOPOCTMU: HenpoTeKaHue:
BeTposoe 5anpﬂ>+<eHme:
vV ou
* CBobOAHOE CKONbXKEHME:
wu—-—-—=Qu" +T, a
h A~
Qu*- [MPUTOK MMMNY/IbCa 33 CYET M3MEHEHMA 0OBEMA Tpaccepbl: OTCYTCTBME NOTOKOB
(u” nonaraeTcs CKOPOCTLIO Ha NMOBEPXHOCTH)
NOTOKKM Tenna n conun (e — TemnepaTtypa Uam CONEHOCTb)
P v do N a, (0 do N ay (0 do 00" +
wPp ————+ Ug| 5| =——« —a,— || = ' _a.
hao  "P\r2\ox Fas) r2\dy Yoo 9 fnoo=1:
BepTukanbHasa ckopocts: @ =0
[ns TemnepaTtypsbl HenpoTekaHne 1 KBaZpaTUYHOE TPEHME ANA TOPMU3OHTANIbHbIX

q KOMMOHEHTOB CKOPOCTY:
6 - TypbyneHTHble 1 paanaLMOHHbIE NOTOKM M3 aTMochepbl U baa

v du
ng - TMpuToK Tenna 3a c4éT n3meHeHnAa 06bEMa wu——=—=1, T,=Cp/u?+eyu
(8" nonaraetca TemnepaTypol Ha NOBEPXHOCTH) hoo

na conéHocTtun
Tpacepsbl: OTCYTCTBME MOTOKOB:

q9 - [TOTOK COMM 13-3a TaAHMA MW HAMeP3aHUA ibAa

QS* - TOTOK COMM 3@ CHET U3MeHeHMsa 0bbéma (S* nonaraetcs
CONEHOCTbIO MPECHOM BOAbI, PAaBHO HY/tO, €C/IM CONEHOCTb

OTCHNTbIBAETCA OT Hyflﬂ)



[Ipenmnonoxum, 4To

a) OOKOBas rpaHMIIa TBEPAAS,

0) Ha MOBEPXHOCTH HYJIEBBIE ITOTOKH IUIABYYECTH, MPECHON BOJBI M1 UMITYJIbCA

[Tomyunum mocnie cloXeHUs YpaBHEHUH, HHTETPUPOBAHUS 110 YaCTAM M y4€Ta I'PaHUYHBIX YCIIOBUM:

3akoH usMeHeHus nonHoii sHeprun:  E = K + 11

MOo’XHO BBIJICJIUTH 0APOTPOIHYIO YaCTh ITOTCHIIMAILHON SHEPIUH, MPEJACTABUB IJIOTHOCTh B BU/IC
CYMMBI CpeJIHEH 110 001aCTU U OTKJIOHEHUS OT CPEIHETO:

K =j&(u2 +Vv?)dQ, =TI, +I1, =—[ p,gZdQ - [ p'gZdO
Q 2 Q Q

Torma 3aK0H COXpaHEHHUS MMOJIHON SHEPTUU PUMET BU, COAEPKAIIAN TOTCHIUAIBHYI YHEPTUIO0 BHEITHUX
IPaBUTALMOHHBIX BOJIH:

O—ﬁ K+1I, + 4—Zrdx-rd
X,y
B INMOM ananoeu 3akono6 coxpaneHus BlNOAHAOMCA U Ol PA3ZHOCMHO20 NPedCmasieHUs
YpasHeHul 2UOpoOmepMOoOUHAMUKU OKEaHd.



MpUHUKUNbI YNCNEHHOW peann3aLuum 3a4a4U rMAPOTEPMOANHAMUKM OKEaHa

Tunbl ABUXKEHUM U NX MaclTabbl B 3aga4e AMHAMUKKN OKeaHa

1) AaBeKuma (nepeHoc XapaKTEPUCTUK CKOPOCTAMMU TEYEHUN).
OnpepensaeTca BEIMMNHON CKOPOCTU TEYEHUM
XapaKTepHble 3HayeHua — 0 — 2 m/c.

2) BHYTpeHHUe 6apoKAMUHHbIE BOJIHbI.
CKOpOCTb NepBon BapOKAMHHOM MOAbl OnpeaenaeTcs
cTpaTudUKaLmen Kak: c,2 = Apgh/p,
h — rnybunHa NMKHOKIMHA
XapaKTepHble 3Ha4YeHunsa — ¢, = 2-5 m/c

3) BHelHMe rpaBUTALMOHHbIE BO/HbI.
CKOpOCTb BOJIH onpeaenaerca rnMybuHon okeaHa: ¢? = gH
XapaKTepHble 3HayeHua: npu H=1km ¢~ 100 m/c



Ocob6eHHOCTU YUCNEeHHOU peann3auum.

B ocHOBe nexXunt meton pacwenneHna no (I)I/I3I/|‘-I€CKI/|N\ npoueccam.

|.  Pac4yéTt uameHeHus ypoBHA MOPCKOW NOBEPXHOCTU N CKOPOCTEN TEYEHU.
1. MepeHoc-anddy3ma nmnynbea.
a) NnpeaBapuTe/ibHAA OUEHKa NOAS YPOBHA U BEPTUKA/IbHOM CKOPOCTH;
6) nepeHOC ropmM3oHTa/IbHbIX KOMMNOHEHTOB CKOPOCTH;
B) 60KOBOE nepemellMBaHNE rOPU30HTA/IbHbIX KOMMOHEHTOB CKOPOCTY;
r) BEpTUKA/IbHOE NepemellnBaHNe FOPU30HTaIbHbIX KOMMOHEHTOB CKOPOCTU M BETPOBAS HaKa4Ka.
2. AganTauus Te4eHUM K Noao NAOTHOCTW.
a) reHepaumAa ABUKEHUA 33 CYET HEOAHOPOAHOCTM MO/ NIOTHOCTY;
6) pacyéT cpeaHen no rnybuHe (6apoTpPONHOM) LMPKYNALMM N OKOHYATENbHbBIN PACYET BbICOTbI
MOPCKOW NOBEPXHOCTY;
B) PaCYET MHEPLMOHHbIX KOJIEOaHMIN M OKOHYATE/IbHbIN PACYET BEPTUKAZIbHOM CKOPOCTMH.

ll. Pacyet TemnepaTypbl M CONEHOCTU.
a) nepeHoC TemnepaTypbl U CONEHOCTY;
6) 60KoBOE NepemelIMBaHNE TEMNEPATYPbI U CONEHOCTY;
B) BEPTUKANbHOE NepeMeLInBaHMe TeMNepaTypbl U CONEHOCTU U TENIOBAA HAaKaykKa.
r) Pacyét nnoTtHoCTEN in situ n noTeHUManbHOM No ypaBHeHUO cocTaHmAa TEOS 2010.



