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The development of the sea/drifting ice tracing

technique using particle tracking model data
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SUMMARY

Title

The development of the sea/drifting ice tracing technique using particle

tracking model data

Purpose and Necessity of R&D

Increased academic understanding of the distribution of Arctic sea ice /
drift ice and changes in the marine environment

Rapid decrease of Arctic sea ice, unexpected distribution of sea ice, and
increased fluidity of sea ice / drift ice require deep analysis and

research on the movement route of sea ice / drift ice

Contents and Extent of R&D

Developing a technique for tracking the movement path and origin
associated with the particle tracking model by using the distribution
characteristics of sea ice / drift ice detected in multi-satellite

Establish initial condition of particle tracking model for sea ice / drift
ice and analyze tracking result of 2016

Understanding of Arctic Ocean environment change using multi-satellite

data

V. R&D Results



O Analyze sea ice concentration, surface water temperature, and
chlorophyll data from a global, regional, and integrated perspective to

understand changes in the Arctic environment

O Simulation and analysis of ice floe tracking using surface currents and
wind field model data to predict the movement trajectory of floating ice

on the surface of the summer Arctic Ocean

V. Application Plans of R&D Results

O Improved performance and accuracy through verification of particle

tracking algorithm

O Investigate the impact on the sea ice / drift ice path by rapid change

in sea ice concentration

O Continuous analysis and understanding of environmental changes in the

Arctic Ocean

_Vi_
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A 2d =4 Vet 3%
LoaA/f 28 A

O IPY (International Polar Year): 2007d 3¥€ x| tjst A AZA FEO =+
A-gs ATE st FAd H.

O fryaded = INTAROSE = FAlesHTdSA2de 1 T9.

O INTAROSE ##H339¢F39 Sentinel YA A& = &8 4 A= 3
St FHATY AF#AE 229 IFEYaFs 2293} AAS T 9l

- Emery et al. (1997)& 198858 1994d7bA o] H# A<l sfo] 5 S A4tsts=
o 4 SSM/I AlA(125km 31 %=)et Fo](0.5km A=) 255 &&31H o
o, vawd /A gl He AL g =2 AYEE B (29

2-2-1).

- Plueddemann et al. (1998)= EIHE 279 H35 75 T+2& sty A8 &
7] B5F Holod ©A¥E ADCPY A& A3t XE 20 km AEY ¢ F
(eddy)oll A H+t 0.05-0.1 m/se] 37 %= #=.

- Timmernans et al. (2008) fF®eol| AX¥H ITP A5E °]&3slo] HHE 7o

A oelgste f39 4Ue BAStel ik YL Ao 549 P4 8

- /Y FAATY dso 2 Lavergne et al. (2010)°] A A]E motion
tracking "W <2 Continuous Maximization of the Cross—Correlation (CMCC)Z=,

ool S4gAel AEHE MCCHBOZRY d&Ho2 FHsE Wy A4
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a3 2-2-1. Emery et al. (1997) 8.5 GHz SSM/I ¢ xta =2 A4ke
-1994°] H#A 1 HE=3 &5 (sea ice motion). TS #&
59t NCEP A& 25  Hat 3f4H 7] (mean sea level pressures,
hPa)& <.
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Kwok et al. (2013)2 1982 FE] 2009w 7b#] oF 28W%Fe] A7) AEE o] &

A Fo IAAN EAS B AFEZHTFAJA AHAA ice circulation,

rob

drift speed, ice motion, geostrophic wind, ocean current A}l&==Z4-E decadal
trend®] W& ZASIA S (1" 2-2-3).
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A= d 2-2-5), 2001-2009 7|3 o FH o &g AIA
e o] A ujAellal, Fram Straite} Ayttt A k= Ao E3F o
ol s FEsHe W el AEetdvtal Baskls (Kwok  and

Cunningham, 2010).

a)} MY ice Coverage (Jan-1) b} Coverage Trend (1992-2010) ¢} Drift speed trend (1992-2010)
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FEL:
5|
B0t
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Year
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a9 2-2-3. (a) B4 iRl A (b) v ey 22X 3hA WEA (o)

R &2 B4 WakE. 19 bt c Aol £
2 2% g AU gl e 2 BR SR Ave: 9A800L

el (Kwok et al., 2013).
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a9 2-2-4. Kwok et al. (2013)e] A+ F = Y 7]7H1982 -
2009, 1982 - 1991, 1992 - 2000, 2001 - 2009)2] 7 -=(10¥-5
o) B3 s g H BE. (a) =5, (b) ol5EE

