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- AFHd 2= ASS 1.5CZ Agksld 2C Ab5ol wvls] 43 7| $Hs}
AP dutad = 922 #AI(IPCC EHWR T4, Global warming 1.57C,

e} AR
201814))

— wl= T FH 71 H (NOAA)2, 20066 ol & wid WEstes HFH
A7F=(Arctic Report Card)’ell 4 Al7-2d3tz Qlgh H=2 WeE F
AstwA 53] H=o] 2dsprh Agdsiuc o wEA Y E=
S % @A FEFI) 55 5% dAS H=9 2dst o E

R ]
Al o] 2ustrc o whE2A A== daks 9w ghe)

12) https://sites.google.com/site/dynamicplanet1234/periglacial—environment
13) IPCC, 2007: Climate Change 2007: Mitigation. Contribution of Working Group III to the Fourth

Assessment Report of the Intergovernmental Panel on Climate Change [B. Metz, O.R. Davidson,
P.R. Bosch, R. Dave, L.A.Meyer (eds)], Cambridge University Press, Cambridge, United Kingdom
and New York, NY, USA., 976 pp.

14) IPCC, 2018: Summary for Policymakers. In: Global warming of 1.5°C. An IPCC Special Report on

the impacts of global warming of 1.5°C above pre—industrial levels and related global greenhouse
gas emission pathways, in the context of strengthening the global response to the threat of climate
change, sustainable development, and efforts to eradicate poverty [V. Masson—Delmotte, P. Zhai,
H. O. Portner, D. Roberts, J. Skea, P.R. Shukla, A. Pirani, W. MoufoumlI—Okia, C. Péan, R.
Pidcock, S. Connors, J.B. R. Matthews, Y. Chen, X. Zhou, M. I. Gomis, E. Lonnoy, T. Maycock, M.
Tignor, T. Waterfield (eds.)]. World Meteorological Organization, Geneva, Switzerland, 32 pp.

15) NOAA, Arctic Report Card, https://www.arctic.noaa.gov/Report—Card/Report—Card—2021/ArtMID/8022/

ArticleID/948/ Surface—Air—Temperature

16) Nature(2019), ‘Arctic amplification is caused by sel—ice loss under increasing CO2’,

https://www.nature.com/ articles/ s41467—018—07954—9


https://www.arctic.noaa.gov/Report-Card/Report-Card-2021/ArtMID/8022/
https://www.nature.com/articles/

[10d skl A A7+ A Fof o] ibsighAof W3} FA1D ]

The figure shows daily averaged CO, from four GML Atmospheric Baseline observatories; Barrow,
Alaska (in blue), Mauna Loa, Hawaii (in red), American Samoa (in green), and South Pole,
Antarctica (in yellow). The thick black lines represent the average of the smoothed seasonal curves
and the smoothed, de—seasonalized curves for each of the records. These lines are a very good
estimate of the global average levels of COs,.

17) NOAA Earth System Research Laboratories, 20220715. https://gml.noaa.gov/ccgg/trends/gl_trend.html
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A ST A AF 7)GASa0NA S5
Het A AA7]29] anomaly!®)]

The figure shows mean annual SAT anomalies (in °C) for weather stations located on Arctic lands,
60—90° N (red line), and globally (blue line) for the 1900—2021 period (n=122 years). Each
temperature time series is shown with respect to their 1981—2010 mean. Source: CRUTEM5 SAT
data are obtained from the Climate Research Unit (University of East Anglia) and Met Office.

— ¢ A=, 1900~2021d 8 = SAF(ETRA) 3 A R Tk 9
AREE o] AF FAE 7|53 AR, 20001 o] F H=9 ol AF
(Agt A7l Ht A7 E(1981~20102] Ht)ell 4 vkt
Hofusrte BAFe FA)7F el He ASAE HAFL Sls

(NOAA, 2022)'®

18) NOAA Earth System Research Laboratories, 20220715. https://gml.noaa.gov/ccgg/trends/gl_trend.html
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[71$exd 55947 F9%E 2 ks =9 (Wm °K™) 2.
N FEvb w2 710 w2 7|2t diE (a)SHE, (b) 7] HE,
(0)T57], (d) 75 =]

o ofe I Adg|ol 7|ste] ZsHE Ao diste] 7t 7|Fe 450 =W
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2k 0.71K ol =T dd, 571, 75, 7] £3, 222 dulE 245
o3 me=we zkzk -1 26K, —0.60K, —1.00K, —1.13K, —0.09K ©]g1-3-20)

19) Hwang, J., Choi, Y. S., Su, H., and Jiang, J. H. (2020). Invariabilty of Arctic Top-of-Atmosphere

Radiative Response to Surface Temperature Changes. Earth and Space Science,

e2020EA001316

7(11),

20) Park, T. W., Jeong, J. H., Deng, Y., Zhou, R. and Cai, M. (2015). Quantitative decomposition of

radiative and non-—radiative contributions to temperature anomalies related to

variability. Climate Dynamics, 45, 1207—1217.
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T
ol
=

ZF23 nkek(Liu et al.,, 2013, Nature Geoscience)?22), Ethxjek 7|5 ¢} sjjoF
2718 FF4 3 WA IAE 7FA7] wiEel olzdt s HS3hE e W
37t e E w]EgE Fopr|o} 7]t MR AFgitts onE THA

o T Folrlo} E7|Fo tE HEES 7Tl HAA]] e vw|AH, o]=
ghel=o] A8} Absle| AiEk dee Fi odw. A5 &0 = (summer
monsoon intensity)7t FoFA|H ZdrEFo]l Fkelal FHAQl F9-9 HIETL S5
7tste]l 7 dod FES Foli, AL EY AUt FolAW ThEe] &
AEet x| &5]o] aHE] 3o FUIg &, W& ov|oA] Bi 5537 W
sh7b 2] =7ke] AR} Alslel & &S £ F odw. SHAIRE ofA|7FA] S e
A= HF4T Ntee] 7|FAA e digh AW E e R she AT =
A o] Fo A A o AFEl). whebx] HS3E 0 dA) W 3 wste] oigh

21) Xie et al, 2023, Enhanced Asian warming increases Arctic amplification.Environ. Res. Lett. 18,
034041.