BapunaHTbl pacyéTta XapakTepucTUK MOpPCKoro nbaa B moaenmn INMOM
1) Ucnonb3oBaHune BHewHen mogenu nobaa (Hanpumep, CICE):
a) Mcnosb3yeTcs MeXXayHapoaHo cepTuduLMpoBaHHaaA MoAeNb /bAa;

6) mogenb nbaa paboTaeT Kak OTAe/NbHbIA HE3aBUCUMbI MOAY/1b, NOAKAOYAEMbIM K MOAE/IN OKeaHa
nocpeAcTBOM Kannepa;

B) Hanbosiee NosHas Ha cerogHALWHNI AeHb MoAenb PacyéTta /ibAa, BKAOYatoLan B ceba dopmupoBaHme
TOPOCOB M NPUNANHOrO NbAa.

2) Ncnonb3oBaHMe CBOUX dJIT0PUTMOB pacqéTa iba B COCTaBe eANHOIO0 KoOMIlJieKCa C MOAE/IbKO OKEaHa.

a) MUCMNoJib30BaHME edNHbIX Walra No BpemMmeHun " paC‘-IéTHOl‘/JI CETKU ANA OKeaHUNYECKOIo n 1eaoBoro
KOMMOHEHTOB,

6) TOYHOE cor1acoBaHne obmeHoB mexagay 1b4omMm N OKeaHOM,

B) BO3MOXHOCTb p€ain3aummn aqibT€EPHATUBHbLIX a/ITOPUNTMOB.



OCHOBHbIe npuHUuunbl mogennposaHmna gUHAMUKU U TepMmoaAnHaMUKN MOPCKOTO sibAaa.

biok MOPCKOTI'O JIbJJa MOKET OBITH YCJIOBHO IIPEACTABJICH CICAYIOIMIMMH YaCTIMH.

* [IEPEHOC XapPAKTEPHUCTHUK CHEra M JibJa JBYMEPHBIM IIOJIEM CKOPOCTH
naperida (Macca, CIUIO4EHHOCTD, YHTANIBITNS, COIEHOCTh, UMITYJIBC);

e pacu€r cKopocTH Jpeida Japaa IOJ BO3JACUCTBUEM BETPA, OKEAHCKUX
TEUCHUM, HAKJIOHOB YPOBHSI OKE€aHa, IPaJUeHTOB aTMOC(EPHOTO MaBICHUS W CHII,
BO3HMKAIOIIUX MEXAY JbJAWHAMU B mpollecce ux apeiida u aedopmanuii pasHOIro
pona (peosorus);

*  BBIYUCIICHHE MApaMETPOB MPOLECCOB JeopMaluu JibJa B MPOLECCE €ro
JIBUKCHUS U TIEPEPACUET XAPAKTEPUCTHUK JIbJIa C YUYETOM €TI0 TOPOIICHUS;

e pacuért npoduiuei Temreparypbl (BO3MOXKHO, U COJEHOCTH) B TOJIIIE CHEra

Y JIbJIa, BBIYMCIICHUE TEMIIOB TassHUA U 3aMep3aHusl, TpaHC(POpMaLIKU CHETa B JIE;

°  pacy€T XapaKTEepPHUCTHUK MOJIOJOro Jbaa (LIyrd), oOpa3yrollerocs Ha
CBOOOIHOM OTO JIbJ]a IIOBEPXHOCTHU BOJbI UJIH IIOJ] IIOBEPXHOCTHIO OKEaHa.

MepeHoc (apend)

NnHammKa

TopouweHue

TepmognHammKa



KoHeuHopa3HOCTHas annpokcumMaumsa Ha ceTke «C»

-\

| ’
! A . QT
-------- +—-f-- ¥ v
| Sl A T
. ll}t:---i ..... Yéz_- ‘.'_‘J._-_ ;([;' i
———————— ———b--=-- TN o
I
: A=
I
|
() — CkangpHble BenuyuHbl (6, S, p, p, {), AUBEPreHUns CKOpoCTU
] — X-KOMMOHEHTbI BEKTOPOB (CKOPOCTU U rpaaneHTa CKansapHbIX BENNYMH)
I — Y-KOMMOHEHTbLI BEKTOPOB (CKOPOCTU U rpagueHTa CKanspHbIX BEMUYNH)
+ — POTOP CKOPOCTU, OYHKLMSA TOKa, Tonorpadums gHa, rpaHuubl obnacTtu
Annpokcnmaumsa onepaTopoB rpagneHTa, potopa n AMBepreHumn:
AX =AX-r, AY =Ay-r,, AZ=Ac T,
-~ .o f of o,f
Vi =i2—+jL—+ k=2,
1 X x+% x—% !
V.F= m(5X(FXAYAZ) +6,(F,AXAZ) + 5, (F,AXAY)), sa=al ,-a| .,
2 2
~ 1
Vo xF=—— (8,(F,AY) -6, (F,AX)), Sa=al,, —2|, y.