() &Y (d) Ftol 5.
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1% 2-2-5. Kwok et al. (2013)¢] A+ & & 4l 713H1982 - 2009, 1982
- 1991, 1992 - 2000, 2001 - 2009)¢] o &(64-949) H=3] aj= el
gk " X (@) 5, () oJFHE (o) WY HE (d) Bt

ol &%

- ITP (Ice Tethered Profiler):= WA o] :o]E FEo] F4E & UEE I
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- 2 ATl A ITPel A" GPS AR E o] &8t Aty 4= AR
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a4 2-2-6. ITP¢] T =9} 3] o] 4 %)% w2
(http://www.whoi.edu/page.do?pid=20756).
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itp83 (2015/04/10~2015/12/01)

a9 2-2-7. ITP 83, 89, 93] EFAA. HAMS Alzdoz A FEAH71A] o]
=3 AZE Yy,



- A 40d 7 559 s FEs] Aasiskor 20073 201230 HAE V] E
st (Kay et al., 2008; Parkinson and Comiso, 2013).

- APL/PSColl 4] 7§¥+3t Pan-Arctic Ice Ocean Modeling and Assimilation System
(PIOMAS, Zhang and Rothrock, 2003)¢.& 1979d%-¥ H 2017d71x ¢ &=
A A 4 wsE FASA T (19 2-2-8), 71 A 20179 10€9 B H
S8 s AAe 2012'(5000km*) €] 715K Th 1100 km® B2 6100 km’o] i
201063 A9 L3k 2017 10€ 9 A A 197999 108 A g 65%, 1979
w2016 Hyre] Aube] 3 owiH, 20173 oA HTH(ES] 20124) AN He
AA oz Alztste] 5e7bA] AL FA HAJAA R 6-10€e] B EATEFS o|HKE
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PIOMAS Daily Arctic lce Volume

20+

T
g
E 20

2
3

= +— 2010

2011

| H—n 2012

10 : 2013

i v 2014

+— + 2015

2016

- 2017

I—«l Mean Volume 1979-2016

n -

Jan Feb  Mar Apr May Jun Jul Aug Sep Oet Mo Dac
¥ 2-2-8. PIOMASOA 2t2d & H5aA4e] 4 W A&, 1979-20162]
Fit gvlel AaE 2A g 54 ddon mAH (WA
EF0A, 5] A EF A2,

http://psc.apl.washington.edu/research/projects/arctic-sea—ice-volume—anomaly).

- NASA Goddard’s Scientific Visualization Studioo A 33 2016 o152 3
WEEXIH (Y 2-2-9)0A4 & 5 gxo], BE Gy S8 2520 H

—1 =
E, HA sl d 53] iy EAFe] Ba



19 2-2-9. A& WA (911,000 mi)S 7)1 =3 20161 9¥ 10Y o] &9
SR, 1981-2010d Ht HA W 992> 24 w2 19
(NASA Goddard’s Scientific Visualization Studio/C. Star).

O HdS Aar7l= A rHd ojHde] £

S5 E A= 4 el ojde] EEetH, & TV 2 Y AR
Aol F7F (Comiso, 2003)¢F 1o W& FE=Fe] F7F (Belchansky
et al., 2004), A=A HFEE FE o]F(moisture transport)e] =7} (Groves
and Francis, 2002), &3AZ g3l Al7]¢f 22 aclo] HdH oz 2o, &=
=o] 23t Aol TtEstd sow H.

o
rol
=
o
R

o
A\

2] A32E (Francis and Hunter, 2006; Zuidema et al., 2005, Wang and
Key, 2005)°] <&, sl & #arsts F 8202 357 748 9 2 {F(FE57
T S7h® Qe st aEAl F7Fe] Faoldtar RuEgla, A

= HL SV EFdaHRe &SRt AA A 7]egke] ke

A= 235 B (¥ 5., 2015, proceeding paper).

0

Groves and Francis (2002)= A 9%l A W] E% moisture transport’} <7}s}al

E_Lo oﬂO

- el w7 AFsE AV BAAD AW WAl Frkstel %F AAHA F



dlako] Z7H(Belchansky et al., 2003)3tE A2 ©hx] sl A% W3l 8 ofyg}
ice-albedo®] o] =W 8o F H213}(Arctic warming) H=3F 7F&53) @

Ao R 4.