22) Liu et al.,, 2013, Links between the East Asian monsoon and North Atlantic climate during the 8,200 year
event. Nature Geoscience 6, 117—120.
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26) Arctic Monitoring and Assessment Programme (AMAP) 1991\ 53373 B3 A 74 U H7}
& saels] g8l AUEL, 1096 HFolAls Ag ¢ AA1FoR wE

27) IPCC(International Panel on Climate Change) sixth Assessment Report—Climate Change 2021—The
Physical Science Basis; Summary for Policymakers, 42pp.
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[ H%%T%@—%%X}il-‘ll(Ny Alesund Science Managers Committee, NySMAC)
b =29 o] ULdeaaly) x]E o

7| & B3 =7} ‘i—l 7]1”& ATEy 2 &S 9d) 19949 A
o (93 YUY A9 o gEAsl @RS <
H AW wFel £ Fopd YUt gim T
o ESiibaelr|x] odel Al FA|S|oE A, fElvielrt Ydsapelr) A&
NA ATE FPS 4+ = Ao HYS Zu g
o (A JdsHe|xE o fetze g oo F9l 117 =71 187 3 7)3
24o] Kings Bay 5 41 47 713 Fed(=2slo] FAAFA(NPD) 7} AHF=

715 5 )

B A &EFUS E 9 I (Sustaining Arctic Observing Networks, SAON)

L]
~

MNQ) HFol|xks]el HF3eteds|7l FF5o 2 55 TUHHI doly FF
leg x&715EA A Qstaa A ZA7 dEYIE 2007d AMAP
zzage] FRA0E A5

S

o (93 53 U3 BSAE xEA] TEEEE AY/EHs] e, 53

A5 9193](Arctic Data Committee, ADC)&} ISV EH T3] (Committee on
Observations and Networks, CON)E At =7} 7t 5= A+ UEYIE X g

32) A&, 2021, SV H=4E, A4 vk, 202pp.
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ADC3 CON = $19181 Ahgabsel 35 B3 Aol o Af5a AT 3l
AEge AFelm, BFe WEE AE5Hos mides] g A wo

sebd gu Fel Ae AT U

_l
o:

diole] Aot It

FAlelH H5HE dolHE | FHstel ME o|47]F AT()E T,
7 BAstEo] tr] Jleg © FAAA BF Aee Holw, d|5Hel
Sebrbe BT 2ol ME ol J1F A )k HF edsHA @e A

del AEE devte vldA wEvEt SATVIA wWE AT
(WMO)ell A& d=< 7IEste] 2A7A AAF =& A4E)= oldst

Aol b AR

535 SA dele7t &FF 7| Fdl il 7| el Alg2 T} %‘1
& o, A9 ¥FAE FHe FFAY (ECMWES Z - olv] gstag &
717 7)1F ol i mHo] Frlsted A A — o]E & FHEHIL W
ARE AFAE FHstes Zo] Fosirty ddEw Ada Jd¥s FU}
sh= Aol Fa3% ofgy WdelE DB #H3 Fo3 Mder gevet
Ao AFEATE HeAla, olE FI ElHamoR = e 8T
713 4

mekA, FA Gl A E 55 = el Ate] HldlolE =, FAATFLoA FA
o g g5t k=R d ol AlE] (Korea Polar Data Center, KPDC)(ZX]el|
A BE5Es ZE dolHE 3 #el, A S FH dlely ] A|AEF A

Aell oJF-Hoz FET )= 5. ol skl &8-S FX5= E/\]"ﬂ
A AAFrelete] ARE Zskelr] sidk W dlolH xﬂE°l AT, AHE Y RE
glal A=e 4 gl #3 dlole] Aulag £ 9 Adshe ALl Uk

k9] 3] et B8k 3|7t Fedsl= ISCo dleoly e 7|
Tl World Data System(WDS)3} od# stod, thokgh W 9o ZHx E4 o]
25 338k dole W dloly An]a AlF U AR ik FAr|Hel et
H3 3 A AE EXSo 7 o] u|HALE Al &

T 1 —

)
o
1~J
OH
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(£ @ g=F A" o] e Al ¥ (kpde.kopri.re.kr/about/intro), 2022.12]

A 1 FAGFAL do|E Ao =X o] ¥ Al B (kpdc.kopri.re.kr/about/intro) A& 9]
U e dAA A3, 2023.04]
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[£# : World Data System(https://worlddatasystem.org), 2022.10 ; WDS is AN
INTERDISCIPLINARY BODY OF THE INTERNATIONAL SCIENCE COUNCIL (ISC)]
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(== Al vl o] EHAE o A dl o] Bl e] 7]2te] dAAd 9 A5 4, w2, Wz, && AAxE]

