BSPE22660-032-12

AUATH ol FAY BE P AF
Planning study

on better use of the global trajectory

of a research icebreaker

2024. 2. 29.

gt sl Yt ot & 9
FAIA AT



—_
o

~0

<
B/

fr—

Mr

A HZEIHNE ASFYH

S

el

A o)5HA 28

EEE

B EIANE Y

2024. 2. 29.

I

—_—

<A

Z

a4

Fod T

Mo R B %o Tm
T B Ao & Mo ol

"R A

X

e2)

RN

AL
0°

N

pu—

el

o o
N



A+

- AR

5

AR A
o

2022.12.01.~2023.09.30
VSEA

NG
AP712t

0

KK

PE22660
AlFAE

ECEELE

A
A}ol
AL LA

o o —
LR ol oL wr o o
) iy = ol W0 or Ho &P ol T
= =  of H 8 go | & =
wE F pmenlgd® =@
o T° H_E_uﬂNI]_n__ A o=
ks G o = &0 U = T o ™~
o D T qw% A T X g s < mo @
O Lo X e N ﬂ[ﬂx_m_‘71_loM_:_|u_.Ldﬂ_
e ﬂﬂl‘._l_.:._mMJIDPEﬂUl.mI;O.A_IMQ ©
ﬁwn_.AT ._ﬂ0| B ~X B 71_ o = = OLO OAE i)
2B e Bt D DWW oo
ook T R e ol X o o i &
— oy BV sz Mo o O QR rE S
— & L — Wée_/]._ﬂ_‘q,mulz
G e woo e 2
= Wﬂ.:oim.ogeaod%go%ﬂurﬂml
,D.\_H_ .__QlLILI__Mn_..uDlu\__AuO,a.O Hﬂlxmmollp
& It N DNE _ s m e T w
= & so i BV el op frl 2 o T an
%g.mmquﬂﬁ%m%ﬁﬂwﬂmWi
op B N e sl G < T mo %Ll. S T
oy & &% = oo B o il
Or|.| —_— q = — _— —
Dozn g X o - o KT D of N ©°
BO Bo o B° ﬂxoﬂlo?@ﬁqu%ﬂ_‘mwmmomLﬁ
32 m_xmmeGlAﬂmmo HﬂupLﬂA_Tmﬂmm
—=° 5 ar RIS g < e 5 5 TS =
— B .. _A_‘J.oll,m_ulla_él - 0o o N —= K° T
e R0 | e EE Y ) o o mm fo vllr T Zo 2 =
o} 3 g o & B o %o IR Ll
_aowﬂl [EEA %47&@@4?@}@3_2 Ko T
of N | o = i o — wir i <0 5 wE ny n.rﬁn_AJH
< Jumm %ﬂaoﬂow‘&_.mﬂoﬁiEi_u%o_ﬂui
nﬂwﬁ M.ﬁﬂ_‘W xﬂﬁjﬂﬂﬂhmuu%w%m_ﬁommq@wmﬂa_e
P LTB T g umER s bR
s <©° < = W oliE = H © — o K (=)
o O 7| S T o = = ol B N &1 = oy o
w4 3 Ho =p g D BN T A o b mo g o
o % | T LW o S
& qr < BUE LA g O T oo Y«
K K of 1 ofr iﬂ/l‘_wﬂﬂ B < ol
ol _.__.ﬂ. o= T oH oo TR A E oMW oy el
Bol - | Bo %lo_L%ﬁmomﬂu%mjmaﬁ@M&n_nl
<! L g = BT w TR e 2 e o ey
T % leﬂe._E:‘ i ) ol o e o% o ~
30| B Klo POH o] o A 1 = W < K o
w| SoHEdbamc s B= 4 g
L R O B O N B TR M = i
— | oy S W — <k wol P E s T oju
Y D T T R ol L=
o0 |F o || B T & o K o N oy a2 T ™
RN o M| & TR ORC D B o BB T m g ol Z o< g
Il e NS of T T ouomo U “Ar o T oo N o)
B4 |B || oF | o T KD o W B Ar <k o)k o T ok T T AT S

long term data,

trajectory, underway observation,

icebreaker,
public data, education and training

research

]

[e]

o

(7 574 ol




. Al

S
T

M = K X
= o T ﬂﬁ 4
el e
~ oy 1o O_E n_mo Mwun_
2o o ~ ¥ el
(i e R ol — !
G N iy
=/ N ~ .
O_u| J_,nl_H oF LOI mA.O < ]Auu_ — 1D|
_IH_ L = ,_/I.._ = z ! % ,mor
_ o N X | ol i Ao
5K KT o ~— m OF o K ~ <
ar S w K ir <k = Kb ok o Thy o i
%E_Elﬂ B X T =
o TS o B =X "3 o X o0
A | CRNONN = &3 T oo T o=
ﬂwumﬂﬂ%_é g ® Bz — oo O o 5 M
Ho Ml ~ :._ 160 o[ B Ml T ok — ©) KD <D
]e._]]oAyLl - B B ATJ.E
3 <~ © N u zs © T K
woH P o 2 " clT o T
ol&ﬂ_eﬂ 5 o O o T N E
X oh G ¥ o <+ © T = h Sk
= <0 o] — o e KD T ) my
I Eogof F m;fﬂl o & i
B © O mqﬂkﬂ éli ~ z B! 0
o o o] =~ ~— oK K T o T T \_E |4 o ol
~ O._ o) o T KO — K S W E_u 1 et
n P T BT gég?%gﬁ of < i
0 - Wl = 2 —_ L) 0| "= R Kr
oK A}iﬂﬁ K- 4ﬂ§‘x( o
on_ _:_l o e o | _11_ = i = r 0_1_ o o
o ® — %ﬁ% oﬂ‘_o%_nﬂ bz 2
5o @qugw %mlaﬂowg W LY
" ) u_wuuﬁ%l? WTmLmeL_LH_x_OLf ﬂ%?
T = %umm__omﬁ}o_ B 5 o W
o o2 E %qou__a o 1 %%%Eo o_ﬂm__ %mw_a_.
o 10 110 —_— ﬂAlO ° .AO ~ i4n . f
- or oax%gﬂ 50 Yo Ao%%qi}oﬂ
< o L._re > ™ Bl <O T Gl T oT fotd i ﬂo o
<R o0 ﬂ%;ﬂ #r iﬂa%meee%ﬂ%@x%
B - = 1T = . oo + ol hrks N ~ ofn 750
= ~ K oI oF B s cl RI: R = |
0 B = o A 4D o3 = my sy o n ol = . W o o K
k2 = T+ — o% T K Al %o o olo KO ooe N I
= a il : = h e © 5 R
O RN RO ~ e 3T oo - o ik g e
Hﬂn& Mu- Q%mmﬁﬁ@ﬂﬂma%eﬁ
o ! _— [l = - O
B @@MW%Q%&HE%
o o N %0 =~ = - ‘Bo o 3]
= 1&%&_w§mﬂ%%ﬂa
e > H w0 op R_. o ,mm o o
i G+ T o MR <k o
O o T of T g
o ! o Mﬁ < ol o
o i T
O Ko o%

[e)

PAES

DN
A oolzx

ojmlA]
lzo] =
7]

SAU7IAL



O A9 ol sd R4 S¥sial dEo = Fojujsh At

AxAE Bo) 2EoNBe O oS

- @ FAIAA snap shot HYF A7 AN BES} FaS BolZE, An
2= x]2]st(biogeography)d <+, 7P W2 At Gu7F YeRgle 4%

- A35Ats Alsd A A2 45 validation 8%9] A& ground-truth data
xSk

- =25 A4 BEY A% Soldy 79 A% BAWSY (o, oligotrophic gyre)

- ZA/AF wY A7 FA) ALR Fxo] J|uket 249 4F apot

- oAl £F AAE AT O 15 3 ojo] Roly

3.2

O Aelste Al 2R ol e
FEf 2 Qi d= ‘:01 2012
ol &3l o] &= U

O olE UE Qo F&of wet ~10719] FAl (=

O 7-899] SClg oh& w0l & et (Ga
and Rhee 2015, Park € 2020)

BS BEE AAIE s
5 2016, Kim 2017, Park

Lﬂn
r
il
o
ad

o|n
)
(=
[
0o
5

Mg =71 d77iEArG ol

FRSIL 2 71048 T 497t 53 AT EIYAAT 239 AN, BIER
u

i
Am
1
)
h)
1
‘0
=
»
Q
-4
2
Q
/8,
o iy
£
r o
rol
(oh
4o
H1
2
|o
=

3.3 A3tA TJ50F wHat Huto] AJAA

O 43 AElE 2AVIAIY dol2E BE 5 AbSe e BEA A% WHOY AR
2R ARl TEod YWl ATt FF U8 4o BYW e Sy HA
glol EF40 o2 My Ui UES 2Ll of2isbal o2t gl
XCTD = u

nderway CTD §9] tjj¢te] HQsict.
O stel WY et Y & A
Zolc}
O QoA Agst tid =7HA7REAIE Y] v 7R A A|¥o] 2 aats ARG
3.4 SA|AL4LS] DaDiS (Data Distribution System) At& At

re
-4
r ©
1o
m
zS
=
ox,
i)
2
i
o)
n
Jo
i)
rOl‘
N
for
)
!

O £ 98 330 (4 AY AX|o EAMEthermosalinograph, fluorometer), 7|AMXl &,
ARt 718

O FA /x5 75 HaE]o] 9l o1} validation/verification =2 Q3F 71

O @7a 293 AY QP ol A2 sbsetal go, obalztal axolut A &siA
8¢ 42 A9 g

xolihete A FA(pCOz): A4 7IeAdA 7t AJY Al Afg B2 E|of Qlout



L

-

Q

I
719

]_

fEY

S

L

-

CO, AlA 12
i KIEHZF_.7] H]’E}
| o]&sts] 7R 9]