Serreze et al. (2007)°] 23td sje] A= Qg Ay WA F7t 2 F£F
b Al Fell Al t7] 2 &8k heat flux7b F7Fskal o= W71 E 7HEAIA 7
% %Y EAE 2747 29le] @ 4 913, NCEP-NCAR #aoA 9l
H HT F Ade] 2dsle dF s Hox dY E4= Qs HAsked, o
= %ol 7 &E st heat flux7t S Zajxan Aapgor 2usx o

e SRR FH FIEAG b % Aolet FH

N

gt dfFe] heat flux7F Wl i@ o sigtiel wX&= GgFol gt AFE
st Ato] w=w, 2001-2004d 9] R zFAae] A& IV fluxes 2359
HAZ 7]1=(Woodgate et al., 2006).

Southern Canada <##1°] Q&S Ao o= Pacific Summer
Water(PSW)7} =3l x]a1 9131 Shimada et al. (2006)2 ©] #4F341990d &
AWALE A4 A5 (2 2-2-10). 712H PSW7F =82 +9E — ey &
Fo] Futsjx] A= & %<=3sH(upper ocean circulation)e] Z3lFA — % A
$Hoceanic heat transport)e] S7+e — s|¥F FSHF7F 2 — aje]

& — A9 g Aol 2ol

RS



1) ¢hange mn lateral boundary condition 21 strengthening of sea 1ce motion and
for sea ice motion upper ocean circulation

L L}
i

i
: J Sea ice concentration anomaly [%) (NDUJ)
2 T

e .W'

o :
a f I Sea e velocty anomaly (NOUJ)
) -

6 retarding of sea ice Warm Pacific Summer
s Water inflow

formation near coast heat transport

3 increase in oceanic

L]
i i

9/ ice reduction M 4) warming of the upper ocean

19 2-2-10. Shimada et al. (2006)2] Atof] 23t T =ul A]x~® (3) 11¥€~1¥€2] 3f
5% o)A (19974 11€ ~2003d 19)-(1979d 11¥€¥~1997d 1€)] (b) 11¥
~199] ol sEE ol gt (o) wlA S EWG Arctic Ocean Atlas®] 7134t

(d) 99 3 5% o4 (1998 ~2003%1)-(1979d ~1997)].

- dA9 YAAEZ 1981-2001 < 20UzF EHZF
=

- Boé et al. (2009)= 21417] & ice—free blue ocean®] 2 Aolg}x FH3 (19

2-2-11).
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a9 2-2-11. 1979-20073 9] 9¢ 3" o 9 (September sea-ice extent, SSIE)¥} 187}
Sk

o meEleRg =4 o147]e dWeel. 14 AAL 1979-20069 9] Y E
A =(-8.6% per decade)=, HAL 1979-20073(-10.2% per decade), 721
1979-2008'3(-11.1% per decade)e “YEFH. A G A} wmgha, st 92
18709 mAEA Az F 22 1570, 1670, 177] 2de] stk Ade] &3t

(Boé et al., 2009).

- e 2dst dde sder A dojuA &gal A Y zol7F & (Ding
et al., 2014; Bader, 2014).

- 5T NS HEGeRTEH FAdHE AGelA M =gvtE s A AR o
= Wy P2 R dE(heat flux) T7FHF 95 9 S7H=2 A o=
FZ=19 (Woodgate et al., 2006) RHE 3]dS Al A3} 3HF(Beaufort Gyre)ol
ot olagt FHo R v @t FxsE A FolW (Serreze et al., 2006,
¥ 2-2-12).



Meters of Freshwater
8. 10 1 14

Y,

% 2-2-12. Serreze et al. (2006)7} A4EEE 914 €¥ dighal Polar Science Center
Hydrographic Climatology (PHC)S] i 7t &2 vy 992 X3
(31 Al ). 34.8 AR S 2z 3o Al Ak
(http://psc.apl.washington.edu/Climatology.html).

= o]%7]Z0o] 5°Cell EstRd 2007 A& (Steele et al., 2008), tho] 8=

o] = ?l?‘SH 20073 &9 A7l ESF BHE §o EAste iR Y S5 v

mln
flo

ot

=kthar F%8H(Shibata et al., 2010; Perovich et al., 2008).