Peanusauuna INMOM Ha MHOronpoueccopHbIX cCUcTemMax
C pacnpeneneéHHon NaMATbIo

MeToa gekomno3uunm obnacTtu

[TogobnacTtu MoryT ObITb MPOM3BOSTbHBLIMU MPSAMOYTOSTIbHbIMU
MHOIOYyrofibHMKamMmu

Pa3bueHne Ha nogobnacTn ToNbKO B rOPM30OHTaNIbHOW MNSIOCKOCTU

TexHonorun MPI n OpenMP
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CTpyKkTypa mogenu obwen umpkynaumm okeaHa INMOM

CuuntbiBaHMe napameTpoB
MHTErpupoBaHMA NO BPEMEHMU,
¢hnsnyeckux napameTpoB Mogenu
U MHULManu3auma pacyeTHon obnactu

CuuTbiBaHME HavarnbHbIX YCITOBUMA

<< 1) TepmoguHamuka nbaa

CuMTbIBaHME aTMOCKEPHbIX AaHHbIX 2) MNepeHoc maccebl nbAa
n T,S Ha OTKPbITbIX rpaHuULax 3) [HOuHamuka nbaa

MHTepnonsaumua atMocdepHbIX AaHHbIX
Ha MoAenbHYyK obnacTb

MHTerpupoBaHue Ha oAuH Wwar
Moaenu nbaa Uwnkn
no

PacyéT noToKoB B OKeaH BpemMeHu
Tenna, conu u umMnynbca

UHTerpupoBaHue Ha OAMH LU3 .
A PacuyéT koacpchmumeHTOB BepTMKanbLHoOro

TypOyneHTHOro oomeHa

MNMepeHoc-ancdysna nmnynbca

ApanTtauums

a) reHepauus ABMXXEHUA 3a CYET rpagMeHTa AaBreHus
6) 6apoknuMHHan agantaums (HesiBHasA cxema)

B) ypaBHEeHUS MenKou Boabl (HesiBHasA cxema)
MNMepeHoc-andcy3una TemnepaTtypbl U CONIEHOCTU
PacyéT nnoTtHocTun

3anucb pe3ynbTaToB
B 3aflaHHble MOMEHTbI BpeMeHU

3anucb KOHTPOJIbHbIX TOYEK
Yyepe3 3agaHHOe KOJ1-BO LLaroB

annucb U Bblga4dya UHTerpanbHbIX BeJ1n-
YMH Yepe3 3agaHHOEe KOJ1-BO LuaroB

3anncb KOHTPOJSIbHbLIX TOYEK
(3akntoumnTenbHas)




Moaenb INMOM (Institute of Numerical Mathematics Ocean Model) — mogenb MopcKoOW LMPKYASLMM OTeYEeCTBEHHOM pPa3paboTK
(MBM PAH) . Moaenb oTHocuTcA K Knaccy IPCC moaenen n N03BONIAET PAacCYMTbIBAaTb OCHOBHbIE XapPaKTEPUCTUKM MOPCKOM cpeabl
(TemnepaTtypy, CONEHOCTb, CKOPOCTb TEYEHWNI, YPOBEHb MOPSA, CKOPOCTb 3BYKa U Ap.).

INMCMS3 with INMOM of 2x2.5 deg.
resolution was presented in the
IPCC Fourth Assessment Report
(AR-4, 2007).

INMCM4 with INMOM of 0.5x1 INMCMS5 with INMOM of 0.25x0.5
deg. resolution is presented in deg. resolution will be presented
the IPCC, AR-5, 2014. in the IPCC, AR-6, 2021.
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B 2021 roay Hobeneeckasa npemuns no pusunke npucyxaeHa Ciokypo MaHabe n Knayccy XacenbMaHy:
"3a punsnyeckoe MoaenmMpoBaHmne KammaTta 3eMsin, KOJIMYECTBEHHYO OLUEHKY M3MEHUYMNBOCTU U
HaAeXXHoe NMporHo3npoBaHue rnobasbHOro notenseHns”. 3To HacToslee Npu3HaHne PUsnkn
K/iuMaTa M ero MmoaeniMpoBaHnUs BCEM HAYy4YHbIM COOOLLECTBOM.

P.S. Kctatn, nMeHHO XaccenbMaH B 1991 roay nepsbiM UCMNOJ/1b30Bas C10BOCOYEeTaHUe
"KnnMaTnyeckunm Kkpusmnc", a He scsskme taM Guardian n npoyne AeCATKU JIeT CnycTS




XapakrepHbie MacmTaobl. Paauyc PoccOu B okeane

JIuneiiHast moae/ib okeana. bapoxkjaunubie Mmoabl (Mapuyk u ap., 1987)
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C;=2—-3m/s C,=1—-—15 L;=300—400km — equatorial
C;=2—-3m/s (C,=1.0-1.0 Ly = 20 — 50km — midlat
C; =0.7m/s C, = 0.35 L, = 6km — highlat

Co = 200m/s



npOCTpaHCTBeHHbIe CMNeKTpPbI KUHETNYECKOM AHEPInn BpemeHHoM CMeKTp KonebaHun 3oHanbHOro KOMMOHEHTAa CKOPOCTH

OBWXeHUN B aTmocdrepe (HaBepxy) U B okeaHe (BHU3Y), Mo TedeHusa Ha rmybuHe 500 m Ha cTaHuMKn «D» B 3anagHow
Byacy (Woods, 1980). (BO — cpegHun knnmaTtnyecknm ATnaHTuKe, NO AaHHbIM TpexneTHux namepeHnin (Thompson,
cnekTp, Bi. C, D — cneKkTpbl, NONYy4YEHHbIE B OTAENbHbIX 1971). N3 (KameHkoBn4d 1 gp. 1987).

akcneguumax). N3 (Kamenkosny u gp. 1987).
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PacueTtbl umpkynsaumm CeBepHoun ATNaHTUKU € NOMOLLIO MoAaerien 1/4°(BuxpeponyckaroLiero) u
~1/10° (BuxpepaspeLuaroLiero) NpocTpaHCTBEHHOro pa3peLleHus

Ne | lnamason o goarore JlnamnasoH 1o mupoTe Pasperenue mo CetouHast 00JIaCTh
JI0JITOTE U HPOTE (N, XN, xN.,)

1 |97.625°W+35.125°E 19.375°S+77.875°N 0.25°x0.25° 532x390x27

2 |97.92°W+13.92°E 9.96°S+59.96°N 0.16°x0.08° 700x875%25

70N 1

40N 1
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Annmarus revenust [onbdpcrpum

Hab6mogenus Mogens INMOM 0.08°x0.16°x21

Gulf Stream (streamlines,[cm/s])
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BocnpoussepgeHue lonbpcrpmma

Buxpepaspelarowime moaenu, BbinoJHAKOLME 3aKOH COXPAaHEHUA MEeXaHUYECKOMW,
SHEepPrum cNocobHbl peasInCTUYHO ONUCbLIBAaTb MeaHapupoBaHue foabdpcTpuma U
obpasoBaHue BUXpei BOKPYr Hero.