L

e 74l 87t
=]

go0] 7}l
HL_ ﬁ__[LX]»Oﬂﬂ‘I E||—:!_73]K] ]\]_EH

AJRT THA o] A

o

. A are] Ax}t

O Aolkx A

A
__ﬂ.: LI
K 7T N
B £ < o B
T B e LR
m_ﬂlmﬂ ,M_.U.mEOE_. i N e_@___AT B
KT o5 = 7P CE o T ol
o = +o% Mg ™ L =
N Al SN < o ofo — ol o
a_eﬂﬂ %A_.ﬂj_moi.aTﬂa._M_LA,ﬂ mmﬁoiﬂwm._ﬂ
1u.t1__/x }a;_._x__.mﬂﬂﬂdﬁ < Z Rﬂﬁ_llxe]ﬂo
[ ) Ko o) o K Il Qe oop = o - T
% o B KD ww - N %o <F mn_ﬁ = P o o M Th Al W_M T mo
R~ %0 wr o BK o IF _— < D o3~ r
_1_ 1o /= L / —_— _/1_
B o %EQEQMMH%%@M wuakém%
B BN H]_Unmo__}a,ﬂjrﬂ T =z o ﬁﬂm.%ﬁ_}eﬂ%
W o o Maoomﬂwmomvﬁﬂmeﬁi ﬁc._;'_mlqm7
o TR oﬂzo_amﬁt%ﬂ@mﬁ%mﬂ e ST T
e T AN T - ms oo _ﬂo Ly UE 3 T MW G A T ok
oju To e ] mu go N mm ol i© o H K ™ W o N _mn ) o <
5 2R @%%QV%%MP%%% w_lﬂﬁ__}%ao}e
Aﬂlﬂl ] ﬂw_q_m_.nklﬂ.?:._wx A_._,_ ‘mlL«_ogeﬂ_:TMﬂmm
- oy = o ol o K- roﬂ Iy W_L H,__| o ik o 5y rr Bl o <°
__}%aﬁuw i_.:_eﬂe__.a&]mucﬂ%xﬁ_e _ﬁ_w_w_w_e_e.ﬂhﬁﬁ_u
0 o) . %mﬂmomw moatlaTA_.mﬂ% ﬂ%ﬂmﬂﬂ@o_e
_,T_iume o_EAoL y ™ mo ﬂ_ormﬂmmeet_io ﬂulOMA_.:Unuu
_.:_E ul} 100 _l__l 1__\_ _\_ 160 1n_vl_ o A,._ _r,.‘O Or.: __A_._.: _v_v_ o 0_1_ ﬂx _LO A_l > = _’_
H_.xi H:mcx_.@ukx%ﬂgﬁ}oaoh or — X° e o
oy o W X g B D < o o 2
JHﬁ_ﬁ DHEEEE R < &8 w© o X s %q_ﬁmoﬂﬁw A
o~ — 5 | © .H_1_ ! ~r = :
el yWﬁWﬁmﬂﬂ%wwm wﬁg%M%ﬁ
! K
%_;Tfr %ﬂmo%o 1&%?]%_@ ﬂo_n_o_Lo_E_._nATol
F & | B o oo T R CUI o i
o o e iR 5o P RS zr X O ol
T Kr o i =
Tuy %ian%ngﬁagm rIgB9E L
ulw W o n_M q__moo Ko ®o B B 3l E {p© o T E < o =
H]].x —; TP o ,_Alm]ﬂrﬂ, q]mtﬂ_’
%mwewi_; cEsET TS = LT R
5zwg5%m§gwga¢q%u SRS E R
B _H_T_ S ﬂMl LlO — - 1U| L = ..A_._._ )AL L_O __Ll m _11_ _O_l
]U|| q X r EE n __01_ - 1o __OH - | _._-_._
O ﬁeﬂ__mawnme“mgl%% 1.7ﬂ}€u%o_
_AaﬂoWW%ﬂm@Q%P%ﬂ@
O o% ~ i DO = Sy g e _Ml
= T % T Ho mr
O < KT o
o



#]24319] Donut Hole 72 WA ZAAI4 o] 2ol4 19 5 202 wAs}w
OJ5H2 4 WA YR WA JIKS APAZI0 A P a2 ool 4
it AFEE UL 7150l Eo ol

MY HALAO] o]z AL &8st= mg T3S SJsh & 9l 2 ASH51A
Solre shfe] FRo7E olYi MEAE Ty 4 rk AR A o
2ol7le} 7120] Qubn A Yo

AP ALALE W2 ofPlol BolE 54—3

AR 2 1o] A0l & 4 9lck
o] Ch A4 7 Ho] A mA) 2024-2026 3ol oS



Al 1A A7id A9 7He

g AR RN QR

o0

B
e
iofJ

oF
e

39 Al mA}

478 APHARY Ao

gt 718 AP An B



Al 1A 718 FAY e

O AA Qe Folshe AYATH ol F Aol ABY 4 Ut AL sgE 2

[e] L (o] = A a = —]_—7-
o] F®5| eI olck. ATY| APHAWatet EA WSS £A PA|shr] 2
S sl 3] BSAasl Y. A4 HEa a5 Aold 4 gk
P BLE, ol BFALEY AT Bt
el Polz £ 4 Yt
O olo] EAfskE £4 el (o AMT) J2]3 A2 of2] sjel7l¢elA olstn ol
SAF =L 9k,

x 0] A9l LH S o] 8t TAY Fh ma I AMTO] 79 199540] A|&tg] o]
719] 305101] IPhe GARS ZaL len 707 o]4fe] sheabgAle Al¥skal 400H

23 st :

O °}$7} °}H$ 04%“1 *}% 175 ol s 2ol FIHAS Higsly] oje o3 =27, A&
9o AYATA ot AE BARE o J|sjo] F2Pn ol
TR 2w Z2 W F st HA2S ARA olfz AzEc

O 25% AFA0A] &S 30| O‘Mxl”} At Aol ZHEAIQl gfo] Qlon] thEs|

!F‘Qﬂl 49- k)

O @arlgel Axe A Sal ARAol e slel Al 2eet R, Jeln RA)



&}

Algatel

A Az

+

__Oﬁ

che

—

ol

T
ol

)

1
o

AL Abe s 7

E R E

g &

i

/A= case)

]|

__A_O

K

b1 B dEE (HE)

2/

SRR

Draft proposal 7

51

%392 9

t
o



1_.,,_..ﬂ
T

oK

MEEALe} QIE Y

AT

ar

A3t T5

A gol A7 Fhe

Alof 8]

ool ATt E 5

shche

9

o
__A__l

=e
Tor

=T

%P
KO

B

B84

710l A9

1
| .

5

5 A7

W5, Hy 1do] 18]-23]

olm

o%

B

—_—
1o

—_—

<
ol

—_—
1o

.m_.o
i d

i
o

J)

110
Jlo

—_
S
Thy

ol

et A= F g aclold

i

E]

J)J
0%

‘gEAH7E ofn]

g A

= aopd 2 A A4 2 9

ol

SPTYAME ofefel

4 olt.

Fod A=<

S A 2ofs

2N
<N
A

gesstel At o w9l 3
A

1.1 o715} AQte] @ot

F= Bl

S

£8}

FaL, dlo]Efgo]

9}

gaots 7S Als

_~—
;o.._

ojulA] Rtmo <A

ZA71A,

[s1S|
=N

). ti7i 3(% 2)

A AbRO) B8-S A

st
=1

(S, C, P, I O

230 det

3, 5

Tor

o7

8°

oju

ol
o

__A_ r
2
pal

<|o



Al 3 2. AR 2=AF

qEAQ A3AM olz4dE &8 7] Y I AFGS AMTO] gisiAl= of 10d0] Al'gd
djotct L FA|F Adab Sofl dis 34 FEY =22 64 A dHA™ AY (Rees &
2015, Robinson 5 2006). A4 ofYX|gt 5 22 F2& vtEAog R3Pst= 47|
oo wEGH] d5S stue] AJAF Qo] Eof dR|st= 2 £2 WI|UF & &
A ¥ oyt AT £ Qv BEAEAL ZEE 0 T} (Macovel 5 2021, Petersen 5
2023). A9} Zol7} 180]E o 2utgt W0 9EJUX|TE Tara expedition HA] o2 A}
= TalistHA Fst A& LA gisl| 71x] e Tggst S Ates
SRS Eofjutct AlJAAsE 2A1E Bt AXEom HiA|gE AEGAS LS
Aol AAFSHA] e Y olsdAS 8ol 25 Aleg SASH: HE5Z=80=
Ate]ojdstal it} (Planes & 2023, Sunagawa = 2020). 22 A2 Hg&EE 7]& 5
AT o]l sHA Fallof A= 8T 7HX7F Jlon] g7 DNAZE ©@AlQl of7f = Ziojtt,
A AL g0 Fotol= DNA 7o e [JAX §54& A5k Aoz As A B0
Yt FHOAN = B O #9882 7Hss she g7 DNAQ] B2 ARl 7=
R7doldet. g7 7o) AR o2 ®alshe FHlE et il EauddS &4
DNAE ol Boj& 4 9t} (Adams 5 2023). o]& Fo @A o] At si4 Al=oflA

A= 73 DNAE FFE& AgoA E oj4dolAl, ARl aldjz) XUzt SA0|A &85t
MESTHAAES RASE AH|I7F Q)AL (Valsecchi 5 2021, Maiello = 2022, Baker £ 2018),
Arlol £ol 153t WA 0E 87 DNAAZS AIZIsts e JPLs ot (Preston 5
2023)

O APAY o5 2olA FojAl U502 QUi ATE =23 ML Ho] gou
SAXAIE 5o 2E0PS U e e TN 2 UFR LRY & US.
- %o HAA snap shot HYY AP AN LY HS HojFL, YR
A s 2UHE B2 4nY

biogeographyd ¢+t, 714
- A5 R Alsd A4 BAMEY 45 validation %E K}E ground-truth data 49
- 2x Ay BEY o

|
P
=
~
Y,
ol
)
|
o
)
ol
rer
2 4 -u

|
)

ol

o
=
A
%
ux
")
ogh

_10_



>~

wh o of
08 A 18
==

Pal
g =

odh

(biogeography)

Aloti-gtg|2]o}o] I\H‘:'x]a B ol ylolgiA
(Carlson £ 2022), =& =3 &9 &

o By (Culverhouse S 2016), iy Y
gio]2{ A0 AEAY F& (Ha 5 2023),

J|RAF Q0] ol Bg (Kim = 2016),
olgstpe SAl9 ¥

=30t Sepyo 01101 5 2o wx
£ 2020), YABIEA(CO)SF F
(Park § 2015), YA EFIE Ma A

(Zubkov & 2000),

s

-

oY

)
ok ol

=

ook

re

A AT 5
(validation) &&= At&
A&+ ground-truth
data $£413

AR AR Agate I G9sa 3
(Brewin = 2016)

-

oﬁkl

r o
re oX

Eo
E
=5 (9.

oligotrophic gyre)

)
o
=N
of
1
o

obaith £8E0] (gyre) BN 54 7
(Aiken = 2017)

AESYIE M 7|Het (Aiken 5 2009)
ey | 871 AR FH0 #EoMeteb A wiste ZHA|SH s FAtdet FA)
oo | SR AY FE Y (Kitidis § 2017), BpdE A4 FF0R
ST 548 B AR Y T 45 Wt (Macovei &

2021)

RESER S 3J ST AL o5

oA £ | oAl 35 $ 9Jo] | #eske @7 Re <Y (Hahm & 2014)
AAY A7 | BoAF ofoj2Eo] o}st %*gﬂ} 2722l (Loh &

2023)

_11_




O ALY o]z =0l AR&st7] sl At 2

AL o2 m2 IS o] LSt Qi
- Oy/Ar %] %284t (NCP; net community produtction) &7
- ojgH(/AIr) &4 (CUFES)

flow cytometry

24385 A&AA7] (Continuous Plankton Recorder)

MIMS

(@)

It BE B o2 Yo A AulSol o

cr
A
-
wB
R oMV

100 0

e



Optical fillers Detectors

‘-A

iste contalner
L J \
1 R |
Fluidic System Optical System Electronic Systen

2 4. flow cytometry QAT

A food source
for vast majority —>
of marine life.