- e 2= o]l AFEI] ol del ojv] ek ol EjdeldA F4(solar

T - o

energy absorption)® <18 sj® o] = dth= Fo] AAS (Steele et al., 2008).
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257

ol &ol| W37} A7) H(Serreze et al., 2007), W1t <] s)

(Arrigo and van Dijken, 2011).
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(Rainville and Woodgate, 2009)3}= &, H=2 da IS 2dste AAE

o] BEER WAL UL

Perrette et al.(2011)& 7R AJHo] GAF o R Q3] EF =2 FUddA F9
&
i

H
of T 4 At FAHel WA 2AY et dvn FAY oAy w3
Agel BeH @M YA g APE Aol Yov] JHAA 74
o) Baw A4

55 293 dde -8t A A FeJEIN ERE, 59, DRF; direct
radiative forcing)s A73% A H=9 fWeL, iF5T2S LiW 243
(near-surface warming)2] o4 J a Lae
SH(warming aloft)e], DRF+ %= dlF¥ =3 (Arctic tropospheric warming)
of #ojsti= Ao =2 ¥talF (Screen et al., 2012).

Ding et al (2014)E W7+ 2D (ECHAM 4.6)S o] &3 Fxrolas] Aus
& Ao ¥EF2 S717F extra-tropical Rossby wave train®] 52912}
2 Zgsle], H 2 A a3 EgAY HENorth Atlantic Oscillation) 2]
negative trendE °©F7]stal &5 Alurtel 2= X 9S 2dEA ke A

= Al ok s (2" 2-2-14).
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19 2-2-14. Observed trend pattern of annual mean field for 1979 -
2012 (Ding et al., 2014). (a) 9HT ASTTFLo2HH A& §4
3o A9 99 =% A3¥ EA=(per decade)E YEH, (b) 300
-850hPa =%, (c) 200hPa #A| 232 €lAd 31%(Z200) (d) 200-hPa #] 2
A 1% non—zonal ¢A HEM oz FAE ®WEE eddy
7200 # e 93 wave activity fluxo]il, (+)& FAE 9L 99%
o]Fo] AFEE Hol= o .



gE o7 Ao ofF -9 Aol yFste] gk A4 BlE| H=9] 7
& S (Hu et al, 2016). Hu et al. (2016)2] <o wW=w
obefd ok Ay x(Central Pacific El Nino; CP) 348 tropospheric Arctic
polar vortex®} circumpolar westerly windS 3 AlA H=F9] 243t} &H 9
SZee U stol, 52 559 Wastet sy Srtel #ofdt CP+= walker
cello] nino4 %ol x| o, T & A x(eastern Pacific El Nino; EP)+=
Nino3, Ninol+2Zo] $Ixg wjE AdA =4, CP dyx<l 4%, El NinoZ} 21
kAl H-A = AL, thermocline-surface?te] Atz 2F-8o] At} 33
A A Aol Bykt olF 200 hPa A9 3%=(H200) REOF
AVt ESoiFae] g dAdAAL] EAe=d, (29 2-2-15, ¥
2-2-16) tropospheric Arctic polar vortex (APV)Z A3A 7)== A3 (E3] 7Huo}
A AHE ok7lstar AstE APVE &5 7I$E 2EE d7]2%(T925),

LST,/SST, SICe] 3 mH S,



S5T and Prec associated with RPC2
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Correlation Correlation
c d
Normalized RFCY and EP index, JUA Normakzed RPC2 and CP index, JUA
3
2
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3 0]
- o
=3 4 - : : e
-3 v v T - - -
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Yinar
e f
ERA=-HZ00 Reg. on RPC1 ERA-H200 Reg. on RPC2

EQ . aid . - .
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gem apm

HoF (Hu et al, 2016). (a) 9: 99 FJAAFE
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29 2-2-16. 1979-2012:d%ke] At ddfele SST Huby &2 ko] AAAY

Ding et al (2014). a-d, 1979-2012\d &H1{F(0 - 885u N) 200-hPa A Z®ld 11
2(7200)¢F Eoisl 9(20°S-20°N)SSTe] H sk 4 A3 a) Z200 HH (3L
A, 10m 2A)# ddisl e SST(RA £9)2 1EEE REdd o) aolA yErd
720004 )2 SST(FA) e AAE WHE. bek dio a, coF o 2REE °
vl a9} be] HAEL ¢, do] AAIFEY 1 F+HAXF(one standard deviation)= i A
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O European Centre for Medium-Range Weather Forecasts (ECMWF)

[e]
] 3H ALE-H AsE= ECMWE9] ERA-Interim 2 £ 25
(http://apps.ecmwf.int) .

