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SUMMARY

1. Subject

Development of proxies for reconstruction of high resolution records of sea
ice extent

II. Objectives and Necessities

1. Objectives
Investigation for possibility of Greenland snow/ice records of sea-salts, MSA,
selenium and halogen to reconstruct spatial high-resolution records of sea ice

extents in Arctic area

2. Necessities

[] The sea ice extent in Arctic area plays important role in global climate
change and thus it has become one of essential variables to forecast future
climate change

[] The sea ice extent reconstructions using polar snow and ice core samples
have revealed the relationship between snow and ice core proxies and sea
ice extent are different from site to site.

[ ] According to the satellite data, the sea ice extents in Arctic area are
different between the sectors of Arctic sea, and thus the reconstruction of
sea ice extent using archive samples should be focused on the sector

properly assigned to the archive samples.

III. Contents and Scopes

[ ] Acquirement of Greenland NEEM and EGRIP snow and ice core samples



and analysis of all probable sea ice proxies such as Na', Cl, MSA, Se, Br
and I from those samples

[ ] Investigation of satellite data for the marine environment such as sea ice
extent, sea surface temperature and primary production in various sectors
of Arctic Sea.

[ ] Intercomparison between sea ice extent in various sectors and the probable
sea ice proxies determined from Greenland NEEM and EGRIP snow pit

samples.

IV. Results

[] Na+ and Cl- in Greenland snow pit samples show increase in the
concentrations from winter to spring, while MSA concentration and Br
and I concentrations increase during summer to fall and spring to summer,
respectively

[ The sea ice proxies in EGRIP snow pit samples show clearer seasonal
changes than those in NEEM snow pit samples, probably due to the
proximity to the continent

[ ] The sea ice extent in various sectors have decreased for last 30 years
except one sector of central Arctic Canadian Arctic, but the extents of sea
ice decrease appear to be different depending on the sectors.

[l FEach of the probable sea ice proxies in NEEM and EGRIP snow pit
samples shows different correlations with the sea ice extent in various

sectors

V. Application Plans

[] Further study of comparison between the satellite data and sea ice proxies

records extending the period to the last 30 years using EGRIP firn core

recovered in this project



[] Use of satellite data as the basic marine environment information for the

research of Arctic snow and ice core records recovered in the future
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ANA HZE FME ol&dte] 5 cme #WHES FUHER AASSeH, o HwolA
a
[

3ol 46 cm FA o2 F 70709

d A& ndddE et AsAAS FIdsaT (2" 13).

19 13. NEEM #3Z F4 & A= A3
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e T4 ARl WA Z2a F B 4 F994 ¥ (650 045 um
2

q NEE 249

3
1o
e

T2¢ L1102-i Cavity Ring-Down Spectroscopy (Piccaro Inc., USA)ES o] &3}o]
T4 o, VSMOW2, SLAP2 59 ®FEHS o|&ato] 4 dAxE HA5A
o (29 14).

Na’, ClI', MSA 59 o] 3% Y ZEA= A AT Dionex ICS-20003

Ao 20mM MSA &2 HS
Zdo] KOH &84S 6-55

19 15. CRDS Z¢Hd 59194 E417]

Ba, Se 59 "#H#aEdLAE FAA T4 Element 2 F%

iin)

o
i
)
N
=)

X,
oft
M

%

7] (ICP-SF-MS, Thermo Fisher Scientific, Bremen, Germany)& ©]-83}o] #43}
ATt (" 16). AR 24 Al AskR 54 WAANRY B4 AGEE FEAIT7]7
¢l ICP-SF-MSe Apex HF ¥ ACM X+& (Elemental Scientific Inc.,, Omaha,
NE, USA)& Als ESQiFe A4 Aol B4 7x2 HUE Frad (2
17, 7 vEFEE9Re AF @AE 011 pg/g (Ba), 69 pg/g (Se) olqow,
Aol A, 54 AEARY] v FEo] 4

FARTG 7t & FFEOE Urhuth WA A BPARY Se B ALS

o o
X @

Sh
1%
to
rlr
o
3
X
-
M
o
32
:L
U)
Hm

gto] HETAE ¥ L 24 A2/ =E FEA7IaA s (29 18). 1
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il