OaHaKo, peuenTa AnAa aaeKkBaTHoro onucaHuma flonodpcrpuma Het. MogenbHoe
peweHne o4vyeHb YyBCTBUTE/IbHO K NapameTpusaLmnam.

Heobxogum war < 1/10° ana onncaHusa TOYKM OoTpbiBa.

Heobxoaumo Tak:ke BocnpoussegeHue J1abpaaopcKoro «OTXKUMHOTFO» TeYEeHUA.
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®opmuposanue I'oabhcrpuma B INMOM Ha npocTpaHcTBeHHOM pa3pemennu 1/12°%1/16°

Cxema nepeHoca Tpacepa — HEeHTPAJbHAA MO0 NMPOoCcTPaHcTBY U PyHre-KyrThl 3 nmopsiika 1mo BpemMeHu
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®opmuposanue I'onbhcrpuma B INMOM Ha npocTpaHcTBeHHOM pa3pemennu 1/16°%1/20°
Cxema nepenoca tpacepa — moaupuuuposannas cxema Kadape (I'osioBu3HUH M 1p.)

CnyTHMKOBasi peKoHCTpyKuma Monbdpctpmma Ha 01.05.2021. HoBas Bepcuss INMOM 1/16° no gonrote, 1/20° no wwuporTe.

35°N 38°N 41°N 44°N 47°N 50°N

32°N

@

78°W 71°30'W 67°W 62°30'W 58°W 53°30'W 49°W

Approved fDrlPL.lth Release: Distnbutlm.'w Unlimlt;d Date: 5-1-2021 North Atlantic Color
Figure9 Sea Surface Temperatures NW Atlantic Ocean May 1, 2021
Black Line Represents RIS-Bermuda Rhumb Line
https://www.ncei.noaa.gov/jag/navy/data/satellite analysis/gsncofa.gif?id=75957
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OuHamuka Kypocuro B mogenun INMOM Tuxoro okeaHa ¢ paspelueHmem 1/12°x1/12°

Pacific Ocean velocities([em/s])
00Z00JANOOOO




Numniicknii okean: 1/8°x1/12°x21, Ro > 45 km
(Marchuk et al., 2005; Inanckuii u ap. 2006; Harenduprakash et al., 2007)




YnucneHHoe moaennpoBaHue rmapoTepmMmoanHaMUKU BOL,
CeBepHOM ATNAHTUKN B ONEPATUBHOM PEKMME



YucneHHoe mogenupoBaHue rugpotepmoauHaMuUKU Bo4a OKeaHOB B ONepaTUBHOM peXXume

B ®BI'Y «TOUNH» cosgaHa cuctema MogenvpoBaHng B onepaTtMBHOM peXnMe LMPKynauum m
COCTOsIHUSA Bog, B akBaTtopum CeBepHon ATnaHTuku ¢ nomoLbio mogenn INMOM(Institute of
Numerical Mathematics Ocean Model), peanusoBaHHon gns aksatopun CeBepHon ATNAHTUKN C
NpoCTpaHCTBEHHbIM pa3pelueHmem 0.16° x 0.08° no gonrote u wunpote n 31 curma-ypoBHSIMU Mo

,—F.Fl-y-@H-He C ynyyduweHHbIM BEPTUKAJIbHbIM peLlEHNEM B BEPXHUNX CITOAX OKeaHa.

|
ITons mo
arMmocdepHOMY 3anyc1< Mozae/In / \
BO37eCTBUIO ||
(GFS 0.5x0.5) | INMOM B O6paboTKa pe3y/bTaToB,
AAArHOCTHYECKOM » co37jaHHe «KOHTPOTbHOM
- peXXUuMe Ha 24 4Jaca C TOUKH»
ycBoenueMm TT10 \_ Y,
aHHbIE
«KOHTPOJIbHOU ‘
TOYKU» —

C) 4 3arnyck Mojenu
O6paboTka

‘ INMOM B
SaHI/ICb pGSYJIbTaTOB ‘ pe3y/1bTaTOB HpOI‘HOCTI/IqECKOM

Ha cepBepe pacyera peXXuMme Ha 72 4aca

[locTpoenue
MPOTHOCTUYeCKUX
KapT
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[MoBEpPXHOCTHbIE CKOPOCTU TeueHu [cm/c] 27 mapTta 2013 roaa.

Pe3ynbTatbl pacyeTta no mogenn INMOM (0.16°x0.08°)

NorthAtlantic velocity at O m, 12Z227MAR2013
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[MoBEepPXHOCTHbIE CKOPOCTU TeueHU [cm/c] 24 anpensa 2013 roaa.

Pe3ynbTatbl pacyeTta no mogenn INMOM (0.16°x0.08°)

NorthAtlantic velocity at 0 m, 06Z224APR2013

Pe3synbTaTtbl cnuctembl MERCATOR (1/12°).

Mercator Ocean PSY2V4 1/12 deg
North Atlantic
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OUEHKA MECTONOJIOXKEHNA KPYLWEHUNA A330 (02:10 01.06.2009)
(penc AF 447 Puo-pe->KaHenpo — Napunx)

ATASIL

02:10:00 - Last known position (2° 58.800'N 30° 35.400'0) o

A ORARO
02:00:00 &
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Argo float surface locations are given by triangles while 10-day deep displacements (generally near 1000 m depth) are given as blue arrows. Only the
date of first surfacing is given. Argo floats stay at surface for order of 12h only. Two surface drifters from AOML (drogued near 15m depth) were
available in real time. Their trajectories are coloured magenta and cyan respectively before and after June 1 2009 at Oh (recall crash time is 2h10).
Bathymetry is from SRTMU file with a 0.5’ resolution (grey shading is every 500 m and contouring every 1000 m). A few plane parts (M) and human
bodies (H) are positioned in the figure where they were sighted or recovered. AF447 Last known position (LKP) is at the centre of ACARS circle
(dashed). A possible pollution spot (magenta dot) was sighted by synthetic aperture radar on June 2 at 8h16.