- 2 Aol siel Arivst 24 B s/ aN 4 dadse] 2rvle=d A4
%

ol FHPIL AT el "9 EH9 60% o]/de]
= 0.125°¢] A5 = dHEY Q. ERA-Interim9
TS AE5E T35t A TA

=)
=
NFoE e vhg ARY AR AT AWEE Aut

- 7|Zte] w2} ERA-Interim® o] w1l ERA-40, National Centers for



Environmental Prediction (NCEP)2] Real-Time Global SST (RTG),
Operational Sea Surface Temperature and Sea Ice Analysis (OSTIA)E A}
T8 AREeH, 7 13 dHlelEd = wiAd A 4D WMEY 7|Rke] A5 Es)
£ &3 AW s=7F ALE Dee et al, 2011).

- Y B Al 19799 olE R AA7A AlwEHT Yo v A oo 9
o] AAstE A v ZA (oA 1*}°](O~100%)-‘¥ s 7HA.

3 o o < XP%@@% s 24 Y E= A gkl
z|

- ¢aglES Tl T Gce floes)s FAstazt Aldl Adgle]l =3 Ao
+ Central Arctic ice plateg A <¢Jsl7|= 3. FH-2> W I(ice plate)e] 7=}
25H =94 4= o8 ALH7] "itdd FAF A4S F8 0E Ao
afFsts A E=(%)e YA Aok o AAE Wl AAIGE o]

9= darels /A EolM Al

- AR 4R S 918 ECMWF ERA-Interim®] % 2} 2(1979~2016)8} =% w}o]
azs A9 SSMIS #WAEE AH43 ECMWF ERA-Interime #A|%-4] 2}
2o FHOR FHOIHE THSI Qe ww, sk 25 kmel SSMIS 4l

A Apgel HE) sl dErE 258 oA 7] Wi e HeHom ARk &HA]

A

T Ao R AFV|HE AT 49 ECMWE ERA-Interim®] 7] H o] H
T g3 AHEE Ae® AlRE (19 3-1-2).



ECMWEF INTERIM monthly ice cover in Sep, 2016 DMEP SEMIE maonthly ice oover in 201609

2% 3-1-2. ECMWE(#h) ¢t SSMIS(--)¢] 20161 9¢ alW s X A&,

T2 el T AE A dfE o] BAEH Wl HlE Y E

w3 Lu and Li (2010) 72l A] 72’51% BEAEE 7INCE

o NEEdsd, of Aol ol W ARG W sE=ARE A M|
H 3-2-3% W EEel wE e e ode ydsta =

71 B A7 g S FEL (b)eF (e)d aHFE™M 1H 3-2-40]A

oF 5% olate] SMBFEES 7Y (Cl 71F). MFE} we fow Udsu
(d)-(b)-(e)-(fH)-(a)-(c)(0%-18%-73%-79%-80%-100%) ol ZAy}H o= 121

(fast ice) 2255 fFHo] A= A oF 80% Aoz FHH.



(dy e} n

a9 3-1-3. AW ¥ 94AE(Lu and Li, 2010).
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Li, 2010).

FEH A EE W E, a-f= ofd
3 =

2 x

- a9 3-2-5% §9Y ard =& yE. (Lu and Li, 2010)7F 853 AR
Agol o)Aste] fHe AV E EE 9 ~50mPl A EAsH 2 o)A FAi

el e vheh,
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29 3-1-5. Histogram of the floe area distribution (Lu and Li,
2010).

- algel M RS Ao $A9e T wsy] B WY 4 Mgl

2.

—r

R AFARE A4S 7bs,

A/6 54 2d 73

HYbrid Coordinate Ocean Model (HYCOM)



rk
5
e
9
>,
rlr
Jo
o
lo,
o,
offt
M
ich
il
)
[
ol
N
do
ot
Hr
4
lo,
Jo
db
-
BN
L
L
fo
o
2

M9 H% AzE T olde ¥F 84 544 HYCOM

Navy Coupled Ocean Data Assimilation (NCODA)7} A &% A X R A

2]
Az A& AR Aol fF& F8, 9 sol 20089 9¥ 194 FH A A7HA

A2 S AREet= HYCOMONA 3l Ev 1/12°¢1 Arakawa C GridE,
£ Abgste] Uy doks RS ABE Bosta, A

R 32709 Levitus ®E 54 @ Amolm B w9

-

A vksko oA AR
A

ok
Mg
rir
N
bl
lo
4
iy
Y

%= A5¢ CTD, Argo 59

N
oft
o
rr
f
o
ftlo
S
op
rot

Kl
ol
5
rfo
N
5
g
e

Hr
4
S
lo
b
of\i
o)
=
rir
o
=<
Q
o
=
=
o)
2
of
_O|L
rir
e
i3
=5
of\i
Jo
Jpx
_|>i
i
il
>
ofo
i

