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SUMMARY

The purpose of this planning study is to propose an implementation framework for the
project entitled “Integrated Seabed Geological Survey and Geo-environmental Assessment of
the Arctic Frontier Region” and to identify the key research priorities and core technology
development tasks required to achieve its final objectives.

The Arctic is the region where warming is progressing most rapidly on Earth. Recent rapid
sea-ice retreat is opening previously inaccessible high-latitude and largely unexplored frontier
waters. At the same time, the Arctic seabed is undergoing rapid geo-environmental changes
driven by warming, including subsea permafrost degradation, gas hydrate dissociation,
methane release, and the formation and evolution of distinctive seabed structures. These
changes may act as critical Arctic-origin risks that further amplify global warming. In addition,
sea-ice retreat is closely linked to the expanding potential use of Arctic shipping routes,
increasing demand for subsea space utilization such as submarine cables and pipelines,
growing needs for the assessment of energy and critical mineral resource potential, and
intensifying competition over jurisdiction, continental shelves, and Arctic governance.

To respond to these changes, it is essential to secure fundamental seabed information
beyond conventional sea-ice and ocean observations. Information on seabed topography and
water depth, sedimentary structure, basement distribution, seafloor stability, subsea permafrost
and gas hydrate distribution, and potential slope failure provides a scientific basis for safe
Arctic route utilization, subsea infrastructure siting, strategic resource potential assessment, and
decision-making related to continental shelves and marine space use. Accordingly, Arctic
seabed geological and geophysical information is becoming increasingly important as a core
foundation not only for scientific research, but also for climate change response, Arctic route
utilization, subsea space management, strategic resource assessment, and national Arctic policy
formulation.

To respond proactively to these emerging changes, this planning study designed a research
program to systematically secure and transform into strategic assets geological, environmental,
route-related, and resource information in Arctic frontier waters—high-latitude unexplored
areas that are becoming newly accessible due to sea-ice retreat. It also aims to promote
Korea-Canada joint geophysical exploration and seabed geological surveys for the future
utilization of the Northwest Passage, precisely diagnose variability in the Arctic seabed
geo-environment and mechanisms of warming acceleration, and establish a scientific basis for
Korea's Arctic strategy through the identification of promising areas for energy and critical
minerals and the assessment of their resource potential.

To this end, the plan sets the following as core implementation components: regular
expeditions using icebreaking research vessels; expansion into frontier areas such as the
Chukchi Plateau, the northern East Siberian Sea, and the central Arctic Ocean; joint surveys
with the United States and Canada; production of comprehensive seabed geological maps;



and construction of an integrated geology-environment-route-resource information system. In
addition, independent seabed exploration capability specialized for ice-covered waters is
considered a critical determinant of the success of this program. Accordingly, the plan
proposes the development of advanced exploration systems, including remotely operated
vehicles (ROVs), controlled-source electromagnetic (CSEM) systems, and high-resolution 3D
seismic survey equipment, together with core Al-based data analysis technologies.

These technology development efforts will be linked with multidisciplinary research on
subsea  permafrost change, gas hydrate dissociation, methane source tracing,
paleoenvironmental and paleoceanographic reconstruction, and quantitative assessment of
seabed resources. Through this approach, the program aims to establish a foundation for the
integrated interpretation of geological, environmental, route-related, and resource variability in
Arctic frontier waters. The plan also considers potential linkages with large-scale international
science programs, including the provision of baseline data for future proposals related to
Arctic subsea permafrost drilling under the IODP framework.

Major countries such as the United States, Canada, China, and Japan are already
systematically accumulating Arctic seabed topographic, geological, and resource data, while
Norway has also moved toward the commercialization of Arctic seabed minerals. Korea
therefore needs to secure key information on high-latitude Arctic research areas and advanced
seabed exploration technologies for ice-covered waters prior to the deployment of its
next-generation icebreaking research vessel in 2030. In this regard, Korea must move beyond
the previous stage of basic Arctic exploration and infrastructure building toward the
preemption of information in high-latitude Arctic frontier waters and its conversion into
national strategic assets. Building on Korea's accumulated research achievements and survey
data in the western Arctic, this program is designed as a policy-linked, integrated R&D
initiative that combines entry into high-latitude Arctic frontier waters, development of a
scientific basis for the Northwest Passage, precise diagnosis of warming-acceleration risks,
strategic resource assessment, and construction of an integrated information platform.