Argo Floats and AOML buoys May 26 to June 14 2009
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Trajectories of 17 fisheries surface buoys drogued probably near 10 or 15m depth. The trajectories of the two AOML drifters are
also shown (see Figure 1) as well as the overall 12h displacements of the Argo floats while they are at the sea surface (Argo
floats are not drogued and drift near 1m depth). The drifter and buoy trajectories raw positions were slightly smoothed and then
sampled every 6h (the small coloured dots in the figure). The small black dots are daily positions at Oh UTC. Slanted dashed line

shows the flight track the AF447 plane should have followed after the LKP.
Argo Floats, AOML drifters and fishermen buoys May 26 Oh to June 14 2009 24h
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Near Surface Currents in the Equatorial Atlantic simulated
by using INMOM

1997 Jul 1 currents at 10m|[cm/s]
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Near surface
currents averaged
over period from
April to October
1997 derived by
O.Nikitin (SOI) from
drifter data
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Validation of INMOM Currents in 1997 at 10m[cm/s]

Near surface
currents simulated
by INMOM
averaged over the
same period of
1997 have a good
resemblance to
currents derived
by O.Nikitin from
drifter data
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Institute of Numerical Mathematics Ocean Model (INMOM) parameters

1. Integration domain: North Atlantic, 10°S — 60°N on latitude, 98°W — 14°E on longitude
2. Horizontal resolution: 0.16°x0.08° (9.6 nm x 4.8 nm) — 700x875 grid cells.

Vertical resolution: 31 unevenly spaced
o-levels (refined grid in upper layer).

Real atmospheric forcing is from ECMWF
P g Their real distribution is depend on depth

ERA-Interim data with1.5°x1.5° spatial resolution
Vertical levels in meters ( H=3500m)

Air temperature at 2m, 6hr. 1 1,75 17 355,8
Air humidity at 2m,  6hr. 2 5,25 18 436,2
Sea level pressure (SLP), 6hr. 3 8,75 19 529,3
Wind speed at 10m, 6hr. 1 17,5 20 636,6
Sea surface temperature (SST), 6hr. 5 26,25 21 759,7
Downward shortwave radiation, 12hr. 6 35 22 900,7
Downward longwave radiation, 12hr. 7 43,75 23 1061,7
Precipitation, 12hr. 8 52,5 24 12455
9 61,25 25 1454.,8
10 70 26 1693,3
11 84 27 1965,2
12 102,4 28 2275,4
13 136,8 29 2629,7
14 178,3 30 3035,1
15 228 31 3345
16 286,8
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Atlantic Ocean velocities([cm/s])00Z30MAY2006
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Surface currents, 01-04 June 2009

INMOM surface currents, m/s.
Time:00.00 01 Jun 2009
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INMOM surface currents, m/s.

Time:00.00 03 Jun 20
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INMOM surface currents, m/s.
Time:00.00 02 Jun 2009
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Surface currents, 05-08 June 2009

INMOM surface currents, m/s.
Time:00.00 05 Jun 2009
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Surface currents, 09-12 June 2009

INMOM surface currents, m/s.
Time:00.00 09 Jun 2009
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INMOM surface currents, m/s.
Time:00.00 11 Jun 2009
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INMOM surface currents, m/s.
Time:00.00 10 Jun 2009
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INMOM surface currents, m/s.
Time:00.00 12 Jun 2009
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SST modelled vs observed, 01-04 June 2009

SST modelled§shoded) vs observed(contoured), C.
ime:00.00 01 Jun 2009
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SST modelled vs observed, 05-08 June 2009

SST modelled%shoded) vs observed(contoured), C.
ime:00.00 05 Jun 2009
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SST modelled vs observed, 09-12 June 2009

SST modelled(shaded) vs observed(contoured), C.
Time:00.00 09 Jun 2009
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Test 2. Observed and simulated trajectories of AOML buoys 31526 and 31919 at 15m.

Start: 04:25, May 25, end: 04:11 June 24 according to model run period.

Time, days Time, days
' 90 30,00
7 T T 1 T L 30,00 . | IR I I I I I R 29,00
29,00 3 28,00
28,00 85 L | 27,00
end: 04:11 24.06.09 | 27,00 f 26,00
& - d: 04:25-74.06.09 | 20 I 1 ;igg

end: £ .06. " 25,00 y
- 24,00 80 / — 23,00
‘_9’/ 23,00 L end: 04:25 24.06.09 i 22.00
e - 22,00 21,00
21,00 79 |- - 20,00
aoml_31526 20,00 19.00
19,00 i 18,00
4 + _ 18,00 70 | _ 17,00
17,00 16,00
16,00 w I 15,00
© 15,00 — 65| exp8 15m i 14400
= al. B 14,00 3,00
13,00 . 12,00
exp8 15m 12,00 60 a 11,00
i 11,00 "™ end: 04:14 24.06.09 10,00
10,00 3 4 9,000
2 start: 04:25 25.05.09 - it 8,000
8,000 55 I- . 7,000
' L 6,000
e 5,000
) 7 5,000 a0 |- - 04:25 25.05.09 | e
Py | aoml_31919 S04 PR050d 3,000
' 2,000
3,000 45 P T [T AR T (N (T [ 5000

2,000 , .
0 — L ! L | E— 1,000 -34,5 -34,0 -33,5 -33,0 -32,5 -32,0 -31,5 -31,0 -30,5 -30,0 0,000

-30 -29 -28 27 -26 25 -24 -23 0,000
lon
lon

Question is arisen: way is deviation for AOML 31526 to left and for AOML 31919 to right from observed

trajectories?

This deviation is defined by vertical resolution of Ekman spiral with k-parameterization of vertical turbulent
viscosity (Philander&Pakanovsky paramrtrization is used in INMOM).

So there is a contradiction: for AOML 31526 k>k

optr @nd for AOML 31919 k<k,.