FAAow dfel @ el olF g dFu fw =ed § Fie] 2§
S|
ZS|

< B9l o, ECMWEFel A A& 3t

4 1958 109 319714, 1539 7+ =399,

ol
lo
N
)
rlo
DN
(@]
—_
(@)
rV‘
(@)

2o Ayel #HAZFo AFRE ITPE = 47FA &, ITPR9 (06/01~09/06), ITP97
(10/02~10/31), ITP98 (09/29~10/31), ITP99 (10/01~1031).



3-1-8. ECMWFel A
Wind A

A

A&
ITP97(H

= 4),

3-1-7. ITPelA

ITP8Y(
), ITPI&(

1
1

a9

Z

045 05

015 02 025 03 035 04

3-1-6. HYCOM®ell A

0005 01

a4

=
X

), ITP99(

=

A

ﬂo

=

il

RK4 scheme<

1=

2 %

e}

=

sk T

°©

J

A
pul

=

1 A%

o
L

i)

o

- Leeway effect:= 84

_2_0
B

o)

B

1

k9
yul

of 9]

“

2F

3l B}

o

—_
o

jang
il

leeway effectS H| &4 o=

=

=

A

Tl

leeway effect

d

]

1

k9
pul



2% 3-1-9. @ flol FE e = Al
£3to] WAISLE Leeway effecte] 7d®=.

Wind 1o

Leeway Drift
Direction

[

RWD =+135°

- gl g@ 9gEe ueskA
B¢, 712l 5
- FE EEOR o
o fE AATE gl ARt w5
- ol e olF A R
Malets AgALS HEEE Ao
0601 0701

Wind 1o

Leeway Drift
Direction

“wm ks ¢
13k ITP89 A

RWD = +135°
f

nhgro]

o
ol
ot
Ho
ok
o
o,
offt
)
2
filo
ol
o,
ot




1002 0929 1031

a4 3-1-11. a¥ 3-1-12. sfifvks el g ITP98
AlE ol Al AlE ol Al

1001 1031

g 3-1-130 sleke el gk ITP99
AlE ol Al

- whgrel S@ leeway effect® melstel £19 oF AME woF Ag, AT
& nPHYe M vehbd gl $%om olBehi fye) SAe]l HmA
[e)

4 melHw glow sEo] Hi TP §A18 A== olFate Fa4e e,

|
Ho
ok,
=2
2
ofo
p‘L
rir
2
il
fo
jud
I
o
Lo,
=
-
>,
)
=2
=)
)
2
g
X
T
o,
ol
p
=
rot

- Azbel we del mee Frbeltl et

o

o] upehpu, vhgrel o @



leeeway effect®] H| &2 #HAsttrt S7kstes 43S JEbY (29 3-1-15).

Wind Forcing Rate by Time Tracking
T T L] L} T T .l CL;rrerl]t T T T T T T
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§3 =o] astid GEFIHARE Ao ATHHOR HE TR
om BAL F9Y 5 AL

O 3AIE FANN AFHom AW/RW EF 3714 5ES AETH} FA
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of BIAFBA Wl ofMF FF& Fu wstE BASY] e 1A

O Al JIAE #A3H7] g A5 E SeaWiFSe MODIS-Aqua, OISST, ECMWF

£ gHsidlen, grd Aae vt 2

1. Sea-Viewing Wide Field-of-View Sensor (SeaWiFS), MODerate
resolution Imaging Spectroradiometer (MODIS-Aqua)

O NASA?Y AF#=A~®(Earth Observing System, EOS) T 2ZAEZ 19994
1290 AL Terra Ao &4, 295 AlFoz F HAR 20029 59 Aqua
el FAlE., MODIS+ #3AAZ dut #5947 2 36719 3 oo
o2 % 3 JUMFAEI AN AsFHel THed

hyper—spectral 414 <],
O HF8lde 224 ArdstE £4387] H8 A8

O MODIS &2 3671 AE oA 8% 250~500 me] 37§e] &S o] &3}

e

O MODIS @4@4el o &5 370 Ade A543t Red, Green, Blue 4
Aol g 47t B33 Aow o 5% RGB RAVIMoR Aelsd I,

