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1) NASA Goddard Space Flight Center, Big Ozone Holes
Headed For Extinction By 2040, at https://www.youtube.com/
watch?v=7bWQQWvJymc.
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2) See British Antarctic Survey, British Antarctic Survey History, (NERC,
2012), pp. 1~20.
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H, FXAFE Sall ™ X|7A 22X 2ol LidCh= 2IX|7F =i
o2 s{AlEt & QCt National and
Knowledge Exchange International
4) British Antarctic Survey, Polar Science for Planet Earth, (NERC, Collaborations
2009), p. 2.

(a3 1) PSPE2| 6Ll 20 X EHE2A
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(E 1) BAS2| H|Z 3 H2kx|7|

Above : BAS strategy summary. Cover : Rothera Research Station, Adelaide Island, Antarctic Peninsula.
© For more information, please visit our website : www.antarctica.ac.uk

5) British Antarctic Survey, Business Plan 2014, (NERC, 2014), p. 2. 6) OISHEARHZH)O| TH 2ol BAS IXI2I0| Xt2|st QICt= 20| =2

o

Zok.
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BASE 4500{H2| =I20| ¢zt oF 5FOE IHRE(2F 900 &)2| oflAtE AMSSHH 37H2| H= 1t5t7|X|, 20H2] A HTM(RRS
James Clark Ross, RRS Ernest Shackleton), Z12|1 5CH2| H|SH7 |2 2&5t= iy H77|&0|Ct BASE DY 350H0| e

B2 SX|= Uit ofefelmat #a|et 24 (logistics)2| =otRE EXSIRICE BASS| 28, niet7|X| & el=Zat= (A 2)0f

= L—
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BAS OFFICES AND STATIONS

NERC Ny Alesund Research Station

BAS Cambridge

BAS Stanley Office

Fossil Bluff Field

Sky-Blu Field Station

* Run on behalf of the UK Foreign and Ci
the Government of South Georgia

(33 2) BASS| 257 & 1t&7|x|

7) British Antarctic Survey, supra note 5, p. 21.
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Al O 2 &7 g9l =toll =g of|Folct.
B7|(2~5HA)MoZ BASE of4te) I:P_é SZlsta ot
E35| 2lZH{Commercial) 220|M2| HES Sl oA 7|
o RHS DoKXt $tTt EESE 2019~20EF ZAX I2E
SHZ 2 13,0008 #2o| M3 MUHTM HXE FT 5
Ol X 2EE 3 AA 20| Tl S0|Ct o Al BAS
o] 5= g7 Zat S22IYUnt PR Rk MAE Z71 EA|
ol Eotr =2 FX[2| O2HE {Iet FXtoll 00|

(a2 3) BAS?| N3 MinM FAz
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A

8) BBC, George Osborne orders new icebreaker for UK polar science,
at http: //www.bbc.com/news/science—environment—27 129690
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], K=2=]]
]

Gt f2[Liete] SX|ST SE2 FARH0| ROt F =7t

25 43 ool CE'.AM %MI o 2

=
BASC| MT HIZ & SHt= A9I7IRII NERC, Tf LOPH &
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A Prsofgicks Holck AlFjz BASS] F2fo|Lt 2Hoj=
Z2eielo| NERC, @ MR, 113|1 EUS| IS HARRLT}
HF0] QIZEILE Of YOl MAXQl o1 - JlE 29 Hak

URIRAOITH)S SAISH= ST M7 H77[RI0| Z50{0k

E=0(2t0 g 4= UCE 0[218t BASS| HEE 30H2| FX|H
T Zdge Soll 7I=HMES oYl 2Lt Fushor & =
222717t 2 & UAS A2z 2Qlnt

9) British Antarctic Survey, supra note 5, p. 7.
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ot 40 24’ (National Security Decision Directive—90:
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Qoo BSYY SriE BRE 0IR0| 7208 US|
AzA7} HSS HHUYC 0TS 0hY HF Uehaslol 2

Al B T Qikm, ot Spio] ZulREReloR |

1994 & =28 HEZH(Bill Clinton)2 ‘CHEX &N

43’ (Presidential Decision Directive—26: PDD/NSC—26)