CPR Survey

Famcal Mat

Break down and ‘Consistant methodolgy since 1958.

consume dead plant
and ¢ material

‘Data forms vital baseline.
*Any chang ified reflect real
environ ther than

at end o

change in methodology.

3.2, IAALAL] I|E v

O AR RAA o5
Uk AE Sol 2012 433, 2
o159
O o5 B3 ool 9ol Tl ~107le] HA(EE) B HHS FAIE A
O 7-8H9] SCI& sh= =+wo] &7td vl o} (Gal 5 2018, Kim 5 2016, Kim 2017,

_13_



Park and Rhee 2015, Park = 2020).
O S 4Ze] A7 APARol olF FUT Fow

olFHA L&A} JtEctes Fastl

Ba5] AZAY, e & A B EA

qz
A

140°E. | 160°E
I 6. 20129 B398 Aot 20149 F=o|A st o]l &8 AA

_ Arctic _ Pacific
Ocean Ocean

140'E 170°E 160" W 130°'W 100" W

a2 7. 201739 5=°8 A5 28 At

= Land

40°N

. oo tms
IR oshy 2o BREAY A4 U

o

d
d

24 A 20179 1 ofstw s oFatat
At Qlon] Al &R B 1Ajo] 1 7]20] dolgle.
=]

O #& 5ol &5t 78] A5 Akl 71dasted Y] A= Argo S71E &5t 79l S AT

=

At7E of2) sfiof QlZ. o] Al FAF B 7]50] gololS.

_14_



A4 TE m2u ] AAMA

Kr

B
%o ol

ol
wjr M&
o) °

%O

X

al il
or

[=—
1o

_A

_
75

g

st

Q9

o] tjgto]

=
o

XCTD = underway CTD

7182 A7t

-
Rl

3 3t AEo] o gl

e RIS ER PPN IS REESEY

A|ZITt

Ay

3]
]

o

]_

__O.._

3.4. ZX|HA1L4A9] DaDis (Data Distribution System) Atz A

R0 BAFE thermosalinograph, fluorometer),

SHA
Sfla A

(

71RR, SARTR 7HE

E|
6}

110

HT,_

eI

O} validation/verification©]

o]
S

A 2E o

<F

-
»_OE

A

sl A

=
=

o

Holut ¢l

ol AR @

skA] eroo,

=
(o]

7}

a2

Fefel 2

oS
JER L

a2t &&ol 7k AArAl, TAL SE

G

=l
=

= *ofHe} fA] =3O

A
S

Ah2 B0l thi HolAU Ug

=
=

A

S
A

42] miz-oll o

o] BFH7] A3

=
=2

_15_



Al 4 2. AlEARE A

oA ATHES FE0| A9 BHL WEE S
m270 AL 2ol FWHOR 4 o] Gk PANOR AV HAof sh
712 B QAR RS HASE vl Ao EAo|n AN o2 Mo os|H e
Aot =2o] @ 4 v gt

Ship of Opportunity Program< XA A4S AA (Global Ocean Observing
System, GOOS)e] AL Ale]S Foron] ApmgAo] olldels 7158 28 Fulst
o] = Auroletd EFFof oA glo] XBT, Thermosalinograph, of4tateta ¢ #&53S
7I2e= SiM AUIAtRE FASEL e FolXT Argo /M4 ZEtolH et 22 T

SEEREIES
A5500] OfF SAES ABAGE Hold S8TL Clshrtn ek,

AYAPNY o AR 4 MRSk 5 gejErA o] gt olshe FFsHcH:
282 AY FS0lE 7151S ABY 4 UL ok A BES WY 0 o] Yk 94
Q2 olold bsdol ok E ulwaA gl A 27 29l Wt ulet AP
Holo] WISt WS BEsP o) MRe V12w PulE AR O 25 V1812 ABY

drhe) A viE B4L
AARS FsHe 2ol Feimoe YA

=
@)
=
_lO_LIJ
N
N
2
o

5 @A, A, ol 2E)
ST AF, AEAY 139 2
- APA APA AR, ARAYBSAL, A TG
- ot oEtuA B Y ATt 55

= g v
- UIAADL A/ 2/ g A Al

08,
o
= ol
i
Ra)
ogl
=

_16_



5] 2 AIYe FRE wtal ofelet 2ol 7o) 73k
Ta0] AP FAsHE 2ol @A jgto] ° &

O IR Aoz o Al AR Al

o

Chukchi Se;

a3 8 Al AR A A=

AR F13E oftke) 23l = s AR Al & loist mohE] A9 Futsto] ¥sh
Wy HE, 74 535 o5l E&

SR 1 wsl wsiE v g Al ool sl of A ABEAtuE AJERA] oA
13] &, AAE AlmsA, 245 771/88 A 72z &8

M) 27h 5= A1 B slFolA] borealization M7y #4F (EEZ MSR A7 3}
SI77F iAoz »dst 1o, oFo] Alegh ZAn; GARE PEE H8)

_17_



GON

39N 1

45N { ¢

4ON {

3N - R i

STMW D

KEEEEEEEEE Y N O i"l"-‘ .........................................

- i
#**STF
. :
o :
. X * 0 n v . .
20N - —— . — - . ; . .
130E 135E 140E 145E 150E 155E 160E 165E 170E 175E 180

a3 9. 228 o] SR} ARILE BEIEEpole] sulot AM A wAe

o o
Cole AE 4 L 9 E-T) 7)7] Alde] Rz A8,
Az AR AAE b5 o] 49 Ml A Jbs
__l.L

_18_



3.2. H1

I

\

I
\

=
ol
e

o2 rfo

o

o
1P

oz H
S~

==

>~
N
—_
olr
—_
rr

>
N

=
e

uu o
jo

-

o w2

fu 2

1

i L}

oX re

o 4
)

X

\
J

©)

o
oz
[

I
\,

A

|
Roc

N

-
i
=
rO
=

o2
Ja
o
e

|
N

J—t

rd
(@]

i)
1

oo
fun

ins
L
I

T m

\
J

oISt A
A 2

of2te s 4% DADIS At&o] &5t o]E
Adat &R 9] AYE Vs Sk &l4
KODCE Z71E X|3F, QtA 9_1]:;0} SHAlD
AlEANGS] g2 2 flolel &
ot 7)o 27| Az
tolelg Fojsta AlRlst=
ArolAF StH 2 XS 1-238]= }\}x 31 0]
oPﬂg} oq_—rL 7]/\0147;]-
1-28]9] AlEALY Fofle

\
)

DaDls K}E_
AN 7=

Lne

O2/Ar ;m%ﬂgw (NCP) ESH

[ﬂ}\]-og xﬂo]- _g’_E_

ojaH(5h) 274
DNA, Argo =71 &35t &

-

Bh R, olRix] @7l U we 4

@94 A 2R T BEHIE 3N

o3t Ao

& o
5 =

2

5

& AjY¥o] upHo] AR ri=r|
2} A8 2A9} AFRAF E0]

EJ
o
ojn



O 20279 RA MYARHo] 7tEE wizix] G 717t Wonh £28e QX 4 9L,
Aolw 370d 3o thgh AHARdo] BRFt

O o FAMe Agke 50002 ojste] AR sfEl FEE YR o} stuifo] et
ZA A4S Y ARG DALY 52 ARLAT LRsty F2 gjsh HLAbofA
71312 Bojst= stod (PAP) E3AlY & 22 =0] sh}2 uj7fg AFS 2 9t =A|
AR & ALQ TRy S 538t & QAU EWs] RA|S At Zlo] 235]8 R|oFS
bt Zlol ° 4 918 1elsti SN Aolw 3Y(24-'26)0) A4S 9AlsH:
7ol 2o Zlog mohEch

O O3 B2 27 eA g A4 pel(QF S¥)e ofd™s| 9|3 WQrt Qict

| ZAxItE) (25)

O DaDis 9] 4% Aty 37}, &
A4 AlA Zdu] (53] CO, + FAQ7F A2 J]EOR)
x4 ojgjo] Ao (ZFEA AAILH &8 live from Araon
«A|0lfstEE] o2 730 A& (Argo adopted AT,

https://argo.ucsd.edu/outreach/adopt-a-float/)

ki
ro
W)
i)
qz
4
e

o}
=]

—

O #ste 7hd 3 A RV M FE jlole & ¢ e AT AT
— @R 719 71FuE Ase) As, 559 o} 53 (borealization)
- 54 2Y-=d4cd -y A F= 289 illustration = 1
- 5AGY 3 W3t g obF g, A

O AU B (9/22), A AT AAE(9/26), TEHIF (10/16), =4 sksts] wm
(11/01—02) w}&H g+
« A7 ket H= AlS
O 297 29 H A JER IS 93 s e oA A3}

_20_



1] SAA4 20088 YA+ E5 712 EIA
2] gAY 20129 SHFTHAL P2 f 712 RIA

3] ZAATLA £ AIY ¥4 PE13410 5

4] Adams, C.I., Jeunen, G.J., Cross, H., Taylor, H.R., Bagnaro, A., Currie, K.,
Hepburn, C., Gemmell, N.]J., Urban, L., Baltar, F. and Stat, M., 2023.
Environmental DNA metabarcoding describes biodiversity across marine
gradients. ICES Journal of Marine Science, 80(4), pp.953-971.

[5] Aiken, J., Brewin, R.J., Dufois, F., Polimene, L., Hardman-Mountford, N.J.,

Jackson, T., Loveday, B., Hoya, S.M., Dall’'Olmo, G., Stephens, J. and Hirata, T.,

2017. A synthesis of the environmental response of the North and South

[
[
[
[

Atlantic Sub-Tropical Gyres during two decades of AMT. Progress in
Oceanography, 158, pp.236-254.

[6] Aiken, J., Pradhan, Y., Barlow, R., Lavender, S., Poulton, A., Holligan, P. and
Hardman-Mountford, N., 2009. Phytoplankton pigments and functional types in
the Atlantic Ocean: A decadal assessment, 1995-2005. Deep Sea Research Part
II: Topical Studies in Oceanography, 56(15), pp.899-917.

[7] Baker, C.S., Steel; D., Nieukirk, S. and Klinck, H., 2018. Environmental DNA
(eDNA) from the wake of the whales: Droplet digital PCR for detection and
species identification. Frontiers in Marine Science, 5, p.133.

[8] Brewin, R. J., Dall'Olmo, G., Pardo, S., van-Dongen-Vogels, V., & Boss, E. S.
(2016). Underway spectrophotometry along the Atlantic Meridional Transect
reveals high performance in satellite chlorophyll retrievals. Remote sensing of
environment, 183, 82-97.

[9] Butler, E. C. CONSIDERATIONS FOR AN UNDERWAY BIOGEOCHEMISTRY
OBSERVING SYSTEM.