B J3x2gg o Fxl=3] o) (Antarctic Treaty Consultative Meeting, ATCM)

o FFFRFHYYIATI|(ATCM) = FFA %A A (Antarctic  Treaty  System,

T h=4
ATS)o ARbH Apgrell gk F93k BR3t AEZA7 72 G538y AR ag
= i FEERere] fAEAH S5 23 A (Measures) 2|

o TALE 53], WAEAIRE AR A3, Fat/eo/AFA o] oy, §
a2 (Antarctic Treaty Consultative Parties, ATCP : W= 71x& &9
A ks sl AR EH7H(x g 1986 114 2849 7HY)

e "W 3YE NFEY F9 oMt I AYY FARS(EHR T F IR F
Al F7F B Aok W oAe A3 obd 5) ekl FEF (7R, A

sty 5 A S

ol

o T F8 olFpEE HFRGIAR T ACHEA(FFAYG W AFLE
gk FHguAbAbe] WY Al FAFSES 9%k wiAbA Q) Ao dis] FA),
A E A eFaL(Biological Prospecting: ‘d=oll A2 A EAY o]& 2 sput
=9]), dF(FFAFE A Ao kA gdE fgt £2A=9), HF
=9 Azt FERbA], F 7] (UAV) et (Frel=ekel AR 241¢) 5
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G2 775+ 91 3] (Scientific Committee on Antarctic Research, SCAR)

A 2}8+9] ¥4 3| (ISC: International Science Council) AFs} ®lzFeb7| 72 3|
3170 = (&= KOPRI #7h) 3 97 shsdgto] 3|d= A4
GRS o A= 5 o (ATCM) S 8 2 F= st o tigh A7
24 g8 £33, JF BH" F9 743 o]l 44

SCARONA 2] 1= 7 Hop A 2 Fo 2 vy o] S5 U 3]o #g x|+
sk Kol A IS F(SSG-GS), AHEFE Hof AMEF}E T F(SSG-LS),
Ee|3st Hol AT} F(SSG-PS), ddlole ] A 1F(SIII-ADM),
A AR A 25 (SHI-AGD, B=EfA |28 A 25 (SHI-ATS), A
A+ 75 (Standing Committee on Finance)

SCARE &FF 2067 SAddlol & W=7 69 Lokt 807 HAAE ©H2
‘“GFA7 A7) v)A (Horizon Scan) 2 W& (2014)

[+ $=A5 =%7] 81" Horizon Scan]

6o} A7 ol Fa g (330)
S el e dlel ol WAl dEae
A7 A C U F 93 M L) sl A ATA 43
A QE e geel deas 1yl 9
S+ A dae wae 8 A
A ol . W Azl Aest Wil olE- R4 sel 1
EETSERNE o WAl gk A zte] ukE
388 o . gl A wEY T
e s o OFel AR 7 oA if
deee CE A U G ol 949 ol
A C AT Q7S Ee B4, BAHY S 97 23
P23 ESERIERE TR FER VT
g e C g AR A5 34 11
g C Wl W A BF R W 9
4 . 7wl ke ARE
ol A A g #) A B
Q171 5 C AR U B9 s 93
R R =Y L LR L LR E R R
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1.1.2. 239 Fx Fa 53

e
c (N8 HEF A

« (55 79I

o8] =7} Ao A

o
pus =
1y Xé*—‘i’ﬂ =

~
o
o
Ao
4l L
e

Cly

oL %7”4 °]° 913k
x4 A A (Arctic  Regional
2 (21,1, FEQH YY) 59
* THITEIY BS54 AA t3sty] Hd HEER A T8 =7t
(Arctic Nation)' & 574 (2008)
Ho] F= 7138 7] HollA FEASE Wgsta AA A9
As okd 2 Al sl MY, FAYPHES F8 AR s
=7} 2F(National Strategy for the Arctic Region); 3 (2013)
HZod7 570d A & (Arctic Research Plan: 2022~2026), & 433}
AWpr|e] Ead7 2z ass st Rag Ad 2 #E YT

shol = kel A 4)

Ir

[m]=re] B 57 oI A & ]33)

)

/\Eo]t/u
Z QAWM ZEo —TT -1 —"H
Fog4 T wot

B A) P 25

Aarsle) 3 8e 8 A%
B~ A5 28

O ] 2~0 =) &
Tl A %758 AA e A

98 ) 2 93 ¢}

dloly ]

WEFE 9@ I7)s)
71egE FUEY, J&ﬂ wde 9 oo

Fol Ay B el W 95w ey
74 Ag 2 s
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— & wlo|E PRI HFA SA4F B H51 2Z WA S A4
‘m= o] o]l Ha T U mtEUVLLY Y FA17)34)

— AT AF B ool et HE53 Ee wE G AFw 73|
oAvt W&s 2383 ‘5= A7 HA (Principles for the Conduct of
Research In the Arctic)' = v}#

— ‘2021 H=%7}H 324 (Arctic Report Card)’” WE(NOAA, 21.12) @ H52
o mEs| A wHEoE v e FoE ‘34?‘3}5}51 Gom, o]o] oJgk>
= Al2E Akl A yEpa Slvka B, B4 e] 7] FH st dAbo]
Hso9 A To& Q7o 4ol = 475} Ajlel Ha sivta x

SheAl oleld S shokabol A A WY 27

O

EECIERERCE S

— NSF—OPPell Al w=A1d3t A ofal], A x|Fol vA= 47, ==
nE7Ieh $FAT 7R LS FHE AT A H oz 4
— T HIAANRHNSF-PLR) M A2k AefA olel], A Aol wlAl= 43,
o] &