SIACH 2T 1890MD] 20| WAEHA Koz = S YHSIUCLY 0] LY 1991 7(E) A3 2aof| ot
S8 AlRfsign 500{0] Xlct 19501 o2 agpny = ST SF F L= IR XSS JE0=, #llor
=2 WOIg|QIC}. o g™ I JiYol2ts M22 2H0| S5 gili= 7

dets 8= 7122 28 T MAUoICh 0] BF2 A
0| 1971 Y2&(Richard Nixon) LS National WA E2 5 Z7I0oHEo} HIQ| Q70 S ASI BH &
Security Decision Memorandum(NSDM—144)E ZH#5A S 9 MEXIY HE AZISZAXOl XA o2 U A
CLY S22 0] Mol efAzis =EE A= £33 MY 28, AS3H 827 H2ig QFt e gl A
SE0l| Ul A%t LASH(BE)S ZlAek6HHM 552 AH ol Gk O|x|= OJAIZEE0| V=0l &, A
° B & 7|

o g2l Hel 7HE ASS0M 25Xl IHE =7
PSS

2 B i
on & M

o
24 AT L2 XSG, S2E &dolwol
6 .

ASSEH0IM X7l He| ESE Zefet S50 Xl H 2H2 WAMRCH E5H S20)| theHAE =2 xot
= c> HOS H . = =

2r=olelel HE S& MAIGHACE 121 of M2 557 (Antarctic Treaty)z} SH2HUME X HZESOHCCAMLR)Y
2 HEX 7|7 (Interagency Arctic Policy Group) &&E 0] S OME AYZO| QUEE|X| LS ST} 11 Ea MENAQ
ZOUACL 0] 7|71= DI=2| SIS 8 HE & 0|=9] HS ALZ0 SEY 22| U SHAAHIO O|HE 9IEt
== ¥Su ZEIUS 2E5hs MAUO| FHRC, BT 715 £, AL 2xo| HiEtY BEZ 25
( Y2 fDE IXHTAL] FHDIK| HH|(PE-15240) XHS2 A4E, W

1) https://history.state.gov/milestones/1866—1898/alaska—purchase. 4) The Whitehouse(Washington), Presidential Decision Directive/NSC—

26, 1994.

2) U.S. National Security Decision Memorandum(Richard Nixon) 144, 1971,
5) Convention on the Conservation of Antarctic Marine Living

3) U.S. National Security Decision Directive(NSDD—90, Ronald R
esources.

Reagon), 1983.

Polar Brief | 07



=Y X9z ||, H3sHoAM MEXtHES B&E U
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0]0{ 2009 12 92 =X| £A| tHE&(George W. Bush)
2 8H|0|X| E2F2| National Security Presidential Directive
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HSPD—25) Z&E WHolHAM NE S3% I AHH o
Y7|HS XHetE S 23T MAS HHUUCLY of o
=8 42 S30IM HFolar EF019|

eF 3 %@Eiﬂ X&7ks JHEo =5
DD/NSD—269| 67X S7E Fdst7|

Hm, e 3P £20IM 0l=2 S5 24, i, &S X
q HSE flot S &3t oAt 2, Fe =t H XHHE S
= ES5| flol == SHASE M, S=0AM oj=2f Mt
(e Z8) A 37| oI35l B, 5301 0]=2] siiAt X
ol B, 53X 2| Hal=2 siZ S0l MAIHCL.
SM, =X AHHEA L3 220M UNT|ZHE
(UNFCCC) P2 ZQF = UN 2 O9F 2 E 7z

S45E £ UEE HEL 0= HE0 19823 UNSHUHZf
(UN Convention Law of Sea Convention) 72} A% 50|
SLSHSACE

AW, ST S B0l A 220N 2HH 02 23
H A S Y EA Y EADIZE B Y 0N
=]

o xtAgtz| ga| A EE, 1990 0|2 sHAIZAIEEE

HAOP} HIESIER 45

on

Of M|t

W, 2R DtstEe 3 RR0IME 020l S3X/e niet
2lCi || YA U Ot RIS S8t 23 AR HIY
B0, #53 B2 UEY 75 =2, BT 7|5 YE
2% 2 2H 23NPnR W 22 B Yst 23
27} eEEElol F8, 2ol AR 012 Fayo| 23
HPBZIS Bt WHE SIHTHMIS (ARPC)S
2, Cfst 2 77BN TELY s D8ln Serlase)
QIZmELiet 821 2t X1 S0l 27 Uct,