2



A AT e ARES A g EAFEE MODIS 4% 4

]_

off

O SeaWiFS¢} MODIS-Aqua®] HHAFE(remote-sensing reflectance) AF5E o] &
o HiAl daElEe 0C4veel OC3veE A gste] F=2=2d Fx& A4l
(O'Reilly et al., 1998; Arrigo and van Dijken, 2011,
https://oceancolor.gsfc.nasa.gov/atbd/chlor_a/). F2&% & A AL &y

g (4 3-2-1).

ot

4 R,.,. (;\Muﬂ‘ ) :
logio(chlor_a) = ag + Z a; (30910 (m))

i=1 green

(2 3-2-1)

O SeaWiFS¢t MODIS-Aquas AAE 3gke] <43 o]zl A7) wj&of,
SeaWiFSe] Z 9 A w4 Qe zko & 443, 490, 510 nm A<, 4 9} o=

555 nme] W A8

O MODIS-Aqua®l 7

o
o
nmel sH3e Ageh @6l @ Y ASE e Esh 2 (F 3-2-1).

3 3-2-1. SeaWiFS(OC4)¢t MODIS-Aqua(OC3M)ell A &5 += dag]ls el ¥

Al

sensor a0 al a2 a3 a4
oc4 SeaWiFS | 0.3272 | -2.9940 | 2.7218 | -1.2259 | -0.5683
OC3M MODIS 0.2424 | -2.7423 | 1.8017 | 0.0015 | -1.2280



2. Optimum Interpolation Sea Surface Temperature (OISST)

O EFFeARE 2HAN M= olfshel It Al TH % ol
Ja Am £l WA, 7] WES EAY ol@sld ¥ AT

NOAA| A A-&3ti= OISST (https://www.ncdc.noaa.gov/oisst) S AF-&3}.

O 198558 2016 744 2

B A7) el A H A )

oy

O OISSTE tha FAF(SAY, AM, o) #3 422 ATHE AR T8

O &3} AFeld=s 42 25 kmet o Agolv, & HPolA= 4 AwE 4

Ol
o

O OISST+ =ZA AVHRR-Only$ AVHRR+AMSR F7HA] 449 A5& A
™ AVHRR-Only= A AES &l dojAd AVHRREZHFE ozl %
= A= RS ARESE Zlo]al, AVHRR+AMSR+= AVHRR¥ AMSREF &A3}
71ZEQ1 2002 F-8 20117441 8] 52 A5E WEsh7] wiol, &7

8ot 2Y9<s 9@ AVHRR-Only A5 & AFE3

ol
e 4

M

1%

©
=

3. National Sea & Ice Data Center (NSIDC) Regional map

O BIFWsAge 58 febdol, oblelsh thFo] wbi WAl Pt

O Aoy BIFde dA4H3E AyH7] 98iA] National Snow & Ice Data

Centerdl A A &3tE 319 AEE A83t9om (18 3-2-1) NetCDFE A o =2
A 3= A A Gl R A& = A & Ao = =AM

(https://www.arcus.org/sipn/sea—ice—outlook/2016/august/call).
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1% 3-2-1. National Snow & Ice Data Centeroll 4] Algst= a9 A%, 1.
sl w20 vk vk 30 adds & 4 vpel= & 5. 7het S 6. "El =
af 7. FA Mol 3] 8. HA & 9. HHE 3 10. Ak} .
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- 5 ATE 59 45NE VFoE FHE VYol EHTE =201 Positive,
% 7o) B=rt Yo Negative & 23S el (18 3-3-4).

Positive phase of AO Negative phase of AD

-| Wind Ekman pumping O Beaufort Gyre

messp  Siberian River runoff input *l‘r - Accumulation/Decrease of freshwater

9 3-3-4. AOIY| W& ®H¥E ztolo] W3l (Bourgain et al. 2013).



O NOAAOIA Al&ste= AOIE 7|Rre = sA(12€, 1€, 29)9 €4 A AOI

A (198 3-3-5).

dolH,

2009

19 3-3-5. 2010 K-8 2018 7HA] =A41(12,1,29)
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NOAA Arctic Oscillation Index Winter
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- =7 #H+ AOI 5 74 =& PositiveE H.el 201719 ITPE &HA(7-99) =<t
012 m/s, AI(1-3¥) &< 0.10m/sE YE.

- 20173 9] Beaufort Gyre 49 ITPE Gyreel olEwt7 o] vlw 3 e AL e

e

ITP099 [2017]

o ‘ £

0° 0®

12346567 88 10112 1234567 88 101112

2% 3-3-6. A7 T FA " Hi AOIE UER 201793 #H A4 AOIE o
Ebd 2010 9] ITP.