Possible explanation may be that a drogue of AOML 31919 was lost.
Oleg Nikitin give real reasons for this suggestion.



Trajectory of AOML buoy 31919 is better simulated by using surface currents from 1m level.

lat

At 1m level _ At 15m level _
Time, da¥s Time, days
9,0 - : T T : T r r T e 90 30,00
! T T T T T T T T 29,00 , T 1 " T © | ° ] ° L 29,00
L - 28,00 L 1 28,00
27,00 27,00
85 - n 26,00 8,5 |- . 26,00
L A 25,00 I _ 25,00
24,00 24,00
8,0 - . 23,00 80 - / - 2300
end: 04:25 24.06.09 i 22,00 end: 04:25 24.06.09 22,00
21,00 21,00
75 |- B 20,00 75 | - 20,00
19,00 19,00
L - 18,00 I 7 18,00
70 | al 17,00 70 |- - 17.00
“ 16,00 i 16,00
5 T 15,00 = i T 15,00
14,00 = 65| i 14,00
6,5 - expa 1m — 13.00 ’ eXpB 15m 13,00
- ! - 12,00 ¥ g 12,83
11
11,00 6,0 | - !
2l e T ] 10,00 end: 04:14 24.06.09 10,00
- 04:14 24.06. ’ A - i 9,000
A d ’ i 9,000 g {
: /—hr 8,000 55 v 8,000
55 . ul ¥ Sl " . ; n 7,000
; 7,000 .
6,000
L 6,000 - .
5,000
5,000 50 |- |
50 - = 4,000 4 | 31919 start: 04:25 26.05.09 s
' aom! 31919 start: 04:25 25.05.09 i I aoml_ | 3,000
L - H ; 2,000
2,000 o b e 1 e T o e 1o 0 e 1 T g
Al 1 1 5 0 o § o b o § o5 s ] 4 1,000 4,5 1.0%0

345 -34,0 -335 -33.0 -32,5 -320 -31,5 -31,0 -30,5 -300 0000 B e e e e

lon
lon



The Global Lagrangian Drifter
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There is no indication on the date of the drogue lost from
the buoy 31919 in the AOML metadatabase as of June 30,
2009:

http://www.aoml.noaa.gov/phod/dac/dirall.html

WMO_ID DROG_OFF_DATE DEATH_CODE MANUFACTURER

31919 0 0 Pacific Gyre
31526 0 0 Clearwater
31548 0 0 Clearwater
31995 0 0 Clearwater
31996 0 0 Clearwater
31998 0 0 Clearwater
DEATH CODES: 0O  =buoy still reporting as of 6-30-2009

Drogue off date = 0 means drogue still attached.

Drogue off date of 1-1-79 indicates we were unable to interpret the drogue status from
the drogue sensor readings.

Drogue off date equal to deployment time means drogue was off since deployment.
Drogue off date equal to ending time, buoy ended with its drogue attached.


http://www.aoml.noaa.gov/phod/dac/dirall.html�

However, according to the report of M.Pazos and S.Dolk there is a doubt that

submergence sensors from the Pacific Gyre manufacturer always are
functioning properly.

Long term comparison of drifters
from four manufacturers deployed

L ]
in 2006
R e S S = =
== _a_——- _'.'*‘T - ':_'_‘ = e
i — -'-.~_-_*.' =8 --:,-—-.._’ =
eSS e o

Presented by: Mayra Pazos, Shaun Dolk
Drifter Data Assembly Center/Drifter Operations Center
Collaborators: Rick Lumpkin, Jessica Redman, Erik Valdes
NOAA/AOML, Miami, Florida
Data Buoy Cooperation Panel, October 15-29, 2007, Jeju, Korea



Observed and simulated trajectories of AOML buoys 31526 and 31919 from test 2 and
additional AOML buoys 31548, 31995, 31996, 31998. Assembled pattern.

Time, days

end: 21:00 24.06.09

fid: 21:00 24.06.09 S

#
60}*_'4{%'24.06.09

6 B2 : aoml_31548 end:04:25-24.06.09

B start: 22:00 15.06.0,

aomlg31526
- start: 16:55 15 .06.09 aoml

-
1
3 L
i i3 start: 17:20 15.06.09
2 L N\\\\\jibg__

lat

start-04:25 25:0509

30,00
1 29,00
28,00
27,00
- 26,00

25,00
1 24,00
23,00
— 22,00
21,00
20,00
19,00
18,00
17,00
16,00
T 15,00
14,00
— 13,00
12,00
4 11,00
10,00
9,000
8,000
7,000
T 6,000
5,000
-] 4,000
3,000
e 2,000
1,000
0,000

-35 -34 -33 -32 -31 -30 -29 -28 -27 -26

lon

Observed trajectories are well simulated when ¢>4°N, and observed trajectories are not so well simulated

when ¢<4°N.



lat

lat

ARGO buoys drift with surface currents to the south of 4N

0’40 I I ' I I
0,35 |- —
0,30 | = |
| end 22:30 30.05.2009
0,25 |- -
argo 1900656
0,20 |- -
N
8 exp8 1m .
- start 11:20 30.05.2009 -
0.10 A I A 1 A 1 . 1 . 1 A
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lat

ARGO buoys drifts are better simulated
with surface currents to the north of 4N
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Observed and simulated trajectories of Fishermen and other drifters from BEA data.
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Comparaison des vents a 10m QuikScat et des analyses du CEP
Météo France, le 7 juillet 2009
retouchée le 12 octobre 2009 (avant mise a disposition sur le site ftp du BEA).
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The data are in good agreement, both modulus and direction. The differences are often interpreted as the
presence of strong convective cells. Anyway, in this case, the model of ECMWF has not sufficient resolution
to properly resolve this phenomenon. It remains to estimate the spatial and temporal influence of these
errors!



Forward drifts of fishermen buoys

Fishermen drifters
thin lines : drift due to HYCOM currents at 10 m
thick points : observed drift
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TEST | consists in modelling the forward drift of the bodies between June 7 and June 17,
assuming that all the bodies drifted from a common position which is the one of the
bodies retrieved on June 6 by the Ventose.