Ol MIAISHCY,
OiAM, ‘Ol 2 ZA| 0l H20IME wiEtstol=aio]
£ 0l4 EE 2R, MR/IIAKIR L 2 7ol 2
BIS Slsh BA B0, ZHNY J15IE st 7ISE 2L
B2, 27|20 Taars S30IUiR| MY, 22 2Y/7tA
M ol<r B ZAEY T, 0|2 BRH Y 23 oA g
JhA00 THal FHRS T SRS SX| S0| ZatRiC

ot HE o BE W U7 U B HE - B2 93t o
2 M=ol HE, AL SI4AUS BEY TNEY o
7170] thst mats malst B30l AN 0fF S, B3
M EBM @) EF, 917 212} - 0] et @9 ofes
o nfsE MY =3 U FR 20 23 RS F0|

6) National Security Presidential Directives and Homeland Security Presidential Directive(NSPD—66/HSPD—25), the White House, President Geroge

Bush, Jan. 9, 2009.
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TEQRR SEESS

| 770 B2 %

CHE2 NSPD-66 22
HE7|2H)

|'0II

FH 1971 NSDM—1447} SHE|HA] ZHo{El Het7 |zt -
HEe 770l 2k

Hx{(Departments), 7|(Agencies), =(Office)0| ZE&tg|
Lo

0

H
AL

Il. 0l= S=33 Hixe| 2

dtol 2= 20134 58 32 X0 st 2otk

M : QHIO} SHEE

HAZH FRse ZHMEIIM 48 Z0! BST 0] ety
2 7|BS0 23HM 48 S2 58NOR E¥EtD, 2

7) See CSIS, The New Foreign Policy Frontier—U.S. Interests and
Actors in the Arctic, 2013, p.5.

8) See CSIS, The New Foreign Policy Frontier—U.S. Interests and
Actors in the Arctic, 2013, p.5.

9) The White House(Washington) of US, National Strategy for the Arctic
Region, May 2013.

10) The White House(Washington) of US, Implementation Plan for the
National Strategy for the Arctic Region, Jan. 2014.

Interests), AMYUE SFXIA(XH, & 5) &2l =7
(Pursue Responsible Arctic Region Stewardship), A =X
&2 Z3KStrengthen International Cooperation) S& HIA|

FE 1, 0] MzFo| AlSH2|(Guiding Principle)2 A T3le}
I.

ol

AA

TN 45 (Safeguard Peace and Stability), A Z[AM9] 0|2
st M=ol 7|8kt A& (Make Decisions Using the
Best Available Information), ASIAEQl XIM| FF(Pursue

Innovative Arrangements), AEHA T IZ=010to| §o| ol

[}

r

N
or

Z8(Consult and Coordinate with Alaska Natives) S 47}
X|E MIQFSHCE,

DIZ MMERE £ MYSS M| st MHAE
(Implementation Plan for The National Strategy for the Arctic
Region)2 0|SaHQ! 2014 12ofl ®EstD,'” 2zt MEH

2F2 SA5E| Qs MEE ME AdzEE gy oE

mjo _I

S BiESIRACE 2|1 2015 18 & MMkl o

ri"

2= Z T 11 M(National Strategy for the Arctic Region

Implementation Report)S YWHsIRICE ™

Sl @it HRuAMe| o|=e E=2-M g B 2 7|
2 =X BEAl HEE HECH o 7271 HAX| CHESHRICE
£ 7IEE Efe gioko| 2o T LIHX| YR20pHER
ExX7F 20l ol Z2RE= ZE £30[++00 ofsta
oM, CiFst HEX 7|7 (Interagency)S0| U0{ 0|S0| =
2ot &2 st ot

1) 0] 228, RS ofUx|s, 2ECHEE Atn I2inistjct =2
L7 H(NOAA), SHESH(EPA) SO0| H& F27|E0|Ct,
(M3, 2014, 50662 Et=)

12) The White House(Washington) of US, National Strategy for the
Arctic Region Implementation Report, Jan, 2015,
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&% U.S. Actors in the Arctic

Executive Office of the President(EOP)