[10] Carlson, M.C., Ribalet, F., Maidanik, I., Durham, B.P., Hulata, Y., Ferrén, S.,
Weissenbach, J., Shamir, N., Goldin, S., Baran, N. and Cael, B.B., 2022. Viruses
affect picocyanobacterial abundance and biogeography in the North Pacific
Ocean. Nature microbiology, 7(4), pp.570-580.

[11] Chidichimo, M.P., Perez, R.C., Speich, S., Kersalé, M., Sprintall, J., Dong, S.,
Lamont, T., Sato, O.T., Chereskin, T.K., Hummels, R. and Schmid, C., 2023.
Energetic overturning flows, dynamic interocean exchanges, and ocean
warming observed in the South Atlantic. Communications Earth &
Environment, 4(1), p.10.

[12] Choi, Y., Rhee, T.S., Collett Jr, J.L., Park, T., Park, S.M., Seo, B.K., Park, G.,
Park, K. and Lee, T., 2017. Aerosol concentrations and composition in the
North Pacific marine boundary layer. Atmospheric Environment, 171,
pp.165-172.

_21_



[13] Clayton, S., Alexander, H., Graff, J.R., Poulton, N.J., Thompson, L.R., Benway,
H., Boss, E. and Martiny, A., 2022. Bio-GO-SHIP: the time is right to establish
global repeat sections of ocean biology. Frontiers in Marine Science, 8,
p.767443.

[14] Culverhouse, P. F., Williams, R., Gallienne, C., Tilbury, J., & Wall-Palmer, D.
(2016). Ocean-scale monitoring of mesozooplankton on Atlantic meridional
transect 21. J. Marine Biol. Aquacult. 2(1): 1- 13

[15] Gal, J. K., Kim, J. H., & Shin, K. H. (2018). Distribution of long chain alkyl
diols along a south-north transect of the northwestern Pacific region: Insights
into a paleo sea surface nutrient proxy. Organic Geochemistry, 119, 80-90.

[16] Graff, J. R., Westberry, T. K., Milligan, A. J., Brown, M. B., Dall’'Olmo, G., van
Dongen-Vogels, V., Reifel, K. M., & Behrenfeld, M. J. (2015). Analytical
phytoplankton carbon measurements spanning diverse ecosystems. Deep Sea
Research Part [: Oceanographic Research Papers, 102, 16-25.

[17] Ha, A. D., Moniruzzaman, M., & Aylward, F. O. (2023). Assessing the
biogeography of marine giant viruses in four oceanic transects. ISME
communications, 3(1), 43.

[18] Hahm, D., Rhee, T.S., Kim, H.C., Park, J., Kim, Y.N., Shin, H.C. and Lee, S.,
2014. Spatial and temporal variation of net community production and its
regulating factors in the Amundsen Sea, Antarctica. Journal of Geophysical
Research: Oceans, 119(5), pp.2815-2826.

[19] Hahm, D. and Lee, 14-2018. Estimation ef-net community production based on
02/Ar measurements. The Sea Journal of‘the Korean Society of Oceanography,
23(1), pp.49-62.

[20] Jiang, C., Gille, S. T., Sprintall, J., & Sweeney, C. (2014). Drake passage
oceanic pCO,: evaluating CMIP5 coupled carbon-climate models using in situ
observations. Journal of climate, 27(1), 76-100.

[21] Jung, J., Han, B., Rodriguez, B., Miyazaki, Y., Chung, H. Y., Kim, K., ... &
Kang, S. H. (2019). Atmospheric dry deposition of water-soluble nitrogen to the
subarctic western north Pacific Ocean during summer. Atmosphere, 10(7), 351.

[22] Kettle, A.J., Rhee, T.S., von Hobe, M., Poulton, A., Aiken, J. and Andreae,
M.O., 2001. Assessing the flux of different volatile sulfur gases from the ocean.
JOURNAL OF GEOPHYSICAL RESEARCH, 106(D11), pp.12-193.

[23] Kim, H., Rhee, T. S., Hahm, D., Hwang, C. Y., Yang, J., & Han, S. (2016).
Contrasting distributions of dissolved gaseous mercury concentration and
evasion in the North Pacific Subarctic Gyre and the Subarctic Front. Deep Sea
Research Part [: Oceanographic Research Papers, 110, 90-98.

[24] Kim, H., Soerensen, A.L., Hur, J., Heimburger, L.E., Hahm, D., Rhee, T.S.,
Noh, S. and Han, S., 2017. Methylmercury mass budgets and distribution
characteristics in the Western Pacific Ocean. Environmental Science &
Technology, 51(3), pp.1186-1194.

_22_



[25] Kitidis, V., Brown, I., Hardman-Mountford, N., & Lefévre, N. (2017). Surface
ocean carbon dioxide during the Atlantic Meridional Transect (1995-2013);
evidence of ocean acidification. Progress in Oceanography, 158, 65-75.

[26] Loh, A., Kim, D., An, J.G., Choi, N. and Yim, U.H., 2023. Chemical
characterization of sub-micron aerosols over the East Sea (Sea of Japan).
Science of The Total Environment, 856, p.159173.

[27] Maiello, G., Talarico, L., Carpentieri, P., De Angelis, F., Franceschini, S.,
Harper, L.R., Neave, E.F., Rickards, O., Sbrana, A., Shum, P. and Veltre, V.,
2022. Little samplers, big fleet: eDNA metabarcoding from commercial trawlers
enhances ocean monitoring. Fisheries Research, 249, p.106259.

[28] Macovei, V.A., Petersen, W., Brix, H. and Voynova, Y.G., 2021. Reduced ocean
carbon sink in the south and central North Sea (2014-2018) revealed from
FerryBox observations. Geophysical Research Letters, 48(11), p.e2021GL092645.

[29] Park, K., & Rhee, T. S. (2015). Source characterization of carbon monoxide
and ozone over the Northwestern Pacific in summer 2012. Atmospheric
Environment, 111, 151-160.

[30] Park, J., Dall'Osto, M., Park, K., Gim, Y., Kang, H. J., Jang, E., ... & Yoon, Y.
J. (2020). Shipborne observations reveal contrasting Arctic marine, Arctic
terrestrial and Pacific ‘marine aerosol properties. Atmospheric Chemistry and
Physics, 20(9), 5573-5590.

[31] Petersen, W., 2014. FerryBox systems: State-of-the-art in Europe and future
development. Journal of-Marine Systems, 140, pp.4-12.

[32] Planes, S. and Allemand, D., 2023. Insights and-achievements from the Tara
Pacific expedition. nature communications, 14(1), p.3131.

[33] Preston, C., Yamahara, K., Pargett, D., Weinstock, C., Birch, J., Roman, B.,
Jensen, S., Connon, B., Jenkins, R., Ryan, J. and Scholin, C., 2023. Autonomous
eDNA collection using an uncrewed surface vessel over a 4200-km transect of
the eastern Pacific Ocean. Environmental DNA.

[34] Rees, A., Robinson, C., Smyth, T., Aiken, ]J., Nightingale, P. and Zubkov, M.,
2015. 20 years of the Atlantic Meridional Transect-AMT. Limnology and
Oceanography Bulletin, 24(4), pp.101-107.

[35] Rhee, T. S., Kettle, A. J., & Andreae, M. O. (2009). Methane and nitrous oxide
emissions from the ocean: A reassessment using basin-wide observations in
the Atlantic. Journal of Geophysical Research: Atmospheres, 114(D12).

[36] Robinson, C., Poulton, A.]., Holligan, P.M., Baker, A.R., Forster, G., Gist, N.,
Jickells, T.D., Malin, G., Upstill-Goddard, R., Williams, R.G. and Woodward,
E.M.S., 2006. The Atlantic Meridional Transect (AMT) programme: a contextual
view 1995-2005. Deep Sea Research Part II: Topical Studies in Oceanography,
53(14-16), pp.1485-1515.

[37] Sprintall, J., Chereskin, T. K., & Sweeney, C. (2012). High-resolution underway
upper ocean and surface atmospheric observations in Drake Passage:

_23_



Synergistic measurements for climate science. Oceanography, 25(3), 70-81.

[38] Sunagawa, S., Acinas, S.G., Bork, P., Bowler, C., Eveillard, D., Gorsky, G.,
Guidi, L., Iudicone, D., Karsenti, E. and Lombard, F., 2020. Tara Oceans:
towards global ocean ecosystems biology. Nature Reviews Microbiology, 18(8),
pp.428-445.

[39] Valsecchi, E., Arcangeli, A., Lombardi, R., Boyse, E., Carr, .M., Galli, P. and
Goodman, S.J., 2021. Ferries and environmental DNA: Underway sampling from
commercial vessels provides new opportunities for systematic genetic surveys
of marine biodiversity. Frontiers in Marine Science, 8, p.704786.

[40] Zubkov, M. V., Sleigh, M. A., & Burkill, P. H. (2000). Assaying picoplankton
distribution by flow cytometry of underway samples collected along a
meridional transect across the Atlantic Ocean. Aquatic Microbial Ecology, 21(1),
13-20.

_24_



I

Of

HT
ol
X

2023. 06. 02.

JAOPR\ SX|H72

Korea Polar Research Institute



3

Al

<t 71

29

B 28 29 73 w2

__A_ I
T

T

HIANE
o] FFHINZ AE

Yrt.

St
=]

i‘l”
=1

2023. 06. 02.

._O._

%0

__o_o

r



TF. GITLHZ cevereemreermseessseeis et

14

15

9. BUJQIFBT «vvorvrrerrsrimenisrisii s

15
20
23
17

T

il 0 ,wlAE

P
P
e

M %o
g
ru%ﬁ_ﬁ
~
o T o WO
N G
N TR

31

31

31

C} ©E13]

32

o 3 o) T T I

il

al &
e

60

u_.uu
H]

Kr
7

—_—
™

w__.uu
|
H

o
E



1. uj3 2 27X
7}, AP
1) YAPH oletes
] Aol

O "Bz M), '3 YeK)', vl AR
- 4 Og2 432 e vf'R g0t S5S01AE doldle viiolNE SAPER1 ot
7t AurE d
- SRS =St AU Y S AFEor IFEliE 4 S ¥ oyt dutAdto] FEliE 4~ gl
AYA Ao F2E JiAsH Fo2MN stEado] 7Heste s sAY 2Fshd Aldfo]l 4
of &4d 3% olF +&st= g2 4
[ ofefe=
O ofef2359] AJE

- AxR717F 0 2004E~2009E

- ofgkr o] EAARI FA] &6l 20109 AE A6l 20109~20119 A& E= A

Adsl= AlATC R 24A0 = Alojd
O z9 A

- ofgfe ool 29 AYE e 2T

Sk 111.0 m

2M7F 70| 95.00 m

= 19.0 m

710] 9.9 m (FH)

AREA 7.50 m

SET 7,507+

BATNES / A& 12:E / 16 E

oA 85 (5574 259, A4 60)

Ao FEAY oF 17,0005 2]

FRSAYT A&5LS oF 704

gk 3,400 KW X 47]

ZRIRR] Azimuth ZZ17] 5000 KW x 27]

- ofRf2o= 10j8 FEYS 3=ER o7t 7hsst Feor AxEo] FES ARG
Ao =XPAQl ol ¥ otde} e A¥s Hdll Fd2E JiAshke dFE +ods7] ol



e L Mt A9 eHo] Tl FE A28 55 Aoz Hol Sla
- Eoh A2 3 A 40 1 AR S Besh] st WEEeS Al
Q.