Pure advection under current (no Wind, Coriolis, no Stokes...) is simulated.
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Forward drift of bodies to the north of 4N is better.
Approximately several bodies have closely related trajectories.
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Correction of the INMOM currents is need to the south of 4N.



Observed and simulated trajectories of BP_Buoy246 900400 without (left panel) and with (right

panel) correction.
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Forward (left) and backward (right) drifts without data fitting from MERCATOR
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BODIES

thin lines : drift and backdrift due to hourly HYCOM surface currents
and Stokes drift

thick points : positions of the bodies and the oil layer

Forward
and
backward
drifts of
the

10

bodies 3
from ,
HYCOM 0
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Estimated (optimal interpolation) surface circulation
from IFREMER on June 1 around 12h, with ry = 85 km.
Vectors are shown as daily displacements. Surface
buoys trajectories over 24h on June 1 2009 with
positions every 6h,starting at the triangle symbol.
Although the agreement is very good close to the data,
there may be small scale structures not resolved in this
kind of analysis.

Red curves give the simulated trajectories
(from June 1 Oh to June 9 12h UTC) of
buoys #42, #92, #246 and #27045. Small
blue dots every day at Oh UTC. 24h
equivalent Argo displacements are also
OPTIMAL INTERPOLATION 1 m daily displacements on 2009 June 01 given.

Forward drift from June 1 Oh to June 9 2009 12h
31°W




Second type of correction of currents is based on using Optimal Estimated currents
from Michel Ollitrault.
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The forward drift of the bodies by corrected

currents between June 7 and June 9
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The backward drift of the bodies by corrected

currents between June 9 and June 1

45 : ,

o\
40 \?‘” J

3.5

lat

30 *

03:00 01.06.09

2 5 1 | 1 | 1 |

315 -31.0 30,5 -30,0
lon

Mean currents are Optimal Estimated currents from Michel Ollitrault.
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AOML and FISHERMEN BUOYS
thin lines : drift due to HYCOM daily surface currents
thick points : observed drift
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AOML and FISHERMEN BUOYS
thin lines : drift due to PSY2AVG_datafitted surface currents
thick points : observed drift
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The forward drift of the bodies by corrected

currents between June 7 and June 9

4,5

lat

S

3,5 . L

17:15 17.06.09

17.06.09
16.06.09
15.06.09

14.06.09

13.06.09
- . 12.06.09
11.06.09

10.06.09

09.06.09
07.06.09

09:30 07.06.08

31,0 30,5
lon

-30,0

The backward drift of the bodies by corrected

currents between June 9 and June 1
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Mean currents are Optimal Estimated currents from Michel Ollitrault.
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BODIES and DEBRIS

HYCOM daily currents plus windage
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Observed and simulated trajectories of BP_Buoy246 900400 without (left panel) and with (right

panel) correction.

lat

lat

lat

5,5
5,0
4,5
4,0
3,5
3,0
2,5

2,0

6:00 15.06.09

— 6

BP_Buoy246_900400

7
2

6:00 12.06.09
6.:00 10.06.09

6:00 11.06.09
6:00 09.06.09

- 6:00 08.06.09
6:00 07.06.09

:00 06.06.09

6:00 05.06.09

'\_L.g‘ 6:00 04.

| 6:0001.06.09

P B |

06.09

6:00 03.06.09
6:00 02.06.09

1 l 1 l 1 l 1 l 1

-31,5-31,0-30,5-30,0-29,5-29,0-28,5-28,0

lon

6:00 01.06.09

Forward and backward drift of all bodies from Table 1 after correction

6:00 15.06.09
5.5 T I T I T I T I T I T I T
50 —
i BP_Buoy246 900400 |
,.‘
45 - oW -
- - =
6:00 12.06.09
40 6:00 10.06.09 -l
! 6:00 11.06.09
\ 6:00 09.06.09
35| \ \ \ b ol I
\ \\ X \-
oS N = 6:00 08.06.09 -
" "« " 6:0007.06.09
3,0 6:00 06.06.09 -
6:00 05.06.09
. S 6:0004.06.09 q
2 5 6:00 03.06.09
) 6:00 02.06.09 il
| 6:0001.06.09 4
2 0 1 1 1 1 1 1 1 1 1 1 1 1 1
-31,5-31,0-30,5-30,0-29,5-29,0-28,5-28,0
6:00 01.06.09
lon
6.0 T T T T T
| 17:1517.06.00
17.06.09
55 | 2] . 16.06.09
15.06.09
14.08.09
50 |
Wi 13.06.00
B/
.ﬂf . 12.06.09
45 { WP é 11.06.09
10.06.09
1 09.06.09
40 -1 .osoaag
1 os30 07,06.090? 06.09
35 ] | 1 |

‘315

-31,0

-30,5

-30,0
lon

-29,5

-29,0

17:1517.06.09

6,0 — T . I — 17.06.09
i 16.06.09
55| i 15.06.09
14.06.09
13.06.09

50 |- -
12.06.09
11.06.09
45 | \ 7 10.06.09
ﬁ,‘_ E . 09.06.09
40| o\ i 08.06.09

I |

/48 I 07.06.09
35 | _ 06.06.09
05.06.08
04.06.09

30 =
03.06.09
03:00 01.06.09 02.06.09
25 L [ [ [ —

-325 -320 -315 -310 -305 -300 -295 -29,030001.06.00

lon



BUREAU D’ENQUETES ET D’ANALYSES POUR
LA SECURITE DE LAVIATION CIVILE

Scientific Report from the Drift Group

=

PUTE R - : Lo, S i = — 4000 4o,

i : L 3o
3 M &N :
o ?\‘.’{Bﬁ.""’ 19 Y% o+ TP @
e ‘v '
45 ,
K}E\/ \j\.‘ 5 (_,J\“ | o %
\ b R
-\_/""J‘\_’\\ b oy |_\\/ )lf
% a1ow 30 : 2w o

ObpaTHbIN NepeHoC 0bHaAPYHKEHHbIX

nocne Katactpodbl TN MO MOAENN
INMOM

6,0 T | T T T T T T T T T T

55

50 |

45

40k

35 |

3,0 |-

03:00 01.06.09

2]5 1 | L 1 L 1 | 1 1 |

'32,5 '32,0 '31 ,5 '31 ,0 '30,5 '30,0 '29,5 ‘29,(}]3:00 01.06.09

lon

17:15 17.06.09

17.06.09

16.06.09

15.06.09

14.06.09

13.06.09

12.06.09

11.06.09

10.06.09
09.06.09

08.06.09

07.06.09

06.06.09

05.06.09

04.06.09

03.06.09

02.06.09

01.06.09



BbiBOObI

OcHoBHag npobriema BMxpepaspeLuarouero mogenmposanus umpkynaunm CesepHon ATNaHTUKK C
nomoLubio INMOM — 31O BOCnpou3BeLeHME MECTOMNONOXEHUA oTpbiBa [onbdcTpruma.