H =2

A Asdriet $FAT 7R 28 5 ovhekd &#oke ATAt
2A-Adelstr AA A= vls lf e Aol 4 3

H 3=
o OhR) HIFAdelAe) Fe Hs g A FA xY, HIA A
Qb 9 ok wAl 78}s5)

33) 2] : ARCTIC RESEARCH PLAN 2022~2026(2021.12, The IARPC (Interagency Arctic Research
Policy Committee)). IARPC was established by the Arctic Research and Policy Act of 1984 (ARPA)
to facilitate coordination and cooperation in Arctic research. Now a subcommittee of the National
Science and Technology Council (NSTC), IARPC plays a critical role in enhancing scientific
monitoring and advancing Arctic research through the coordination of Federal agencies as well as
domestic and international collaborators. Every five years, IARPC is required by law (ARPA) “to
prepare and execute an Arctic Research Plan in coordination with the U.S. Arctic Research
Commission, the Governor of the State of Alaska, residents of the Arctic, the private sector, and
public interest groups.” The Arctic Research Plan 2022~2026 is the third plan since IARPC became
a subcommittee of the NSTC and builds from the successes and communities of practice established
by previous plans. It seeks to integrate these communities and create cross—cutting foci which
require a focused research effort.

34) AT 2(22.08.27, v, ‘HFA AP AA SATE 7HE & S AAD

35) &3 ; KOPRIS] SR A A o}7}o] B (‘23.03)
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- B ARE B39 Ausy Ny AFUES wests % 2L
B39 S44E Telstel, A%k AA AL A% BT AL
AT 9%

- oo Be J|%Ys} PAVIEoR BT F2E Easle FA| A
AFEYAE FAAE) 8 s s

- wg H3e] 553 @7, 4DV, AEAA S But A
H94 HAZ 7|3 9E

- S R %F NS Y el 7 EY AxEn Ao
sl et TE F2e0 Q4T % P FF BAE A2
FA Weps zokE HdsT U : i

Nations Convention on the Law of the Sea), 3@l oF o odn}x]d ek
(MARPOL &e<F, The MARPOL Convention), afief 37 H3E U A
E3atA thekAo| g #ek(The conventions for the protection of

the marine environment and on biological diversity), %] 3o

lz

(Regional agreements)< ©] AollA 53] 8%, 1832 55 HFA4H

A5 Sl F=olakslel Higl i Aetetar dHske= A
U

= =1 6]“1'% X]%O]'j——, EUQ] =
o o xda;'kﬂ E 3t E-l Eﬂ)&} %_l:ﬂ-xé‘_g__

m 5=
e () F7F AP dFE FAAT L AVDE Ta 27
. (B A7)

~ 1990WT) P B AT BHoZ HId| BEE AAst] HT A

)

o
xol2 Ay W daese) A g Bt

>

HE SAA3

-
)
o
o
S
o
A
4|
4
A
o
~
D)
=
B
hid
o
o
[4\"

F4 7 £

— 2007WF-E ESo|xks] AAFAAME F, 2013 fEvhekel g
E=olxk3] AAFAAW 29 5

— 2012W3E ‘5= ol Hnear—Arctic state)' ghe Alxof9} ‘ALg-5}17]

9lall BE(To preserve it to use it)37)olgt= HMA 7|xE nlgto g

>

e

ofr

37) Solli, Per Erik et al.(2013), “Coming into the Cold: Asia's Arctic Interests,” Polar Geography, Vol.
36, No.4, p. 258.
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B30 e Felw AAelA 2918 Falr] glal TFelmel £
— 20189 19 FFGY HAE HIGAA" WHEF] FHERH

3390 AFshs AY U FANA FF Fohs4 Awst

AANAF O] G AT )

« 71 g, Tt W WAt FAP F O)E AT 9ol ofiAIs)
FEA WAk, A8 B AREel, $3Y2, £ 5 A4
BE ol L JlFwst B F3e W A § A9 Aze TS
Fo AgEle 2Eel AAeln A4S

d8Es 7/HAY FAE AR Al Adeta 9o, 5
NEAL S vlmo] FAAT| A=A AA L} =z 23

— T 2 AFIIA A ole] 20099l W= FEVIAE A5k, Alst
AW AT41(10,00087) Ax F4 5 FAAT HFE FAE Fotod
a9y S

— W= PANDA" Z2 9]0 % sjof—sii-ti7] 358, Wt slde] ==
A8, 71A FH E EUEE, ekl wok drEs A

* PANDA(Program of Antarctic Nova Disciplines Aspects): Prydz Bay,
Amery Ice Shelf and Dome A section WA t}stA] 7+ A} =2 72
— Ak, SAAEHE, FALTHY] D FAYSE FEske] 4] AT
zza9 T4 FA A7EE 4

(3R AT A ATA S FEN AT BABY ATEA WES
Syshe § AT BE] W A% FAG AT dzeh Sy g
$4 nx

x ofAlofell A 7hE WA P22 £(19129 FEF gl 1957d W=7 A
(Syowa) 7§74, 19599d “d=zxof Az MW=, 1990d =4 55339 3]
(TASC)ell 7}3)/% ¥ FAAFA(NIPR, 19734W 7H4) el ‘HF37d7Aale’
9, 1991 Y|z & F=7]x](Raben) 7HAa (Y% el 20199
NIPR Observatory® A1& o|A), 20094 #WAFA A4 (12,5008 F)E
Axste] daeagd s Adgre AT &5 7330