Council on Environmental National Security National Economic Office of Management and Office of Science and
Quality(CEQ) Staff(NSS) Council(NEC) Budget(OMB) Technology Policy(OSTP)
S
Department of o el Department of DTGl Gl Department of Department of Depanmeng o Departmept t
Defense(DOD) Home!and and State(DOS) Commerce Energy(DOE) Labor(DOL) Transportation the Interior
Security(DHS) (DOC) (DOT) (DOI)
( I \ I ( I \ ( I \ ( I \ I I ( I \
Department of U.S. Coast Bureau of International Energy Information Mine Safety Committee Bureau of Land
the Navy Guard Energy Trade Administration(EIA) and Health on the Marine Management
L (DON) (USCG) L Resources(ENR) ) L Administration(ITA) ) L ) Administration Transportation (BLM)
T T T (MSHA) System(CMTS)
U.S. European ( N ( . N ( National Energy ) Bureau of
Command Bureau of Ogeans Natlgnal Technology Maritme Ocean Energy
and International Oceanic and P
(EuCom) Envi ! Laboratory(NETL) Administration Management
nvironmental Atmospheric :l: BOEM
and Scientific Administration (MARAD) ( )
U.S. Northern Affairs(OES) (NOAA) Office of
Command L J U ) Environmental Bureau of Safety
\_(NORTHCOM) ) Management(El and Environmental
:l: Enforcement
Office of NEPA (BSEE)
Policy and
Compliance

Fish and Wildlife

Service(FWS)
Office of Fossil

Energy(FE)

U.S. Geological

Survey(USGS)
Office of Policy

and International
Affairs(Pl)

Independent Agencies

s s : i : : : :

Central Environmental Federal Energy Marine Mammal National Aeronautics National Science Office of the U.S. Arctic Research
Intelligence Protection Regulatory Commission and Space Foundation(NSF) Federal Commission
Agency(CIA) Agency(EPA) Commission(FERC) (MMC) Administration(NASA) Coordinator(OFC) (USARC)
(3O 1) 0|79 3T 23 82X 9 7|2
= AArctic Policy Group', Alnteragency Arctic Research CIFBH CHAOfl A 2H7 |2 7t 282 6t Ut

Policy Committee (IARPC)'™®, Alnteragency Policy Committee

e _ o 0X 0|2 HEH
on the Arctic™, Alnteragency Working Group on Coordination ok

ol E8txo|1
of Domestic Energy Development and Permitting in Alaska'”

National Ocean Council®2| HE X 7|T150| 22X 4340

25190}
13) Ibid. 16) xI2EZ HEX] 3|9|Z National Security Staff(NSS)7t 2| &=] 4~8H
_ HHE LN 2T 232 TSIt

14) Arctic Policy GroupS 2527} o|&(Chair) H&S stm Qlm, Xteiut s ToemTes
2o HE 7k 717 £30f °fE_ FE FMelst 2B ol ZE 17) 2011 HHE HEX 7|72 LHFE XH2H0| oEo = UfATI0|A
7| 20| Zodote] B 3|28 JHZ[SHH 2|7 X MM x2S Sict LIS & shetollAM ol 4X| 7HES @Ist =20l tsh ZEA| 20| U=

} _ CiE7 |2t 3 22X ZH HEX FHolF|o|C

15) US Arctic Research & Policy Act of 19840 Z7{5t04, 1984F &M
= HEXN 7|72 NSF7L oHZIS B UCH, thEE S7tus|s 18) 271 A0|ALSI(NOC)= etz nbsty| &= 4(Office of Science
2| ®3|(National Science and Technology Council)Atst Committee and Technology Policy: OSTP)zZ} dHotmt StZAZI0|ALS|(Council of
on Environment, Natural Resources, and Sustainability2| & =t Environmental Quality)2|Z0| NOC &S59|&e &1 Qon, 235 &t
et 715E o, S| thet 45 22 dgE ¢ ch ZaE ol Y HMS XSS

(RAOIE https://www.whﬂehouse.gov/administration/eop/ostp/

_ 19) The White House of U.S., supra note 12, p.23.
nstc/committees/cenrs/iarpc &%)
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2M gl 1R S3 (Search and Rescue Exercise)

O[AFE] 2IF=(2015-2017)0 =M MEA Q&= F= 2aMo2 3o SHaA & 1371 Al
of S5 o Al2ls AvilstH okl (& 2)2t Zoh

240 S3(2013)2|
MisHe7£1(2014)

23 LM 1R 2435} (Enhance Arctic SAR)

HIFE)RHAOLAR| Q| QrFistn MAYQL= THe

SHUEAES (Marine Envi'tal Protection)
(o]

ZH| % MEA M
(Improving Economic and
Living Conditions)