- AR B 27t AAl S-S olgsto] Wi kel Yo, ot et
Y & AAZE 5] s floll 22 2Rl 28l sl A4 £t elenz A
7t B A2 ¢As] 22 4 Q=5 ofolA yolmrp ZR|E N S

- FAA derzeo] tA] AR Aot RRAIK] 4= 360k FJ5o] Thset A7Vt

5150] Qgul7t gAlElof Qlof 3] ggwiet wyEld / thr)e %
/ a

A=
[ o
w3l L wolE AT/ ShPuEAY T

5 A7/ 0ejY 2 A7 / ARE 2 A
S choet 97ES A9o] Tk

- e A4S BAsh| Aste AFSIAIRAl FGANDP)7E Adu]E o] lon, s olA
=

o ATRE AW U AYAGY IRPAS Sgk F2 AVEA WIS 28 T 4 =S
WA % B AlMo] ZEolA 9lg
= 9 7] (SJsfol ZI8Iolid, 31 TEU AA} 7kt 33tol

0% 3| lgao| Tejelolusio] 9

S AT LA AEAl =, A2)A, Baltic room, sii4A 3 A2]A, Autosal room,
| d = P
sfete s A7, A2st A7, J|EEY]
ey | AFEY LAN Office. 2HRANY. 8% % 72 A7, PP,
L S R WY = - -
7187 e AYA, 7R R A YA, ARAIE AL, A

- ofgtesolt Cheu Ze A Aulst Aol

AREI s 25 A4
ADCP/LADCP L&=2X Freq:38kHz
Scientific Fish Finder O] ZEFX] Freq:38,120,200kHz

Low Fre. Omni-Directional |
Fishery Sonar -

o
10
2
il
ol
Pa}

Freq:24/26/28kHz




Multi-Beam Echo Sounder

i)

P
o
f

o

Freq:12kHz

Precision Depth Recorder

ne
roh

Freq:12/38kHz

Sub-Bottom Profiler

Freq:2.5kHz ~ 7kHz

O | |

Q| N 0% 19 |oXo% (o2
-4
A
©

Compressor System A GA90W/Air Receiver/CT
=
Aerosol Sizing Instrument ﬂﬁie Heating Control:0~300%=

LIDAR

ox
)
oy
-4
P

)

|UL e |t 4y b |{>ojo
N NN | =g o EL

Range:12kmoJA}

oH4F:532nm

Attitude and Positioning
System

Rali[le
200,
e
o,

Heading Accuracy:0.02%=
Roll/Pitch Accuracy:0.02% Heave
Accuracy:bcm or 5%

Salinometer

o0
e
A
o

Measurement Range : 0.0001:1.15
Conductivity Ratio 0.004 to
76mS/cm 0.005 to 42 Equivalent
Practical PSU

Acoustic Synchronizer

i)

Synchronizing up to 12 acoustic

S 3FAH]
o O O
AR system Better than 1 msec
System A timing resolution

. Resolution:0.01mGal Static
Marine Gravity Meter SA=X Repeatability:0.05mGal Accuracy

at Sea:'1.00mGal

Marine Magnetometer

)
1%
Ay
o

Absolute accuracy:0.2nT
Sensitivity:0.01nT
Resolution:0.00InT

Significant Wave Height
-Range:0~bm,

o} =5
Wavemeter Hal 57 Accuracy:0.25~0.5m -Range:Above
bm| Accuracy:10%0°]3s}
Underwater Undulating NI APAE - 701y Towing speed:0.5 ~ 10knot
Instrument System =l wwo Operating Depth:0 ~ 400m
Multi-Channel Seismic SR A A LR S Streamer CH:120 Air Gun
System =iyl Vol:1200 cu in
HAAA =2 XA | working depth:6000m”7}X] Grab
TV Grab e © | size:2 X 2ft
AAZEERE 2 = | Net size:333 micron mesh No of
MOCNESS A Net:9 Length of Net:6.0m
Y o u ?*19} Master/Slave Sirver/ Ship's
= al ignal Interface Unit/114;
LAN system SEEM 20| EI A1 A51/5 el el Al 2
/TR A B
o7 = Radome attenuation:0.15dBo]3s}
Satellite Receiver 24 %] Ej) © L-Band Input Freq:1680~1710Mhz
o S-Band Input Freq:2207~2267Mhz
Temperature:-5 ~ 35
]
CTD Arrm 240 Conductivity:0 ~ 7 S/m
7o Pressure:0 ~ 10500 meter
Sea Water Analyzer o454 alarELA Take 120 sample cups up to 5mL

Fiber optic detector for Nutrient

Weather station

Long Corer System

Piston Core WAl |0 39m Z]o]9]
N == AlIS

>|




HIFEONE7|X] @5 23 U €S A7 g

2y
(43 gl Zu)

- ofgtee ofg AZO] 83 97E 2ot ALATE YT ATE AL 9O
A A7 S 19RE 12871812 Aol R 717}
) Sagets 2L sl Wolgw Loty e

- 2002-2023 €3 o’g PHL ofelek kS

ok

T ] log ] 129 13 44 5] ]
] 4y CE ] ¥ ] ] wE ] ¥aH wE WA k)
1 1
[ | ceae o firi i) [ ] 3 iy
- [=5 + B |—1 -—
Laew B B s
B [ | s
s | 7 7] Bl
€ : 4] HUHEF, £
— RES Ty e 1 o1
| & 20 | ] s
i AR o o
| i | — | -
i n u u
(a7um — ] 0B
i g L=
iz LBl = 13
L 4 4
[—| — — s
“|lFag 1 s 1)
A tiTan  — — ——
AT — ERCTRN BT ETFE S I = FEE is
=HH —| 1
i iIr 1
B, 41— | ==}
e [ 1 1=
(e, ] | — | ||
i Lo 7] )
k] VHLF, Faeb | 20 ]
A L 21 i 7
i | | ||
AT m P . ] ]
Bl Y uFe — |
3 b -3
ol =1 | wuew =0
i} | |~ | _
== = = =
il gy ° |~ |
o —~ - 5
i‘?“_‘ |~ | Feare e - il
- [ Hu ) e = |1 %
R » »
(= | [= | E]
a -— &l
SrEwdd A EE]
" TR EgYgeln, L Wy 4Y T e WA TR ERLEd [7] TR Ay YHYE
EELT] R EECE .1‘.'\'!1'& U azyy
HEECE] R B et 1 elEgA
BEETEE TR[Hui= 3y
4 Adue
B aAe

- 36599 AlFS TV|EoR 5=YAF 25.2%, G=IAT 45.5% 2] = 29.3% = /d5



23RN o5 34.8%, APYSN 57.6%2 AT vIFo] L
GIYRE oIS 6L.4%, APYSN 27.1%2 oSNl HiFol T u] o4} &2
ARl B3GR A9 F 9202 2HSGT o] F oS 322, APYSIE 53U 1
21 Zepgure 792 14
obRl 513 F9 IR AL F 171%0] 28] oJFoln o] F ol EYs) 98L, A7
Pl 489, B 179 Teim J1A] BF 8UR PAEo] AL

- oz AElRct A3 ol Sk SHAE o QW A% 2 FZo] AHESHT 9
O

-
PRr L -

T

kol T2 Y4

v
1
]
!
1

Cape Hallet




ghol Fito] YRS tietl=E 71E 02 gAlols ofet259] A =1t E=9 o
= < 3l o] Rfol7t UA =

- 201738 201997HA] ofefee] U2 thaat 2 (20208} 202192 COVID-19

Hdulog Qlsto] A Aol T ¥} As)

o] 5%l Aol Q=71g 717 | A 3]
A= = = Iy = u o Iy = =1 = | 22 | olls
a - = 4—7:]] a = 4—7:“ a R lin] H T ©

2017 | 123.7 | 33.8 157.5 46.7 30.0 76.7 29.0 6.0 8.8 | 22.1 64.9
2018 | 132.3 32.2 164.5 55.8 35.0 90.8 24.1 7.1 7.8 15.7 | 55.0
2019 | 93.4 35.6 129.0 45.6 35.5 84.9 14.0 7.6 13.0 | 26.9 87.4
o4t | 116.5 33.9 150.3 49.4 33.5 84.1 22.4 6.9 9.9 | 21.6 | 69.1

- 3T 82 ParE GOl U ARYSRct ojd ol Sl o e Ul Aasw 9
or

3) RPAI] A AN

T ER I EPAT

OEER-E

- IV Aot ShAe e w2 nelE A4l Hsa s IARA AAIC A

A7 2w

- 3R] A7 O APt Wed Rof? abjaletel $50| )%, g9, 483t A
T 35S sl WAE 24 A7 AR 93] nolE A7 U Auda g ag
2 9lsh 341 wet AW 2 9 Al

O 37 47 =i

- AP A A TA] 2% | 5 ofol AYae A9S Lio] d7g Al

KRAICH M7 =9 =

i | m 22359 / 82~10¥ n 22 1562 / 71
/712t » =S 50€ / 128~38 = HS 121 7 938~4E

= SA|H|2|0tsl, HX[s, HHH & = ZLYSIHS, H
£ 65~75= |0 £ 79%) s 2 & sfd

> o

(R |
olr Jol;'

==

e Ho

2 8 g

rx
rd

o e
T




E
o

?_]__

LI

ofefet o 7E9] 2

=]
a

%
oX.
hu
ez
o
ot
)
rin
Mo
oo
oX.
hu
U

N
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

w2} ol 5ol Fp5er

s e e et .