38) d¥ NIPR(National Institute of Polar Research) https://www.nipr.ac.jp/english/outline/ numeral/03.html.
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— dAUS 7NE A gL} A ERA,

ey e okA 9 ATt Fo $FAEY T FEATAILE FE

— 20099 HAFAAH el oo 2013 FH=olxbs| A AW 29 FE T
ESdTel sl HE53 JETAH, AL s

Aol HgA FA g

S (MEXT) 2015858 =7 F= oy H5d74H44

ArCS Z2aA(A&E7Fs3 535 98 =A;  Arctic Challenge  for

Sustainability) %= (NIPR, JAMSTEC, £7}o]|x tfdt So] 5o & 2020

7HA| Z1dY), dit ESAA WR(7]5HE) oS AN FARE/ RIS s 2

o2 FA). o]%F 20201l ArCS II(Arctic Challenge for Sustainability II)

Zg a3 W, 2020~202599] 59 whSARRI(E=e AAA A A A

WA Ietda AE 5) 3 =

o

— F kA A AT A (OPRE3D ) o A= ‘BFal o x&71538 o] &S ¢4
Yol HAHow Fasfol & A M E WRsle] HF8 &2 9T
AAver A A(2012)

* OPRF+= ‘&8T5 'S 243t 2178 H5AA A+E Fdsision
PRzA, A, FE 5 HFTE Ak xgsle 974 ool A A Al

W Ao}

c (hR) B3} BB, BB 5 cdelel A Ak T b W3 el
bz, IR A uhE AAHelm FHA B3s| Bg A EA
* 2Aloks B =7 T 7P ASA R SR F4, 20079 84 H5A 0
awo} 27 44
* 2035 & oifﬂ,ﬁ_a}mﬂgﬁ]i}(jg,lg J) 2035 31/\]0} 2R 7|2 93

39) Ocean Policy Research Foundation, OPRF&= ¥4 (Nippon Foundation)Z4:2] oIzj¢t
AFAE] AAS 7HA A oy, F2 9¥eS AY uAHAR 2 AT RS e A
2ol 7ol s}

40) FHAloF gl AR (https://overseas.mofa.go.kr/ru—ko/brd/m_23122/view.do?seq=1346975).
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-

- 12020 & 741 e debts wik= Y, dE5s A =,
g7 A3 o Eél.ﬂ}a] A\ 2H TE =S ¥ 3

[e)
— 12020 E=70¥A2F(The Development Strategy of the Russian Arctic

zone for the period up to the 2020), & F#Hsl 7|2 SL&dF 2
2392 e FAke B FAA L ARH Ay T
o nhH

— TAAQ WA W HEe] kA, 2 A]o} H:L7H‘”°ﬂ Aol ==
845 AR AAA, Herled PR T P°4 447}

— 2332 H(NSR Administration)e] ¢Hd&% 7t

5 f‘i} 2]

— Ao} g T AFA(AARD 7F skl 3 3 0 1934 F-

3 By ]Eia'/XL‘_ A 2 obd JRAY 5

— ZZ 6/15~6/18%°l HE" Aol AE HHE2F=Za IAHAEH
(SPIEF: St. Petersburg International Economic Forum)ell 4] 2 A]o}7}
A HEE Al &5t AATAR] o] E sl FF (oo o E

W RS sk g4

ofr HO

H ANy

e (M8) HF=8 /i U FE o9& T A9 ol A BAHRET
ARl 7W B WS 2 AAE FAsE e E N BEY
w3 A el A 2l
. (HJ—%C}:)

— i} EulbAeF(Canada's Northern Strategy), FE43)sle] B=x] o]
g v dE At 2o wE FE-o] &5 AF AA(2009)
— 37 AA dES 40%7F HSA Gl EFE, 109 W o] HF

fAFwlo] 1fe] she] WAL FAlst Aeprla gl AA Ao B
]

%7}& T3R5 MY = A R
— EZFo|xts] o A= 3 A, TERbAE o] kst oA AT Al
Qlﬂ-zg"ﬂi 2= 98 uele] BEZ 9w A M (Canada's  Arctic

Foreign Policy, 3% (2013)
— ‘92|19 H=(Our North), 219 #+4H(Our Heritage), %22 w|z}
(Our Future)'st= €E7 oft] HF A4 2] A +1
e 2018 CHARS(Canadian High Arctic Research Station)& 78 B 2| x|t o]

42) E3 0 QA BEFEFATA(202243 6¥3)-5ITEFEF

43) %3] ; The Polar Connection(https://polarconnection.org/profile/prpi/, 2022)7/\u}t}7} 5= J7FH
Zetstr] g Aoz, Eod gk 715d A-dE =9 oA E F AR AGaAa =
2 Ayt 2 A= FAT 52 AFIAS du v 9% Adgkel $-2] - (our north),
2] f4Hour horitage), 21 Mlelour futre)® AHS WAAE WE(200007). BaAE A
5 01y g =2 T2 A8 Sol §A Jdow dadd AEAA N, 3 BEe Aug sl Fol
Myt Ebdeke] 49 4 g AA|
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o (H5FelAe A A7k vl dy A
1) s+ gk
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44) &3 : My} E9-A=F (http://www.northernstrategy.gc.ca
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- 715 2 7 A F 73]
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— B 379 29 ol
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(3) Hul @ %8 A& 7Fsd A o, Flobd 2 548 Hrl, x4 H8
— %7 W3l o 2 AEF Bk
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A AT7EF