Peltier-cooled spray chamber’} 424¥ Element?2 ICP-

Ak Wiy tfstule A A%k kel dae]l AEIA= 242 50 pg/g (Bt 2

pg/g (D) olH, &4 @x= 2-10% oW Attt £A# QoA A5 wa SHE
231et7] e Alget Al Abololl 2% AALo® 90x7F Al HS s

2% 19. MP2 Hydride generator
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Ao v AFE Y3 HF8E Koenigk et al. (2016)9 4 A A% wpe} o] n}
dl=/7}2} & (Barents/ Kara Seas), Zd &= 3l (Greenland Sea), #HE % 3l/
¥ Tk (Labrador Sea/ Baffin Bay), ®HXY/ & Al#glo} 3] (Laptev/ East

o

3l

Siberian Seas), &% H =3 Y% a9 (Central Arctic Atlantic sector), T &
=3 HEE S

Arctic Canadian Arctic) 5 % 8719 si9 o= et ZF a9 i F&=, &
= 7 % 524 (Chlorophyll-a) WistE stelstdct (& 1, 71# 19).

Y o] 7% National Sea Ice Data Center (http://nsidc.org/data)oll < =& 3}

(Central Arctic Pacific sector), &< =13l 7t} 3l (Central

Nimbus-7 SMMR MSP and SSM/I-SSMIS Passive Microwave AF5E 3 19 A4
oY A= wgt =3, 42l dt (Cavalieri et al, 1996). 3% % A=
T3 717> 19799 1958 2018 597b4 o, 31k a4+ 25 km x 25 kmo|th
¥% ¢ A5E National Oceanic and Atmospheric Administration (NOAA)<]
Optimal Interpolation V2 A& (https:/www.esrl.noaa.gov/psd/data) S AH-&3te] A

AT AR £ 77k 1819 1295E 20189 59744 oln F3 AAEE /4%

GEh FE ARE Y

)
ot

}& 5= (European Space Agency)2] GlobColour project
A=
ALEsEETE s 9 A sole= SeaWIFS (Sea-Viewing Wide Field of View

il
of
o
2
rh
iy}
ol
B
o

ft

Weksl =24 - 25 (http)/hermes.acri.fr) =

Sensor), MODIS (Moderate Resolution Imaging Spectroradiometer), MERIS (Medium
Resolution Imaging Spectrometer), VIRS (Visible Infrared Imaging Radiometer Suite)
Az 7 E£3tE o] glom o] AFEL Garver-Siegel-Maritorena Y152 E3A
H3tE Qltt (Maritorena et al., 2010). #F5.2] % 7|72 1997 8¥+H-H 20184 5¥

A ol FZF AN EE 25 km x 25 kme]th
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E L2349 S B4 aste] wAAE HA A A T

Region Area number
Barents/Kara Seas 70-82N, 15E-100E R1
Greenland Sea 50-75N, 40W-15E R2
Labrador Sea/Baffin Bay 55-80N, 70W-40W R3
Laptev/East Siberian seas 70-82N, 100E-180E R4
Chukchi/Bering Seas 70-82N, 160W-90W R5
Central Arctic Atlantic sector 80-90N, 10W-135E R6
Central Arctic Pacific sector 80-90N, 135E-130W R7
Central Arctic Carnadian Arctic 80-90N, 130W-10W R8
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x2S AR AHZFTH S
Boeo] A" wakel qEAQ A7 1Y 949 Bae Bd 9AE o435t 4
stttk Al 4 A3, 32 m #Zole NEEM F4 «© A= 19 m ]9
713kl el Fh=

N
ox
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il
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N
S
]
o
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]
o
o
©
o
Do
(]
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Do
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]
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3
A
1o