N
N
D
N
N
‘\\\
N
"\\
N
N
]
8
8
8
N
R
]
N
N
N
N
N\
N
N
=
N
%:
[
N
N
X

[
L\\\\‘h\\\.\x‘:‘\\\kﬁ\\\\i\\\ﬁﬁ § R SR

L
o o

R “Gm}\\k&\ﬁ\\%\ﬁ.\‘.\\J

—_———_

2= 1 TFHICH AHIOITLA © 5

R N T R TR TR SEEESAEES R SEERR E N

i

o Ao 7

A e P P

i
o~ T

. “ ) e == N

Lm\mmmmmmmmmw

_7_

7)—\]O§

JE)2 ofekesy uls) o 50| kol B8] T A7U40 E7h (of2he 60, A
o) &M 66%) 2 A S2o] 71 (of2ke 1m at Sknots, AW &A1 15m at
3Knots) 1213 &|ofo] WjE (olehe U2, AN WA 23S o chot Al chor

Al710] Thefet 2oke] A4t 7he Ao



4) 27} YA A
L ASAE 2ehr] @724

(2023~2027)

O 'AbAH W47 8AR S er]s Hilo] MEsts Jfd ug vdoz 3o
A 177] 2F RS AL AL

sh= TSt 02y
ZH| 28 L2} -

=7 HA

R&D H2pd Zt3}

«XHED ZBolE =0l=
HFEF 7|

- R&D 418584
9 28 948 J|U 25

. 2oia} gnste THeE

Y7 EXSiEE FiT

- 02 AR 2pg-2td

EE}

M

03 rd
ofn

il

b ﬂ:I"'g ox r.E
r. -
E“} iﬂi‘.l

=

-HH

N cxgwg |-
2 dd=/=Ex |-
& Mo |-

& z=u/x=
e /AR

%

FE/AHY

BEY 33Y WW O3 U MY
TPl U R4 Y ALY T 53

=)

S 9l Qb A

= e e

Oj=HeiE ol

SFHY.IX| N ST IAAE o

ey 2 oge 77t

87| &=

i ]

Ap MY —_— A FhACH =13

Q> Sxgao i T g -+ T ea oy
& ¥ 3 Ho=2 ApO

M goe M TieT B, e HAET QO LV @esue



ojr
|
(uy
or
mm
o
oF
i}
=
o
B

oK

olm

B

_
1o

o)

ol AA7Ate] A}

o}

AL E
o= ©

K

3
1oT_A1H
M-
B

> Atae] bl R Al Al o

» ORIE 7N A TS ole]

r

o+ | ok
o | o
%0 %0
'~ ~
= =
~ |~
N o~
£ S
SRR
@ o

Cy
Ly
R H
w | H
4
T | KO
oo XY
o X
=5
| o
_I_I N
[ i
r
T 8o
w° Tl
° x
= B
vA

OAE A7

al
P

o 27k Apdole TYE 15

AT P&

S A
-

3]
(6]

gt
o

‘1-2-3 7}

K
Hin

]
ok

<F

ol

ol

o
ol

g

2P
T
70
o
Bl
Ho
Mo
E

el

~X

K]

3
Ar
wr

uF
E

.

</

Kk

g/

107

& O
IU 5

7k

A7

oz AR,

=
=

- APColE 24 £7-qlma

~
110

oju
i

Al 5 BIZHAR] %

%)
T
)
<

. Aol A 71 nes)

o
o

T

> A7 R 2

» O] X

1o

%0

7]

o+
oyl
<

o+

1o

v

Bo
D

B




O '3-7-2 A-TjoF-F4] AL vlefale 2 L YRR 259 ojehA 2
BE 93t FA PAPIE nEst L me} Sl IAAF sl ds) oo

Hee 91 9g

- 22 FUVEY U 93 US A7 30 BUAPAR B AN 2FEA 5 WA
% FELS A AAAT 7% AR

- AT §-2% 37 YA 71E ES B 34 A7 9F 28 % 37 AY AT
9 xed sy

HIZ || O morg ofFotn I FEOIE INI A7

e 00| MU S U= GAPM} AF

- 2EY AT IE +F =9 20308 AR F=S ofH) a5 24
s Al ool sicig ofa Oix|o] 2X| 22t W=
Y || Az 7anE SIER Us S8 A
25 || ¢ =3 =90 ok 291z 23 FR3s B

o O SHUE-50 HES ASSE=HH 2 NS 75

¢ AR AR B o 25 B e
g 3 0 d s 3 Iesdsd AN

=5 g =3 I
de | 11, 27MARI W BHEE BY 2UNLY B7 o
Sxvsters | |12, Ixky BE A8 A7 Yo
S3 M 1-3. 3R] AMIZLA 43
e 2

alxle] 2% 2-1, oj2f HIAHHWH MIE AV BT IYE WF
=1
DjEted e Eley 2-2, MCh o) 2 MEE % 42 Wi A7 ol

EEE
3-1. ATl UK WAL U YN BT
e el YN g U Y %

HHMAN 75 3-2, A AWHA ZEXH Ao

=TI 4-1. ApMicH 2X A7 oI A3 Zhe

XY 75 4-2, XA St HEX YWY 7| 45

_‘IO_



2L FRPEY F

27 A€

A Qlzmat,

_1
—

"ol

AA 5

(2 R=5|
1= R

oI9S

o] ZX|&

- 2X¥E &8 =27}

A

K

o
<+
o
_«A

Ho
o

Aol o]

Ar
ot

=

ol

=
=]
4r || E0 T
LH < ~
= | |3 Lo
__._/._. Aol
LH | | rIr i
4| | F OF
Ll || &=l
Al
._H_ KD
T L0
Ml KJ
Ar|| =" ay
D
| | rw
o == _.__.
S
0
B o
T~
nro4r
N =<
=[]
J J m.__ﬂ
T || KF =

= 2050 —_]?]_—'-E{‘ }\]]'_‘H E‘HH]’ Oﬂ

AF
]

1o

o0

]
ofo

~
1o

2 2y 2 FA0 of

o]
=

L
1o

N

ol
—_—
110

Ar

SAjutole AR 2

o

e

oD

E3g} UST 22

St
=1

e

st

- FA AL AAl

T
Tor

of
E

o

<0

712A1(2023~2027)

Al

St

‘AR

O

=

Axs}

#o HAIS

to =

S

dete a2 il

(‘22.4) E)=2 =3tsl1,

-1 -



O 2-1
o %2
- 23

& o
O 2-3

o HI B o
RS 2t SAM =T} : 0IXIE &t =8, DI2HE et =2

o H o
EED
nixiel B = R AR MM B -OfAlDt £ B3
cof mu (ML SEEH, Suotelotth B33 SA) IHIEAT T5
T T T T WER 2K A M e SRR RE30)
CEa fieie J|aeE
B R =T e (T PIE TAEE oS
JISEE g AaMs gy 40% HAUT ATHE Y] 60% ey et il
CHE e %ﬂmg HiE} izk 2} L 2050M MI|FL A e g -ﬁ&fﬁﬁaﬂfgﬁﬁ o1z
AP S UG HE= L) 0% ME3 0] 100% OIAIC21)
=25 BBk MEHE|0] 44 BB ML HEO|LM HE
i - HE|O| LM 25 7)Y HE J|@ H9(26) FEE DS
ey ESMANREN §E R P E{ORRIEE| AE S} N ClIREIR, BYI|E
Jlernp N7 oI 71d Y ZREW) 9(29)

o EEAEI(H 2IMI o

r\'_:|‘l

AT AUPLUE BET SSE 8507 W27

“HIXi8(25) AR N 215 M 2(27)8 B3 Kol 3
<M 6T L7\ 3] FE(30) R B
3 HO A AR DS B RAENY ANE)

S TS W B0 OHE 2050 F XS 0 41 ALIZIS HA((27)
7| -H-Y SRR 29 S3Y ST W71 WE2Z7)

EEA MUHEO M HE S H(26)

CES A 047 g SRR B0IT2t £4027)

SEALgEA SR ST RIS TSR 4229

=X &J|s ME

o 5IH =& HMEP o

1.1 0X|2) HY oS ZE0j Ha &
1.2 K|t 7|32 el A B2 Hie 78 ‘
1.3 SHEE BEAF XIR 208 D8

© 271 2HEIH Jloist= S X0 &l 718 0FA
3.0 47 7 2S58E 28 Ay He

3.2 35X} Sa} 244 2oL X Y

3.3 X|&7 s x| - WK e

-

O Z06IR 2S5l SXEE S

5.1 @4 pioz 2o U OHREE] S0

5.2 MO SE|HBT 84

5.3 REIE0{2) SE|EE 227 (9 op

0 JI=-E3 2 il =5

2.1 71 9177} EEs A S 7 s

2.2 57| @R B2 Ay g5

2.3 37| 7|R 0] e e Bt oS
-~

O CHE L2 S=UEH =4

4.1 BIPAEY Y2 D 7
42 27} 7 YOI} A Hoy
4.3 9-3 SHSE CpHs|

+

159717t &efete AfsH o1& 714 gw
sk Z1AlEl olE =ao] e oE R
h7]-shoF-s1Y EYolERAS ALstel 22 3

o
JE AL

d

)
oo

=

=

;—:
=
il / I] K<)

rk
ﬂ
=
a
il
o

%

7]

/b]-

o) Ageps) wet 2UE e

al

o
=



@do] w7t

- AdR G271 2AE 2-2 AATA

- euste xdE @wste] mE SAlE sjpgRel vIga K Bha
5 715 A

[ AI3AF s Fearadal 71:2A4122021~2030)

10

L

O "A3AL siFHArEd V1A 2 siFeAEA IRy A6z E}E} 10‘3"3}"—}

[IUII
12
=
2
0=
02
10 5
T 2
o
[IItI
FIU
=
o
T

=01 oiEighy &=st IFO0| HiCk

W S0 0ITT= 2430y HiTt

Ay T

.H]EHEE JleHIE ﬁi—?—gt é‘é”l UL

6LH a=ZAE=F

1. Gi22-210] OFX Zi5}

(1) ehMEtD Y5l k2| s
( ;. QI g AMMEFSME

(3) wlch-afsf 248 2t obEst sjot

3. oll2r-LH240| CIXIE ZiE

@ si2-garueiel AntES}

(2) 4212i0] nj2fAreist
(@ sligateio] oojef Zm| &S

5. 248 ZISHE-EdIH Gi2F 012

(1) ek Fghzio| x5t St AlS
(2) a2zt g 2alo| 2|xis}
(@) sotuien|e) cobs pE

2. HED 42 =919t XN

(1) & & A= OofE
(2) pajatn of2 gxls o
(3) x|} 0 R2{x|= oigh-&tat X4

4. o 2a-Lt200] T Cof

(1) SHQPSAF SRAMHAIRE 212
(@) 71EAeio| Al MEH &7
(@) Mgt LZO| AMENA =M

6. TMES MTHH= LU

(1) “K-sHL A2 2R|ALS| Abd ol
(2) 23t st 2 SUUE £5
@) sferdizioz s=of wedol 7|of




O '6-2 2713 YN LE AYYE 22 5 YUBAZ A &7H55 TA| Y FAV
z

< A8 ZEe S

- AR MY AR IO Foll o SVt QIS ool 28 2

_14_



2. 2
7). A
O 94

rol ek
ol ol

USCG Major Icebreaker charto]] 2™ 7= 2 Q A

WAol @ae chaut

MAJOR ICEBREAKERS OF THE WORLD

50 Let Pobedy Sovetskiy Soyuz Rossiya Yamal E— Arkdika Sibir
2007) 1990refit 2014) (1985refit 2007) (1993) (1990 rert 2016) (1989) (2019) (2020) (2021)
N = - -
s - -
F““Jkﬁm‘(’“" it b il
Leader-Class |cebreaker Project 10570 Gennadiy Nevelskoy ~ Novorossisk ~ Murmansk Viadivostok Sevmorput Alexey Chirikav ~ Vitus Berlng Akademik Tryoshmkov
(Estimated 2024) (TBD) (2017 (2016) (2015) (2015) (1988 refit 2015) (2013) (2012) (2017)
' - = =
R U S S 1A Varandei St. Petersburg Moskva Vladlslav Strizhov  YuriTopchev  Pacific Enterprise Pacific Endeavor Pacific Endurance | Kapitan Dranitsyn | Kapitan Sorokin
(46) + 11under construction __*® @08 (2007) (2008) (2005) (200! (2006) (2008) (1980 refit 1999) | (1977 refit 1990)
+ 4 planned - - - iH - “‘E I‘ = “ii
= 3
Akademik Fedorov| Viadimir lgnatyuk  Kapitan Khlebnikov ~ Kapitan Nikolayev Krasin Admiral Makarov Yermak Fedor Ushakov  Stepan Makarov  Mikhail Lazarev
(1987) (1983) (1981) (1978) (1976) (1975) (1974) 2017) (2017) (2017)
- - - - - =
il
sl A (si'ﬁ iy e ks't'* P S S S