KauecTBO BOCnponsBeneHUs pearbHbIX farpaHXxesbix Tpaektopun B mogenun INMOM B
aKBaTOpmanbHOM ATNaHTUKE He yCTynaeT BeaywmMm 3apyOeXHbIM MOOESSIM.

CylwecTtByeT npobnema yxyaweHusi BOCNpon3BeaeHnd nonemn tTedeHnin toxxHee 4°N, kotopas,
OLHaKO, MOXET ObITb 00yCrioBfieHa Ka4eCTBOM BETPOBOIO MNosis.



Meridional heat transport [PW]

MepuanoHanbHbIM nepeHoc Tenna TedeHnamm (MIMNT): a) — ns (DYNAMO Group,
1997) (onsa curma—monenun (nyHKTMp)) n 6) — paccynTaHHbIM 4N4A nocriegHero roga
NHTErpnpoBaHNs Hallen moaenu (CriowHas nuHus). NpmneeaeHbl Takke OLEHKN Mo
HabntogeHnacm (Macdonald, Wunsch, 1996) c nosBeputenbHbIMU MHTEPBaNamMmu.
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Figure 4.11: Northward transport of heat in all three models.
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IlpuMep cuMMeTpU3aAllud YPABHEHU M

e /IuBepreHTHAS U CHAMMETPU30BAHHAA (POPMYJIHPOBKA

5_2 = gzlzp ( ’ w)
T @n=tl) (-w)




aN

TpaekTopus YacTuubl B LMKNOHe. U — NOCTOSAHHAA CKOpOCTb, aN — LeHTpOoCTpeMUTeNbHOE
YCKOPEHNE B CEBEPHON TOYKE, aS — B HOXXHOWN TOYKE.
aS>aN Bcnefgcrtsum B-adcekra.



[opu3oHTanbHbIE CKOPOCTU (B cMm/c) B obnacTtu Nonbdctpuma BepTukanbHble pa3pesbl Boons 57°W ana 3oHanbHOM CKOPOCTU

Ha rny6ure 10 MeTpoB nony4eHHbIe B 0 — MoAenu Ha (uBeTOBas packpacka (CmM/c)) 1 NNOTHOCTM (Cy) B obrnacTy
10, 20, 30, 40, 50 1 60-e cyTkn pacyera. FonbdcTpumMa Ao ry6uHbl 1000M, NONyYeHHbIe B G-MOAENM Ha
10, 20, 30, 40, 50 n 60-e cyTkn pacyeta

10 Day
ba AN il ! ~r~12

,u 4

e
\ ‘

N

"
¥
”(13 flhm y§

i
§ Ny

, g v

s a” W}Mv

N
75W 70W 85W BOW 55W 5OW 45W  40W75W  70W  65W  BOW 55W 50W 45W 40V

— N e

5 10 25 k1% 50 5 10 g k4= BN

1000
34N 35N 36N 37N 38N 39N 40N 41N 42N 434N 35N 36N 3/N 38N 39N 40N 41N 42N 43D




I'Ipwmep ny4ykKa TpaeKTOpMIZ BO3AYLWHbIX YaCTwuL,
TpaekTopHas moaenb Ha4vNHaLWNXCA Hag HOpVIﬂbCKOM

MeTtoa PyHre-KyTTbl 4-ro nopsgka ¢ nMMHeNHbIM
WHTEPNOSIMPOBaHMEM MO MPOCTPAHCTBY U
BpeMEHU AaHHbIX METEOPOSIOrMYECKOro aHanmaa.
(ECMWEF, NCEP, JCDAS)

’(+A’(

At+At) = A(t) + j (’1 (/) t) 90
60 - S
1 50;
o(t+At) = p(t) + = j v(4, @, t)dt f
a 3 40
A ¢ - gonroTa v WKPOTa, U,V — 30HanbHas 1 30 130
MepuanoHanbHas CKOpoCTU BETpa, a — paanyc 20.] )
3emnn. ] E
104 \
Ans n3bexaHnss HETOYHOCTEeN BOMM3M MOMCcoB 0180 | L0
Ans wupoT, npesbiwatowmx 70N n — 70S, 10 \ "
UHTErpupoBaHne NPOon3BOANTCA B EKapTOBOW ]
cucteme koopauHar. Tpaektopum 20 /
paccuMTbIBanuUCh ¢ Wwarom 15 MuHyT. TOYHOCTb 30| \330
TpaeKkTopun Npu pacyéTe ¢ Taknm warom cnabo 40
3aBUCUT OT NopsaKa PasHOCTHOM CXeMbl ]
nHTerpuposaHms. OLLINOKN B OCHOBHOM 50+
onpeaensTCA HETOYHOCTbIO UCXOAHBIX AaHHbIX, 60 -

NX NPOCTPaAHCTBEHHBIM U BPEMEHHbIM 210

pa3peLlleHnem, a Takke meToaom
MHTEepnonnpoBaHnA.

Mogernb No3BoNgeT paccyYnTbIBaTb NPAMbIE U

Hoz[p06Hee C MOACJIBIO MOKXHO O3HAKOMHUTBHCA B CTATHEC:
Lukyanov A., Nakane H., and Yushkov V. Lagrangian estimations of ozone loss in the core and edge region of the arctic
polar vortex 1995/1996: Model results and observations J. Atmos. Chemistry, v.44, N2, 191-210, 2003
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