2.1. 78] AF5F

2.1.1. 224 o]5 1F

B IPCC A6A A F A1HZTFL BRI FES T84 7tx

o AAIF 1 (WG I, Ad=mkabd 27, 20219 8%) BuA 2 2022 2E3l
AZ2F 11 (WG 11, 7|5Hs} o A3 FHd 2 o7 aF 1T (WG I,
7155} g3} Al 24

« AR6 WGI9 Ha 5 A9 oHd F28 M=, o3 2

— Summary for Policymakers : 2022d 54 F8 Y& A&

— Chapter 9: Ocean, cryosphere and sea level change

— Chapter 12: Climate change information for regional impact and for
risk assessment

— Atlas

3 = 0] WAL ok 22 + 3 X 106 kmwed(Gruber, 201255)).,
ATEESS FHH o] of 15%2) Sk HEe] Wyt gle w9 50%

AR
— 2041 7] A¥bE 5 oAFFES G oF 20%7F F gt dItEAESS)
3 A (Olefeldt et al, 201659))0] 7|3 3}e]] tf-2-35le] thf % T EEZSS
o w2 A F|sAd F ol

- Al % % AY IS 0T /1 FEs gu el A4

54) TPCC sixth Assessment Report Working Group 1 (Climate Change 2021: The Physical Science
Basis).

55) Gruber, S., 2012: Derivation and analysis of a high—resolution estimate of global permafrost
zonation. The Cryosphere, 6, 221-233, doi:10.5194/tIII-6—-221—-2012.

56) Zhang, T., R.G. Barry, K. Knowles, J.A. Heginbottom, and J. Brown, 1999: Statistics and
characteristics of permafrost and ground—ice distribution in the Northern Hemisphere. Polar
Geography, 23(2), 132-154, doi:10.1080/10889379909377670.

57) Obu, J. et al.,, 2019: Northern Hemisphere permafrost map based on TTOP modelling for 2000-
2016 at 1 km2 scale. Earth—Science Reviews, 193, 299-316, doi:10.1016/j.earscirev.2019.04.023.
58) Thermokarst Process by which characteristic landforms result from thawing of ice—rich permafrost
or melting of massive ice (IPA, 2005, Multi—language Glossary of Permafrost and Related

Ground—Ice Terms. International Permafrost Association (IPA), 159 pp.

59) Olefeldt, D. et al., 2016: Circumpolar distribution and carbon storage of thermokarst landscapes.

Nature Communications, 7, doi:10.1038/ncomms13043
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Sectors

[Z} AlEl"¥ Climatic impact—drivers(CID, 7]

o 3 5-<)

)]

42)

Climatic impact—drivers(CID, 7] &% 3FE2l)

Heat and cold

Mean air temperature

Bt 7]
Extreme heat = 1
Cold spells St 31}
Frost e
Mean precipitation P AT
River flood AR
Heavy precipitation and pluvial flood %
pluvial Land slide EALE]
Wet and dry Aridity P
Hydrological drought TR T
Agricultural and ecological drought T4 2 AU 7
Fire weather ShA A
Mean wind speed B S5
Wind Severe wind storm A S
! Tropical cyclone adid A71¢k
Sand and dust storm Do} WA EF
Snow, glacier and ice sheet =, Wak, Wt
Permafrost dTsES
S 41 Lake, river and sea Ice a9, 4 SR
flow and ice Heavy snow fall and ice storm 93 d&EF
Hail Bk
Snow avalanche TAHE
Relative sea level o) sl
Coastal Coastal flood | ote4
Coastal erosion ok 2]
Mean ocean temperature i Y 2=
Marien heat wave qNF =4
Oceanic Ocean acidity g A=
Ocean salinity g G
Dissolved oxygen LENA
Air pollution weather
7] e}

Atmospheric CO, at surface

Radiation at surface

71989 I
AFH 7]z
o] Akslek s

A E2A}
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Heat and Cold Wet and Dry Wind Snow and Ice Coastal Open Ocean Other
HHBERRERREREARAARREEEERRRRARAAERE
ES S 2 5|3 3 |[= ) 3. =
s izl |5 2l5 (519 8 |El5|zl2|E |2l |5 |25 512|182 (3|5 |2|5|2|8 |8
Il=|2 3|8 (5| S |E|2|5|2|a |2 z|8 (3|2 slelz|zs|8|3|2|E|2|E |52
5| 2(=2 8|2 |B[2|2|28 2|8 s |2 slE8|8(2 |8 (B|5|5|e|B |2 2
2|7 5 kS PO T - o - |2 Blz(*|g|z|8|%|2|8|z(3]z
2 2 g s |2 28|32 & g |2 2 (]
g g 2 Elz 23 g2 £lg L 2|7 ERE A
: H s - ER S =2 g g2
- E] 5 - e = T s
= g 2 » H g
5 = 2 ] 8
: § .
=
g ES
a
Tropical forests

Temperate and boreal forests

Terrestrial and Lakes, rivers and wetlands
Fresiinater Grasslands and savanna
(WGII Chapter 2) Deserts

Mountains

Palar

Coastal land and intertidal zones

Ocean and Coastal Cosstal seas

Ecosystems Shelf seas and upwelling zones

(WGII Chapter 3) Pe—

Open ocean and deep sea

Cryosphere reservoir

Water Aquifers and groundwater

(WGl Chapter 4) Streamflow and surface water

Water quality

Crop systems

Food, Fibre and
Other Ecosystem Livestock and pasture systems
Products Forestry systems.