A Na+ ¢ Cl-9 A5, A2 AZHAA #& Atold s% A7} YEY
(9 20). Kang et al. (2015)°] @Wa™ 319 &9 % a7t ASHAA &
A Abolel Yrtu= A2 o] Al7]ol HuiA g Avighe]l wEstHA e AHE
Axol 4TS Z7A7]7] B&EQ Aoz HuEYo ¥vhE MSAE T2 J
T34 7teol s= Azt et ol old Ao Baud I-T= i)
S MSA % ®wgel & dAsta gtk ol g MSAC % Wales w33 o
24 | F AEA WE=H dimethylfulfide (DMS)7}F th7] Fol A Aks}w A
MSA7} &4 5 7] ol AoRE ey v vt (Legrand and Mayewski,
1997). Se> Na', CI'$} FASHAl Aol A wHA s% a7t Yderwt (&
2, 19 19). Seol F= ¥ AE2HE FEHe ool =38t ald A
T gt FARE Ald WEE Heols 22 Seol olF HAANAM FE JA =4
of F&EO olFsty] W AEHAI} BHA H

JA =49 FdFol 7ol Wt Sed FHEF A SEe7] Wil HoE

a4 A Atk (Lee et al, 2015).

Cl MSA Se Br 7
Na” 0.54 0.09 0.45 0.14 -0.09
Cl’ -0.07 0.48 0.09 -0.15
MSA 0.18 0.32 0.17
Se 0.18 -0.28
Br 0.40
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stAl vpeERLFAL QlTh HEgH Na'ef Cl, MSA® Br 5 ¢ 7[do= 4dA U=

g ZEA el AR AAZE NEEM T4 + ASXRT HS =& gs Holi

Tk (F 3). ol A= HA R 9Xs NEEM A= F%, 1A¢= A
Zo) % opigst RO A /AT FY e dFL o= A=

=
B v, A g Ak FHol 98 EGRIP AZE dFe 4TS JuHow

Cl MSA Br I
Na' 0.72 -0.31 -0.15 -0.20
ClI’ -0.16 0.16 -0.07
MSA 0.49 0.18
Br 0.30

Fge woli Itk (2@ 22). AW BES i FAE NGEE ww, 2FH
ol molm vk (LY 22). vz d RDZF A 0.6%E 7Hd Wkl
simel gasta 9t Ao veged, dHn & (R4, AX/M & (R5),

2l A
g, wrd adds 3 (R T 58 Mg @9 Re)E o
(R o 0.03%% F7tsle Ao

¥ W3te] Aol adwE WA

qr 12

2 gehdg (29 2. oee sela 8y

2ol Y ZHA BY A HF ZFA QA W 2AE FAH ook »

2o sl A& ow idhs e Hole s EEses 2 14
A E T 5= 9 (RER8)H =HHE & (R4), HA/# < & (R5)oNA
A =/7bet & (R1), 2d&= 3 (R2), HE
= o3/ v W (R3)eNA = sfimtty th& W3t A4S Heola v (29 23).
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2 oy Ere i A 13 A Audol z+
ZF dE2A vy vk (29" 24). HX/ME s (REAA = W EEe 14
AR Zkel = 06339 AREE B dAdAe] M EA dergoen, dre
s /ANt (R3), eHelB/5 Alulgol & (R4), 5% &= A< 31 (R6)
SolAE 7+ = 0214, 0253, 0227 T o2 =/ et (19 22). 9, S
4 S8 #Ed sl RDA Adck sl (RY), vhAl=/7het &) (R1), 19
= 8 (R2) SolAeE s 13 Ak o Aa=7E £<0012 AR

(X 4). MSAE HA/MH &, 4 &5
o] AAAAE HolHW, [&= 19

R1 R2 R3 R4 R5 R6 R7 R8
Na’ -0.01 0.31 -0.19 -0.52 -0.46 0.17 -050  -0.67
Cl -0.065  -0.20 -0.24 -0.40 0.24 -0.49 0.03 0.18
MSA -0.46 0.53 0.37 -011  -0.71 0.01 -051  -0.70
Br -0.32 0.32 -0.54 0.20 0.36 -0.52 0.30 0.07
I 0.52 -0.88  -0.02 0.71 0.31 0.23 0.65 -0.02

Hhd, etElE/ E Ao de] dW wi=st NEEM F4 w Al&e] 7 49
FHBAE Holi 3tk Golden et al. (1998)¢] w=wW 3ol AAE wf s}F
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