(Arctic Ocean Safety, SHAESTH HELIT (MPA network) -

Security, and Stewardship) X5 ==2 28 1= (Regional Seas Arrangement) -
235 A3 HE (Arctic Ocean Acidification) HERZ| 25 (AMSH 524 TI| 48)
230j|4X| HAHE|9| JHE| (Arctic Energy Summit) -

AL X| E2 St (Renewable Energy Demonstrations)

Qt=0|2d ST xHAol|LAX| X7 SE! (Pursue
the Development of Renewable Energy Resources)

b QAMAIA 7HM (Water and Sanitation)

B[t

EAl H7} (Telecommunication Assessment)

Ho

23 EMQImat 7= (Develop Communication
Infrastructure in the Arctic)

KAt oflgt 2 3|2 S (Suicide Prevention and Resilience)

FHLiCt olE= Z20H S| o 3t

7|&HE 54 S
(Addressing the Impacts
of Climate Change)

CET| 2EH (EUIE) US
(Reduce Short-lived Climate Pollutants)

S22 =R A=
(Reduce Black Carbon in the Arctic)

S3 ARUE| & MElAe| 7|2Hst ME U 3|5
Ecosystem Climate Resilience)

(Community and

BIE /SR S8 MeZI9IT (NS =8, 23 7
SUEI RIA7Hs 4, 2, 23t 2l0fR4t 37

23 7|3 50} 1t5t B3
(Improving Arctic Climate
Science)

TjstEs™ M2 £21 (Agreement on Scientific Cooperation)

AiH ofg0l it QR AC ZRIW Al

= C|X|" D=X|=HMZ (Arctic Digital Elevation Map)

23X =H#/X|= XZ (Chart the Arctic Region)

R7|AE XFEA|AE =21 (Early Warning Indicator System) -

x 7|EF 220|AHS| X|Q| Z3HStrengthening the Arctic Council) 2! 2=20|At3| £ & (Public Diplomacy Campaign)E Q&= 2 240 ZEHE!

(E 2) 820|Al3] &= Z2O8(2015.4)0t = S22 MEH2KH2014.1)2t H|m

0j20] 220IAE| IR FE DRI F T RS 20144 10| LEE SIHM MRH2m} oE HBUS ¢ 4 U,

Slot 20| Dl 2I0/AHE ZRIMS (RS 0]2 26f0t HEI 20138 SIS |HIOR B 20141 AHAH(QHT}
NEEE UR|siL ZatEs 2AS 2D UCh X 020 230IME % ZRIMe 0|2 S3HM I LS| UM ®
= =apc|(UaATY oA mRaMo| HEtoR MY 4 Urt

B H2(1971), 3l0171(1983), & SRIE(1004) S| LHE 23 2rIEHS A#(mplementation)ECHs Mt Zeio]
oLt ZA RAl HER(2009)2 2 SR0I4E AN SYLHE WO SIHM 22 U 32 HSAIC
123 022 =0l 7|utst0l 02 Qujut BHYRLE B3 RIIN(2013)S LHSIYD, OIS 7|HIOR 50 ZUM0|T AR
Q| MSH72](2014) Y AT HUN(2015)8 WHES HIHOR WHIHM SIHM FZFAS NS 0lFct B

ORI AIRo| B3 MM Fo| YN LS oI RN MAIZCE ol

0| AlZ|oll 2=0|At=] 2=

o
=
= QHjn} BRET B =

S AN o= S50|AE QI’SE Z= 0= BHE 71S011, F

20) See Proposed U.S. Arctic Council Chairmanship Program 2015—2017, p.1.
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1. J. Crowley, R.Katz, P. Huybers, C. Langmuir, S. Park,

Glacial cycles drive variations in the production of oceanic

crust. Science, 2015.

OCEANOGRAPHY

Glacial cycles drive variations in the
production of oceanic crust

John W. Crowley, "

Glacial cycles redistribute water between oceans and continents, causing pressure

changes in the upper mantle, with consequences for the melting of Earth's interior.

Using Plio-Pleistocene searlevel variations as a forcing function, theoretical models of

mid-ocean ridge dynamics that include melt transport predict temporal variations in

crustal thickness of hundreds of meters. New bathymetry from the Australian-Antarctic

ridge shows statistically significant spectral energy near the Milankovitch periods of

23,741, and 100 thousand years, which is consistent with model predictions. These reslts

suggest that abyssal hills, one of the most common bathymetric features on

Earth, record the magmatic response to changes insea evel.The models and data support
etween glacial cycles

o bamymemc Tabic o the sea floor.
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