(WGl Chapter 5)
Fisheries and aquaculture systems

G Cities
Cities,
and key | Lonkoml b prpperition, |
Energy i

(WGH Chapter§) [—— —
Built environment

Labour productivity

Health, Well-being Morbidity
and Cq itit
(WGl Chapter 7)

Mortality

Recreation and tourism*

o Housing stock®
Poverty, L
and i Farmland"
Development Livestock mortality*
(WGl Chapter 8) " o
Indigenous traditions

None/low .
.

impacts and risk relevance

o

[8 Climatic impact—drivers(CID, 7]
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= Heat and Cold Wet and Dry Wind Snow and Ice Coastal and Oceanic Other
- zlololzlz]z]= zlzlezlzlzlelzlelelz zlzly(z|ololz|le(z]2®
~NEN BIF|82|BE 8|8 5(5 8|28 \8(3 2|8 Q(F(8\5 19 8\8(85(0|5/8|¢8
- 5 ] = |==2|2 g g z ol Tl | % = sle|e|a = E
. HEHURHHHEN L B R HEEHB
£)E -t HHAEHHHH I R R I
2 g g (s Elg|=|2|8 £ = = |3 S\g g 8 §_
2 s s & |8 3 =l = LB 2|3
H s Z |5 %‘ |z 2 z
. = i H g H
i E g
= &
§_ ES
North Central America (NCA)
Western North America (WNA) 3 5 | a7 1
Central North America (CNA) 4
Eastern North America (ENA) 1
North-Eastern North America (NEN) 6.7 8 16
North-Western North America (NWN) 5 67 8

1. Snow may increase in some high elevations and during the cold season and decrease in other seasons and at lower elevations.
2. Along sandy coasts and in the absence of additional sediment sinks/sources or any physical barriers to shoreline retreat.
3. Increasing in northern regions and decreasing towards the south.
4, Decreasing in northern regions and increasing towards the south.
5. Higher confidence in northern regions and lawer towards the south.
6. Higher confidence in southern regions and lower towards the north.
7. Higher confidence in increase for some climatic impact-driver indices during summer.
8. Increase in convective conditions but decrease in winter extratropical eyclones.
9. Relative sea level rise reduced given land uplift in southern Alaska.
® Already emerged in the historical period (medium to high confidence)
® Emerging by 2050 at least in scenarios RCP8.5/SSPS-8.5 (medjum to high canfidence)
Emerging after 2050 and by 2100 at least in scenarios RCP8.5/SSP5-8.5 (medium ta high confidence)

o [y MR R e
Holug| 7t A9 F2 CID]*
<7¥ AR6 Ao el 4] RCP4.5, SSP2—4.5, SRES A1B o]Ake] AJvte] Qe thsh 4171
uke] SAH 54 WsE vehle Bl 715 o Folo oAb W3} wheke g
J%ﬂ} gk CIDS] A 2TCollA 2.4C Afolo] A28} ol tieF 6H%PLD}.>

Climatic Impact-driver

Heat and Cold Wet and Dry Wind Snow and Ice Coastal and Oceanic Other
=lgleglz=z]2]z lzlz=2]= = @ zlzlelzlele]l=z]e >
(218 |3|8|3|5(%|&|E|e|z|2|2|8|e|g|2]t HHEEHEHE -
81| |E2|2|8 sls|g|E|E|2|=|B |82 sl (Z|8|E|E(5 |8z
il AR Sl |2|5 |88 g5 sle|E|5|5 R
3 H S =g 2lal8|2|s £ g|s g ale
2 2 2 g g - s il - 512 ° |3
8 g g = % =13 £ e £ 2 = L s | B
g ] € |2 5z 5 3|5
] £ E
: £ {ENE :
5 = i : 5
2 8
£
E. =2
Region
Greenland and Iceland (GIC)
Arctic Northern Europe (aNEU)
Russian Arctic (RAR) 14
Arctic North-Western North America (aNWN) 23
Arctic North-Eastern North America (aNEN) 14
West Antarctica (WAN) 14
East Antarctica (EAN) Il [ 11

1. Snow may increase in some high elevations and during the cold season and decrease in other seasons and at lower elevations.
2. Higher confidence in southern regions and lower toward north,
3. Higher confidence In increase for some climatic impact-driver indices during summer.
4. Glaciers decline even as some regional snow climatic impact-driver indices increase.
5. Decreasing in west and increasing in east.
6. Except for northern Baltic Sea coasts where relative sea levels fall
7. Along sandy coasts and in the absence of additional sediment sinks/sources or any physical barriers to shoreline retreat.
® Already emerged in the historical period (medium to high confidence)
@ Emerging by 2050 at least in scenarios RCP8.5/5SP5-8.5 {medium to high confidence)
Emerging after 2050 and by 2100 at least in scenarios RCP8.5/SSP5-8.5 (medium to high confidence)

e
of decrease direction of chang

[ZA &4 CID]*
7+ AR6 Ao Ul A]be] 9 RCP4.5, SSP2—4.5, SRES A1B o]Akel tha] Zxule]
o] oA W3} wpgkol] gl AlE= sl A T3 CIDY A¢
2.4C 2bo]9] AT &3l %o w2 swEch NEU, NEN % NWNe| 2=
< 99 #7 W Hu] AdeA HrlEl AA AR6 A ci=c) >

72



o

2.1.2. F8 A+ FA 1%

B =7 =4 FadT I =

H 734 E&sly HA] HA2ko 72 HAs= FAE9

= 2 se] Fe=e

e 3k, KOPRI-KISTI(2021)6Def ¢]3lwd, =7

A&t Web of Science #3577} o

Science 7|¥F A3 EE 7|4t Wo g Fgslo
=

Aotobs dEACR A /3 el £ Fof
&

gode] EH7F Wol FESIL TS BT

1_.