M.&ﬂ_ﬂﬁﬂﬁ%ﬂ%

Viktor Cheromyrdin Aleksandr Sannikov  AkerArc 130A Ivan Papanin Nikolay Zubov Project Tundra Aleut Pomor Norman Baltika Toboi
(2017) (2017) @o17) (2019) (2020) (TBD) (2016) (2016) @016 (2015) (2008)
- = - - .
SCF Sakhalin Ivan Papanin Vasiliy G i Vengeri jkson Mudyug Magadan Kigori Dudinka
(2005) (1520) Cisery (1983) i (1962) (1582) (979) (1969) (1964) (zma)
[C] [ = ‘ 2] ] 0] 2]
CANADA A ot :
John G. Diefenbaker Terry Fox Amundsen Henrylarsen  SirMlfiid Laurier  DesGroseilliers ~ Pierre Radisson Dewolf  Margaret Brooke
(7) + 2 under construction (2022) (1983) (1979 refit 2013) (1988) (1986) (1983) (1978) “Cotey (@019)
+5planned I = [} ]
Max Bernays Willilam Hall ~ Frederick Rolette  Robert Hampton Grey
(2020) 2020) (2021) (2022)

FINLAND Y e

B B, B

LSS I T b o e

Polaris Nordica Fennica Kontio Otsa dau Urho Hermes Thetis ima
(10) i
(2016) (1994) (1993) (1987) (1986) (1976) (1975) (1983) (1983) (1954 refit 1979)
=
SWEDEN s A "
Ymer Fre] ‘Atle Baliclosbreaker  Baltic lcebreaker Arctic losbreaker  TorVikingll  BaiderViking | Vidar Vikin
(7)+ 3 planned 877 (1575) (1974) (@021) (2025) (2030) @i et oo
- - - -
USA e ot e .
Polar Sea Polar St: USOGPolar Icebreaks USCG Polar Icebreak USOG Polar lcebreak Heal Al Nathaniel B. Pal
(5) +3planned (1978 refit 2006) (1078reft 2013) oy s e S 500) 019 et e
DENMARK T : Kjord viking
(4) (2012) 1) (101 1) (2011)
™ - P -
CHINA anicdih] =,
. Yue Long Haibing 722 Haibing 723 Polar Support Vesss!
(3) + 1 under construction (1993) 2016) (@016 (2019)
L Ay
; Selbard Kronprins Haakon Vessels were selected and organized based on their installed power measured in Brake Horse Power (BHP)
+
(1 ) 1under construction (2002) @17 Vessels with less than 10,000 BHP were not considered to be capable of independent Arctic operation. Vessels
are ordered by age, youngest first, within power groupings. Vessel outlines reflect relative sizes.
= -
ESTONIA =l T COLOR GUIDE NOTES
Botnica Tarmo
(2) (1998) (1963)
> 45,000 BHP
AUSTRAL'A = = - S,n\ésmmerg owned
i a& 20,000 BHE - b
(1) + 1planned Aot e Polar Suppon Vessel < 45,000 BHP N Nudlear Power
B Designed for
= ek 10,000 BHP Balicuse
GERMANY < 20,000 BHP Been tothe
North Pole
Polarsermn Aurora Borealis
(1) +1planned (1982refit 200) (Edtimated 2020)
,«/"-““-‘LY{.9 Under Construction
CHILE w2 2 .
1 Almirante Oscar Viel  Polar Support Vessel = Planned
(1) +1 planned (1967) (@021)
Data derived from multiple sources of information ‘this chart is

JAPAN e —

(1) S

Updated 1 May 2017

SOUTH KOREA m@

(2009)

Direct Questions and Comments to:
CDR Wlliam Woityra - (202) 372-1540
email: william.c.woityra@uscg.mil

hittp:/ feww wseg mil fhafcg5/ cg852/ice asp

Major lcebreakers of the World
Explanatory Piece

ofsourcss s e ey oot mater e ol poss v

S of the worid in July 2010 Since then, we ave

o chart at least annually

onmers T oo, e

The Coast Giard Offce o Orean Policy
nfomation
updates, Arcic expert 2nd Coast Guars offces wih e h
Sagin ncw ot o gtack s eteaeatne Cose CuarsS ot oyl UnGesomigof s o cebosel Tes T e ot ended
Cebreaier fleet comparisons and o irference shoul be drann regarsing a counity icsbreaker ‘ranling sgains another
Agihesl Scape Vessls mesangihs genrldfion o polr cebreserpr he 2007 Nl Rt Coun ot n Pl sbeskrsin 3 Crngn W e
) e, Thoss vsel-fav sl Sunifcant s o it e Aot e Tave e Stenshen sullin o polr b nd e e
10,000 horsepomer® 1o survive i cs, raher 100
= Horsepoveer ae not i i il e eccetion e Bt cebesers, i chan
LA TVIA chart does not specy whether  vesse!s crewis chiian o miltay.
(1 ) V%{;“g“ Classification Methodology: The : B
(1968) youngest to oldest. The chart using brake horsep:

gory, and finaly in order o placement in service

Almirante Irizar
(1978 refit 2017)

ARGENTINA Eﬁf
(1)

cebreakers are black, the next level sea-greer ant

are colred yellow, and planned ccoreakers are

white. Planned icebreakers are placed on the chart f we can re

“The chat —operated the

countiy's flag next to the icebreaker. sbrealers

P

an p asonal, frs-
are marked on the chart vith a B. Most Baltc cehreakers may not have operated in the Arctic due

and

UNITED KINGDOM ™

+ 1under construction

Sir David Attenborough
(2019)

o align alang each

respures o el

Finland, Russia
Baltc wirters Alsa, ice

i )
power o

In contrast, n adaition to the polar czbreakers already isted, the U S

10,000 BHP.

Shipaing anes, lasts

break, requining more extensive icebreaking capabilties. Smirly, the Canadian
a5 2 number of icebraakers cperatig in the Great Lakes, New England and the mic-Atiaic to
facitate cammerce and for exgent circumstances, but these are notsted n this chart because the icebreakers are not required o mest the threshold of at least

d supply to

Developed and maintained by the USCG Office of Waterways and Ocean Policy (CG-WWM)
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- SEA-WEB®| DBOJIA] &S 28] B9l cheaf 248 (MY 92 ABC 2)
IMO Name of Ship Flag GT Year | Ship Type
9152959 50 LET POBEDY Russia 23,439 | 2007 | Icebreaker
7347603 ADMIRAL MAKAROV Russia 14,058 1975 | Icebreaker
8519837 AKADEMIK FEDOROV Russia 12,660 1987 | Icebreaker/Research
9548536 AKADEMIK TRYOSHNIKOV | Russia 12,711 2012 Icebreaker/Research
7347639 ALE Sweden 971 1973 | Icebreaker
7533628 ALMIRANTE IRIZAR Argentina 10,065 1978 | Icebreaker
7510846 AMUNDSEN Canada 5,807 1979 | Icebreaker/Research
9777113 ANDREY VILKITSSKIY Russia 11,295 | 2018 | Icebreaker
9490935 ARAON ggﬂ?ﬁ’ 7,507 2009 | Icebreaker/Research
7429061 ARKTIKA Russia 20,665 1974 | Icebreaker
9694725 ARKTIKA Russia 28,494 | 2020 | Icebreaker
7347627 ATLE Sweden 7,457 1974 | Icebreaker
9649237 BALTIKA Russia 3,808 2015 | Icebreaker
6705949 BLUE SKY III Panama 940 1966 | Icebreaker
United
4771085 BOLLINGER MISSISSIPPI States Of 15,000 | 2025 [cebreaker
America
United
4765787 BOLLINGER MISSISSIPPI States Of 15,000 | 2024 | Icebreaker
America
5048497 BORE Sweden 304 1894 | Icebreaker
9165877 BOTNICA Estonia 6,370 1998 | Icebreaker
4622337 BURAN Russia 2,300 1966 | Icebreaker
9924106 CHUKOTKA Russia 33,540 | 2026 | Icebreaker
6421919 DANBJORN Unknown 3,010 1965 [cebreaker
8006385 DES GROSEILLIERS Canada 6,098 1982 | Icebreaker
8009208 DIKSON Russia 5,342 1983 [cebreaker
6920094 DUDINKA Russia 4,121 1970 Icebreaker
7330038 ERMAK Russia 14,058 1974 | Icebreaker
7917977 EVA-316 Estonia 907 1980 | Icebreaker
9043615 FENNICA Finland 9,392 1993 | Icebreaker
8613346 FOTIY KRYLOV Russia 5,250 1989 Icebreaker
7359668 FRE] Sweden 7,470 1975 | Icebreaker
China,
4739439 HAIBING 722 People's 7,000 2016 | Icebreaker
Republic of
China,
4739441 HAIBING 723 People's 7,000 2016 | Icebreaker
Republic of
United
9083380 HEALY States Of 15,150 1999 [cebreaker
America
9957804 HELSINKI 519 Russia 19,700 | 2025 | Icebreaker

