Origin of the mesoscale eddies and year-to-year changes of the
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In the post-spring-bloom period (July-September), the high primary production
values in the Okhotsk Sea are commonly confined to dynamically active zone,
where nutrients are supplied to the upper mixed layer. Strong tidal mixing in the
Kuril straits area augment nutrients in the euphotic zone, and submesoscale and
mesoscale eddies transport high-nutrient coastal waters into pelagic part of the
Okhotsk Sea. We demonstrate that mesoscale eddies originating in the Kuril
Basin are related to the baroclinic waves coming from the Pacific Ocean into the
Okhotsk Sea through the Kuril Straits. There is a strong relationship between the
wind stress curl in the northern North Pacific in winter and the eddy dynamics in
the Okhotsk Sea. Increased wind stress curl results in enhanced mesoscale eddy
activity and high chlorophyll concentration in the Okhotsk Sea in late summer
and fall with 1- year lag.
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Multi-Satellite tracks Jan 01-07 2004
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Historical Multi-Satellite Along Track Jan 3 2004  Historical Multi-Satellite Along Track Jan 6 2004
146 E Jas 150E 152E 154E 146 E 148 E 150 E 152E 154 E
50N 1 1 7 i T ‘ i v 3 50Nsp M ! 4 : ! L ) 50N
1,/ E \\ r 4 I "\
Y 2 z \ ! { ) ] ‘
I U4 2 . I~ ] 1 .
i) . : \k ! L
'I ¥ Iy /] I
J k B ARV / ! /J
48 N A J‘\\\ '- " ,’\\ 48 MNag N 4 " " » L 4B N
1] 1/ h 1
3 \
l( ] 1/ i" / \ 1,
\" 4 / l(\ 1
46N | k / ,I’l .'I - 46 Nag N 'l \\ / 'l _ L 46N
\ / E
E ﬂ‘ ] \ I £
; ¥ N ) TARNY oo I
146 E 148 E 150 E 152 154 E

146 E 148 E 150 E 152 E 154 E




2010.21-2010.26

2010.30-2010.34
2010.38-2010.42

2010.44-2010.51,

2010.53-2010.57,
2010.61-2010.67




48.0

47.5

470
Bussol Str.
46 5
460 .
| T T T
“50.0 1505 157 1515 152 ¢ 152 5 153.0



. Pacifilc Ocean

20 OkthSk SQa 2004 00 20040 aC I 5 | A 2004.:06-2004.09

15 ‘ ‘ 2004 05420 40 " 0  450-46.2°N | s 2‘004 4.00-2004.04

10 g . — 5 800 oo
§ 9 A 0 Wé;ﬁﬁ?é?&é}g
- N 5 &
n -5 & %A :

'10 : X,‘ T‘\ : : |

-15j LS + | B s

149 150 151 Jvlz 153 154 155 E 158 160 162 E
%%h%tssgo%%s Pacific Ocean
"4 \§2004 .30- 2004 34 20 .25- 2004 28 | |

Ay ;k ;»{ 20 Okhokskaea - Pacific Ocean
: SIS 'y

e 2010,57-2010. 67,
. 15 ‘53 ~_ 2010.50-2010. 55,

£10 B L\. ol i 201044201048
/l/'/' AVARS \ - o = : =
(.7')‘ 5 Xy/x/' 6///?{ \g.\gl\& >¢/‘ B -§:0\:\%§§:§v’e
7\/,)(// y/ | /) <& :\’ .'- ‘K\ ~ ‘
149 150 151 J\/L 153 154 155 E 0 L RN ANeE
Okhotsk Sea ‘ Pacific Ocea 5 & | | T Pamat |

~,2004.63- 2004 67 | ‘

n -

ok A 24004 572%914561120014 s 149 150 151 152 153 154 155 E
£ g e SRS | =

© & w S

g0 | | ; 3

N -5 Y 3 Ha | :

10 S A R £ R N

-15 \ \ \ r I I \




2004.13-2004.17,
XS 2004.21-2004.29,
A 2004.29-2004.32,
2004.38-2004.44

43 == Y

149 150 151 152 153
c=olk= -B/(x° + Rp™), (x=27/2X)