60) ‘SEY olfrthe FA AT NEA] 718 A5(2019.11, #e}
61) KOPRI-KISTI, 2021. ‘SAAF+ A2 4 & v FAAT =
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[Z7}E FA) FQAT 7|Y= F ]62)

7P 34 F24T 9=

75

FRATIH=(EA) e H& (%) FRATFIH=(3) = H & (%)
antarctica 12 1.674 climate change 4 1.190
climate change 9 1.255 remote sensing 4 1.190
remote sensing 6 0.837 x—ray crystallography 4 1.190
southern ocean 6 0.837 sea ice concentration 3 0.893
ice 4 0.558 aerosol 2 0.595
sea ice 4 0.558 amundsen sea 2 0.595
x—ray crystallography 4 0.558 amundsen sea polynya 2 0.595
aerosol 3 0.418 antarctic 2 0.595
amundsen sea 3 0.418 antifreeze protein 2 0.595
antarctic ocean 3 0.418 arctic sea ice 2 0.595
antarctic peninsula 3 0.418 arctic warming 2 0.595
F2AFNI=(EF) E uE(%) F2A779E(93) WE uE(%)
climate change 2 3.125 feeding ecology 2 4.762
invasive species 2 3.125 seabird 9 4.762
taxonomy 2 3.125 N
= : southern ocean 2 4.762

ad.sorptlon. isotherms ! 156? balaenoptera physalus 1 2.381
alien species 1 1.563

o, . baleen whale 1 2.381
antarctic conservation 1 1563 o -
biogeographic regions . calanoid copepods 1 2.381
antarctic marine biodiversity 1 1.563 climate change 1 2.381
antarctic specially protected 1 1563 conservation 1 2.381
areas cosmic rays 1 2.381
antarctica 1 1.563 discovery investigations 1 2.381
banzare bank 1 1.563 dna 1 2.381
barcode gap 1 1.563
FRATINI=(E5YD) e H&(%) FRAFINI=(LE) LIRS H&(%)
aerosol 1 1.299 air drilling 1 2.632
africa 1 1.299 ambient noise variability 1 2.632
air pollution 1 1.299 antarctica 1 2.632
antarctic ocean 1 1.299 arctic 1 2.632
aragonite 1 1.299 bedmap 2 bedrock 1 9632
arctic coastal erosion 1 1.299 topography ’
arctic haze 1 1.299 chukchi sea 1 2.632
arctic sea ice 1 1.299 dissolved 1 2.632
arctic system 1 1.299 energy balance 1 2.632
atmospheric inversion 1 1.299 fuzzy analytic network 1 9632
atomic force microscopy 1 1.299 process
FRATIHE(HAIh HE H&(%) F2ATI|H=(SCAR) e H & (%)
barents sea 2 4.651 antarctica 8 6.838
biomass 2 4.651 cosmic background radiation 3 2.564
stock 2 4.651 polarization 3 2.564
zooplankton 2 4.651 antarctic ocean 2 1.709
antarctic peninsula 1 2.326 climate change 2 1.709
antarctica 1 2.326 hydrothermal vent 2 1.709
arctic 1 2.326 methods 2 1.709
argentine Islands 1 2.326 new species 2 1.709
benthos 1 2.326 phylogenetic analysis 2 1.709
billefjord 1 2.326 ross sea 2 1.709
bottom sediments 1 2.326 sediment thickness 2 1.709

62) ‘FW olFtl S FA| ATNLARY 718 AF(2010.11, B EHRENN, AP
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[ZA) 7 ZaAA T )4 A+ 10712 Web of Science 8 FobH n)3(2/2)]%

% Elvets 1070= 71Ee2 A AA FHztel s AHbH R nlo] 2 of o]
FogAA & vFS 29, v ESe] AA Ht 1.74%Hc EH =2
7.69%, Asksr @ BAAES Bolt 254%2 v|Fow HA HF 0.66%°|
]3] oY
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715 Mstkol o7k Fx] g7t Aol fel 4
A 25 2eshs H7F ALEEA S E
IR AF AR T 1 ALes Ma &
A wEA(Feted ) JHE 2D eabrls o] R&RO ASHEE AA
(‘20.03)8taL, =ujele] 4bsh-d AEAFAEH 7 FA9 7| FA|2H
1 oS- #HH s st 1 AT e

[SAAT49 94T 9 R&RE| A9 T]63)

FA QT4 AP

7)1/, F7EAT AL, DRk AR ke

] shol FAATFAEZZ I (PAP), ‘=l Ak FAATAEZE 23U(PIP) &
E3) e 2 2l A te] AFE AYsta 9L, oAr|NAE 1 F F8AY,
a7k Aol THal A ZhEFS] AP H gk

—

63) =4 : FAAT A R&R(2020.3)
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70) Pachauri, R.K. Meyer, L.A., et al, Eds. (2014) Climate Change 2014: Synthesis Report.

Contribution of Working Groups I, II and III to the Fifth Assessment
Intergovernmental Panel on Climate Change. IPCC 2014, Geneva, 151.
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