_16_




8409329 HENRY LARSEN Canada 6,167 1988 | Icebreaker
9820233 ILYA MUROMETS Russia 5,202 2017 | Icebreaker
6516506 ISBJORN Unknown 3,000 1966 | Icebreaker
6501496 IVAN KRUZENSHTERN Russia 2,315 1964 | Icebreaker
9990208 JMU ISOGO 4057 Japan 13,000 | 2026 | Icebreaker/Research
4738681 JOHN G. DIEFENBAKER Canada 20,000 | 2029 | Icebreaker
7406332 KAPITAN A. RADZHABOV | Azerbaijan | 1,362 1976 | Icebreaker
5181598 KAPITAN BELOUSOV Ukraine 3,333 1954 | Icebreaker
7406320 KAPITAN KOSOLAPOV Russia 1,960 1976 | Icebreaker
7406318 KAPITAN M. IZMAYLOV Russia 1,669 1976 | Icebreaker
7413490 KAPITAN NIKOLAEV Russia 14,264 | 1978 | Icebreaker
8878099 KAPITAN PLAKHIN Russia 2,427 1977 | Icebreaker
7413488 KAPITAN SOROKIN Russia 15,385 | 1977 | Icebreaker
8434283 KAPITAN ZARUBIN Russia 2,335 1978 | Icebreaker
8518120 KONTIO Finland 7,066 1987 | Icebreaker
7359644 KRASIN Russia 14,058 | 1976 | Icebreaker
9797539 L'ASTROLABE France 2,028 2017 | Icebreaker/Research
United
9137337 LAURENCE M. GOULD States Of 2,966 1997 | Icebreaker/Research
America
6705937 LOUIS S. ST-LAURENT Canada 11,345 | 1969 | Icebreaker
United
9271054 MACKINAW States Of 3,407 2005 | Icebreaker
America
8009193 MAGADAN Russia 5,342 1982 | Icebreaker
9326574 MOSKVA Russia 9,491 2008 | Icebreaker
8009181 MUDYUG Russia 6,954 1982 | Icebreaker
9658666 MURMANSK Russia 11,720 | 2016 | Icebreaker
United
9007257 NATHANIEL B. PALMER States Of 6,174 1992 | Icebreaker/Research
America
8613334 NIKOLAY CHIKER Russia 5,250 1989 | Icebreaker
9056985 NORDICA Finland 9,392 1994 | Icebreaker
9692571 NOVOROSSIYSK Russia 11,720 | 2016 | Icebreaker
9843223 OB Russia 5,532 2019 | Icebreaker
8700876 ODEN Sweden 9,605 1989 | Icebreaker
8405880 0TSO Finland 7,189 1986 | Icebreaker
9901374 PELLA SIETAS 1320 Russia 12,000 | 2024 | Icebreaker
7510834 PIERRE RADISSON Canada 5,775 1978 | Icebreaker
5407904 POLAR Unknown 237 1918 | Icebreaker
9319997 POLAR CIRCLE Cyprus 3,396 2006 | Icebreaker
United
7391252 POLAR SEA States Of 13,190 | 1977 | Icebreaker
America
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United

7367471 POLAR STAR States Of 13,190 | 1976 | Icebreaker
America
5099197 POLARFUCHS Unknown 202 1956 | Icebreaker
9734161 POLARIS Finland 9,333 2016 | Icebreaker
8013132 POLARSTERN Germany 12,614 1982 | Icebreaker/Research
9911238 ROSSIYA Russia 68,601 | 2027 | Icebreaker
8424240 ROSSIYA Russia 20,680 | 1985 | Icebreaker
4622351 SADKO Russia 2,300 1968 | Icebreaker
9326586 SANKT-PETERBURG Russia 9,460 2009 | Icebreaker
7119446 SEMYON DEZHNEV Russia 2,315 1971 | Icebreaker
4575015 SHIRASE Japan 14,500 | 2009 | Icebreaker
9774422 SIBIR Russia 28,494 | 2022 | Icebreaker
7359656 SISU Finland 7,525 1976 | Icebreaker
8838582 SOVETSKIY SOYUZ Russia 20,646 | 1989 | Icebreaker
4771097 TANDANOR Argentina 13,000 | 2026 | Icebreaker
5352886 TARMO Estonia 3,916 1963 | Icebreaker
8417481 TAYMYR Russia 20,791 | 1989 | Icebreaker
8127799 TERRY FOX Canada 4,169 1983 | Icebreaker
7904504 THORBJORN Denmark 2,164 1980 | Icebreaker
5418197 TOR Russia 3,947 1964 | Icebreaker
9658642 URAL Russia 28,494 | 2022 | Icebreaker
7347615 URHO Finland 7,525 1975 | Icebreaker
9402392 VARANDEY Russia 7,338 2008 | Icebreaker
6814245 VARMA Latvia 4,121 1968 | Icebreaker
8417493 VAYGACH Russia 20,791 | 1990 | Icebreaker
9658630 VIKTOR CHERNOMYRDIN | Russia 20,497 | 2020 | Icebreaker
8127804 VLADIMIR IGNATYUK Russia 4,391 1983 | Icebreaker
4725218 VLADIMIR KAVRAYSKY Russia 2,300 1969 | Icebreaker
9658654 VLADIVOSTOK Russia 11,720 | 2015 | Icebreaker
5383158 VOIMA Finland 4,159 1954 | Icebreaker
8640246 VOLGA Russia 2,300 1980 | Icebreaker
8862662 WAL Germany 636 1938 | Icebreaker
China,
8877899 XUE LONG People's 15,352 1993 | Icebreaker/Research
Republic of
China,
9829241 XUE LONG 2 People's 12,769 | 2019 | Icebreaker/Research
Republic of
9911202 YAKUTIYA Russia 28,476 | 2024 | Icebreaker
4750627 YEVPATIY KOLOVRAT Russia 3,898 2023 | Icebreaker
7505346 YMER Sweden 7,470 1977 | Icebreaker
6521850 YURIY LISYANSKIY Russia 2,255 1965 | Icebreaker
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9945942 ZVEZDA Russia 68,000 | 2032 Icebreaker
9945930 ZVEZDA Russia 68,000 | 2030 Icebreaker

% opi

108 Ao =l sjglon] o] & 7% o A AejstH & 9650 Auto] @A) &
P QAL Autelolole

=27} Icebreaker Icebreaker/Research SHA|
Russia 52 2 54
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Canada
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C} =9 =24
0ol A4 28 BE 21y
(O Atlantic Meridional Transect (AMT)
S| o]A]: www.amt-uk.org
Qe
- AMT-UK= AN d= o]l =27

ol
>
Z
=3

- 19959V E 23} UrjNQ (mIME AE, o), 92to] ¥ Hopmalzhe] x|
- AoloflA] okt @ chshA wino] Pwolst HHE 43
- o] mawme A 1009 YEs AA crst AEAS st2Alen, IaA A

Al gepol BRet o AT oiE AAHAIA HYY FYANIA chsal

AJEfAI S 7t=A2 A8

E&:-‘-:Jc-:k

zores, Ponta Dal!gazﬂ_a:&



http://www.amt-uk.org

(https://www.frontiersin.org/research-topics/24988/the-atlantic-meridional-tran
sect-programme-1995-2022)

- AMTO1 (19959 9¢¥ 21¥ ~ 10¥ 23¥) ~ AMT30 (2023 24 21¥ ~ 34 309)

- AMT30& 20234 299 219YE 39 30U7IK] Alsi= oA

- RRS Discovery 4192 Efil —E ARR]S &FEsto] 65 ol ¢ SRR
PML, Scottish Association for Marine Science, National Oceanography Centre
(NOC) ¥ Oxford, Exeter, Liverpool, East Anglia ¥ Heriot Watt tjste] 26%H9] 1}
statSo] @ 713

- X5t Lisbon ©fst (x=2%7Zh), Michigan State University % NASA (O]=2),
Pretoria tfst (Fotz2|7hoA &4 ol .

- POGO Visiting Fellowship for Shipboard Training on an Atlantic Meridional
Transect (AMT) Cruiseg E3]] CICESE (MA]3)e] &Y w2 1w Arodsto] 42]

S8, T USA U AEEH U5 2t IRA 5 NOCAA F7bdos 54 o

d
il

L ocuw=
- AMT 2 &t clokst afstd o A|7F ZAME] o] QJony 235f= oQ]7} opduct A
23 gsolt Basish 098 BTy, YU BANVIA 1Y, YAY 54, U4
A, 1A wg 9 ojoj2& AA o] 2

- AMT g|o|EjAl-& British Oceanographic Data CentreofA] s AEEH 240,000
o|Ate] rhe 2ol 3807 o]Ato] mish =Rol.AiA
(https: //www amt-uk. org/Crulses/AMT30)

Chirorophyll & sorcemtralion img m )

- Vertical CTD profiles and continuous underway data
- Optical characteristics of the water column

- Biogeochemical measurements on water samples including nutrients,
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pigments, dissolved gases and particulate carbon and nitrogen

- Primary, new production and respiration measurements

(O United States Southern Ocean Global Ocean Ecosystems Dynamics Program

S m|o]X]: http://www.ccpo.odu.edu/Research/globec_menu.html

- GLOBECZ Global Ocean Ecosystem Dynamics®] kL2, 7]< Big}o]| w2 5| AHER
A} ot A537] gt =4 @7 w2 7Y

- o] 22 sl BHA kS AFACe=E AFLSt Joint Global Ocean Flux Study
(GOFS)e] 54 xA|2 Azt

- SO GLOBECE 03 A sief Ael st mz2 sl Agtow, 2ejs), 423}, a1}
Holo] apstabso] 7 @elstel ol= GLOBEC @ mz 13tolA 9 dolels 28
of st A2 e, ajato] JEALRO] TiFt olshE B WHAIE Flo] Fa =i

- O] %A= HlolE] W/t o] FofAof 5tH, HlofEl= MA &

- 0|9} =0, ICED(Integrating Climate and Ecosystem Dynamics in the Southern
Ocean) maahe JdIsho] 718 &8t AejA at, Wer|1steid 2t 9 x4 7t
S we) A gl ojgh SEHQl StAlAl A gAS ApE

- GLOBEC =g 71380] X|4-& vty QlS

- 0|5 ol =A] A5 &= U A5y, EUR-OCEANS?} IPY(ICED-IPY)Q} 314 =2X]
AT AARS Psto] A1

NBP0204 - GLOBEC IV

BOVV TEW TOW B5W SOW
528 erie o =

545

565 -

——— NBP0204 - GLOBEC IV
-+ NBP0202 - GLOBEC Il
-+ *NBPO104 - GLOBEC I

585 1 |---- - NBPO103 - GLOBEC |

608

B25 o

84S 84S

B8S

665

708



http://www.ccpo.odu.edu/Research/globec_menu.html

- SST, Salinity, fluorescence, pCOZ, bottom

depth, meteorological data. &

FEILF 20001 Stolq A5
- A%MOoR St AL 0hgo] HeF e FBo| ofs) &

sto] R &R0z =7dsto] Hlolg A7

Variable Sensor Serial Num. Last Cal.

Star. Wind RM Young 5106 WM45834 03/15/02

Port Wind RM Young 5106 Wh462463 03/15/02

AT.RH RM Young 41372LC 06134 06/01/01 (new)

BP RM Young 61201 01705 06/01/01 (new)

PAR Biosp. Inst. QSR-240P 6356 02150

SwW Eppley PSP 33000F3 12/06/01

LW Eppley PIR 33845F3 06/11/02

SST Sea-Bird 3-01/8 4071 04/16/02

588 Sea-Bird 21 1390 02/26/02

Trans WET Labs C-5tar2 5cm CST-422PR. 122001

Fluor Turner 10ATU-005-CE 5651-FRTD Uncalibrated

E'_
=

of=

O Alfred Wegener Institute

S o] X|: https://www.awi.de/en/
HEEER L

https://www.awi.de/en/about-us/logistics/schedules/polarstern-longterm-cruise

-planning.html

- POLARSTERN to the Atlantic Ocean in 2021/22  (expedition PS127) 7|7t =9t

Bremerhaven~Cape Town &S o|Z=skH pCO2 eoncentration, algal pigment,

salinity and temperatures A&5iA 57
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