Al F1t AOIE Hebd 20109 3 2017d 5 o= HIE 3jof A

=
[}
VAR ARG 9 (1Y 3-3-7).

- A H AOI7F Hil Positives WERH 20179 79, Alg@ol A +d
H BRAE &9 Y/ FHY olF Fxv Al 012 m/s, EAl 0.10 m/s =
A E Y HHE sjo &3]3+ Beaufort Gyreel SHej7} 719 vebubA k&

- 9 FA "33t AOIZF i NegativeE YERH 201003 9] A5, Al & o] Aol A
THE BAHE ¢ sf/FHe ol £ sHACl 013 m/s, FAl 015 m/s
2 ALY HHE o EA45tE Beaufort Gyreel FEj7} S8lo] e

Positive AOI [ 2017 ] Negative AOI [ 2010 ]

2007 10 31 BO°Y 201012 31

a7 3-3-7. A7Vt T A Bt H3 AOIE YERd 20179 H HA AOLE Y
B 2010 9] 19 1€ 58 12€ 31Ld7bA1 9] dAF4 AlEgold 2



O A Hi AOIZF 7 09 7H7hs 2016WS 7lo=Z st AOIZF FHU
Positive/Negative® YEIH F A% AlE# ol ZA3E vlu (1Y 3-3-8).

- Beaufort Gyre7} £A43tE BHE dfo| A Fadw AxF2 Al & o]l Al
A, A EHat AOLIZF 7 0ol 717k 201613 2] 749~ Beaufort Gyre We| o] &<
S+ Hit 012 m/s, Beaufort Gyre 7F4Akg] 9] o]lsH£EE Hat 0.17 m/s= 7

il
%

H

2
it

- Beaufort Gyre7t £AlatE BRHE &l A F3E GA54 A EdolAde 24l
A, A B AOI7F 71 2 Positives WERH 201709 749 Beaufort Gyre
o] o] s&HEw it 0.11 m/s, Beaufort Gyre 7HgAtg] 9] ol s &%=+ H 0.13
m/s® ALkE.

- Beaufort Gyre7} £A18l= BHE &jo| A FhH AxF2 A& gﬂ o] A o] A}o
A, A Hi AOIVE 7FE 2 Negative= e 201008 9] 49 Beaufort Gyre
o] o] s&HE+ it 0.13 m/s, Beaufort Gyre 7H3A2] 2] ] E£o= i 0.20
m/s= AE.

Positive AOI [ 2017 ] AOIl [ 2016 ] Negative AOI [ 2010 ]

201710 31 20101231

a9 3-3-8 ATV T A Wi Hi AOIE dERW 2017d 3 H A AOIE YhE
4

w2010 AF71%F & AOIZE 01 20166l gk YAF2 A&7 o] A<
AWA 5.



O AOI Ao w2 Beaufort Gyre / Transpolar Driftell A 2] &%/ 2

o o %
F Aoz #AE] Asl BFel AANAL QAFH ABUM Y (2

o

jait)

- 57 "1 AOI7F 7F¢ 2 PositiveE YERH 201739 A9 A Ed oA At
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Empirical Orthogonal Function (EOF) analysisE& &3l
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3-4-3a).

O K& 2+ 579%° 131 7-109 9 W7t & (¥ 3-4-3b).
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Ay 6¥9o Zasty] At of 8-9€e Hue ¥aE Holw 11-59=
A8 F7rsE (29 3-4-30).
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Linear trend
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(81.26%), (b) EOF mode-2 (2.61 %), (c) mode-1 amplitude®] gk, (d)
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H 6 & A7)0

Factor

2ot ofl M

Resolution

Duration

sf 2l 2tstr| = 2

Website

HYCOM
(HYbnd
Coordinate

Ocean
Model)

Sea surface

current

component (U V)

1/12 (0.08)°
Daily

ECMWF
(European
Centre for
Medmm-
Range
Weather
Forecasts)

Wind component
(U.V)

0.125°
Daily

OSISAF
(Ocean and
Sea lce
Satellite
Application
Facilities)

Sea 1ce dnft
(U.NV)

62.5 km
Daily

2009 - 2018

https://www. hycom.org/

https/‘www ecmwf int/en/
forecasts/datasets/reanalysis-datasets/
era-interim

fip://osisaf met no/archive/ice/

drift lr/merged/
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