Charotrop.= 1.6-3.6 cm s, (Rp = J/gh - /", Ax =2-310° m)

Coaroclin. = 0.3-0.8 cm s (Rp = JJghe - /%, Ap-p =10, h,=200 -500 m)
¢ = ol = fH'oH/oy/(k*+ Rp®), H'0H/oy= 2-5:10°m, Ax =3-10°m,
Ro =1.4- 2.2-10*m, Cparor. = 5-10 M S™, Cparoc= 0.4-2.5m s



Ice extent

March 2010

March 2004




1cm sec-1 ZQFO
) — v
N 2o spripg
X A | ¢
A‘X A\ Nto N \
Aéaln;. N
ﬁl‘\\x\\ ‘V‘
SN NS 5 =
NSin7/ P S
%1 Y
145 146 147 148 149 150 151 152
. | 2002
11
7/ \
1'ITI 1_\
N y ) N
SLA, ,,6/)3 &
/ -
cm 3; 9‘1}”
_6 b
o fall_& 4
| o/
-12 SQUITTITEIET
-15
145 146 147 148 149 150 151 152

c=olk= -BI(* + Rp?), (xk=27/1x)
Cbarotrop_: 1.6-3.6 cm S_l, (RD = \/g—h 'fl, AX =2-3 105 m)
Charoctin. = 0.3-0.8 cm s (Rp = .Jghe - /%, A4p-p =107, h.=200 -500 m)



Zonal wind stress (t,), N m
A L T, . NO&A/ESRL Physical Sciunl:us Division

170€ 1E4Q 1700 16804 1500 1404 1200
Noy to Mar: 2002 to 2010
—_ 46-48°N,165°E-170°W _ 44-46°N,165°E-170°W
At =1, Ty



Correlation between (t, 46-48"N,I65°E-170°W ¢ _44-46°N,165°E-170°W ) (November —
March, 1-year lagged) and SL (monthly averaged, July, August, September)
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Correlation between (t, 46-48°N.165°E-170°W . g 44-46°N,165°E-170°W
(November-March, 1-year lagged) and satellite chlorophyll-a
concentration (August-September, 1997-2010)

0.80

0.75

0.70

0.65

0.60

0.55

0.50

- il I I
144 146 148 150 152 154 156



ATX:TX 46-48°N,165°E-170°W _ T, 44-46°N,165°E-170°W (November_March), 1_year |agged

514 July, August 48.0°N, 143.7°E 0.05
210 E
= ° =
S0.6 40.03 £
° ,
G 0.2 | | | 46.4°N, 146 4°F7
1997 1999 2001 2003 2005 2007 2009 001
2% September Y 177N, 15140
320 1 VAR 0.05N
s 15 | 47.8°N, 143.6°E y fi g
Ql 0 % /%-79003 E
o 0.5 - SO
O 0.0 48 .0°N 4°
097 1999 2001 2003 2005 2007 2009 0.01
Year

ATX:TX 46-48°N,165°E-170°W _ T, 44-46°N,165°E-170°W (November_March), 1_year |agged



SLA 2004 - SLA 2003,cm
July, August

N
o1

N
o

= =
lor.-a 2004 - Chlor.-a 2003, ug/l
August-September

©
oo

45 ‘ | | | 0.4
144 146 148 150 152 154 156 E

h

C



SLA 2004 SLA 2003, cm -

~ Jufy-September -~

N




MODIS SST September 10 2003 MODIS SST September 15 2004

Ly " 1401 1
o - -y RO - -

Terpeniya
Bay




Chlorophyll-a, ug/I C Chlorophyll September 2004 —

September 2003; September 2004 C Chlorophyll September 2003, ug/I
52

46

T | [
146 142 143 144 145 146



Summary

The mesoscale eddies originating in the Kuril Basin are related to
the baroclinic waves coming from the Pacific Ocean into the
Okhotsk Sea through the Kuril Straits.

There is a strong relationship between the wind stress curl in the
northern North Pacific in winter and the eddy dynamics in the
Okhotsk Sea.

Increased wind stress curl results in enhanced mesoscale eddy
activity and high chlorophyll concentration in the Okhotsk Sea in
late summer and fall with 1- year lag.