This planning study establishes industry-academia-research-government cooperation and
international joint research as core implementation foundations. Domestically, it seeks to
establish a shared-use framework for seabed resource information through a collaborative
research consultative body involving universities, government-funded research institutes, and
industry. Internationally, it has built a foundation for joint surveys in the Northwest Passage
and Arctic continental shelf areas through close cooperation with the Geological Survey of
Canada (GSC), the US. Naval Research Laboratory (NRL), and the Monterey Bay Aquarium
Research Institute (MBARI). Through these efforts, the program also aims to secure advanced
seabed exploration technologies, strengthen international cooperation networks, foster
specialized human resources, and promote the development of a sustainable research
ecosystem related to Arctic seabed geology.

If implemented, this program is expected to contribute to the expansion of Korea's marine
scientific frontier and the strengthening of its leadership in Arctic governance by securing
priority access to seabed geological information in Arctic frontier waters. It is also expected to



generate strategic outcomes, including the establishment of a scientific foundation for
Northwest Passage utilization, precise diagnosis of Arctic-driven warming acceleration,
identification of promising areas for energy and critical minerals, expansion of Korea's national
strategic resource portfolio, and self-reliance in seabed exploration technologies specialized for
ice-covered waters. In addition, the integrated geology-environment-route-resource information
system developed through this program is expected to serve as a national strategic asset and
provide a scientific and policy decision-making basis for Korea's engagement in the Arctic.

Furthermore, by securing a multipurpose information and data foundation that encompasses
not only geology, environment, routes, and resources, but also responses to Arctic-driven
climate change, the program is expected to contribute to the creation of new Arctic maritime
industries, support national strategic industries, and strengthen a public-facing response system
for Arctic-origin climate risks.
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2025 Arctic temperatures were much warmer than average

ARCTIC
OCEAN

ATLANTIC
OCEAN

7.29F Difference from average temperature

-4°C 0 4°c

Arctic warming has outpaced global warming

2°C ~13.6°F
Arctic

g
1°C 1.8°F
2
g
S 0°C —1991-2020 average 0°F
g
E 3 ;
g -1c NAW VY -1.8°F
g L ]
2
g -2°CE |.3.6%F
a

S3FCL o Lo P Lo B b b b b b L L 1-54°F

1900 19E0 g 1934 194i 195 1360 oo 1980 1990 2000 2040 2020

] ™ X+ B CHH| 853 7|2 45 30| 8 2025E 7|2 MK}
2 M (NOAA and CIRES/University of Colorado Boulder, 2025)
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ME HOIF(US. Geological Survey, 2008)
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l * I Natural Resources Ressources naturelles
U Canada Canada

Ottawa, March 13, 2026
Dr. Hyoung Chul Shin
President
Korea Polar Research Institute
26 Songdomirae-ro, Yeonsu-gu,
Incheon, 21990
Republic of Korea

Letter of Support of Dr. Seung-Goo Kang application to the Research and Development
Funding Program of the Ministry of Oceans and Fisheries (MOF) of the Republic of Korea.

Dear President Shin,

I am wnting to express the strong support of the Geological Survey of Canada (GSC) for the
funding request submitted by Dr. Seung-Goo Kang, Pnincipal Research Scientist at the Korea Polar
Research Institute (KOPRI) for the project tentatively entitled “Integrated Seabed Geological
Survey and Geo-environmental Assessment of the Arctic Frontier Region” to the Research and
Development Funding Program of the Ministry of Oceans and Fishenes of the Republic of Korea.

Over the previous funding cycle, this collaboration has enabled important geoscientific surveys in
the Canadian Beaufort Sea. These efforts have significantly contributed to improve our
understanding of the geological characteristics of Canada’s Arctic offshore regions. Such work 1s
essential for advancing the geoscientific knowledge base required to inform responsible natural
resource development and to better understand environmental change in the context of a rapadly
warming Arctic.

This program will provide valuable opportumties to expand these efforts through additional
geoscientific surveys conducted aboard icebreaker research vessels operated by KOPRI. Access to
these platforms represents a unique and strategic capability that will enable the acquisition of high-
quality datasets in remote and ice-covered regions that remaimn poorly understood.

This funding will also strengthen collaboration between KOPRI and the GSC. Continued
engagement will support the exploration of future joint survey activities in the Canadian Arctic
and including the Northwest Passage, fostenng international scientific cooperation and the sharing
of expertise, data, and infrastructure.

Our collaboration with KOPRI aligns strongly with the core mandate of the GSC, particularly n
supporting mmtiatives that unlock the potential of Canada’s North, strengthen international
geoscience collaboration, enable climate adaptation and resilience across Canada, and improve our
understanding of offshore natural hazards. Furthermore, advancing geoscientific knowledge of the
Arctic contributes directly to Canada’s capacity to renforce its sovereignty and stewardship in this
strategically important region.

Canada
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- Polar Research Institute of China (PRIC)
- Chinese Academy of Sciences (CAS)
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- Xuelong

- Xuelong 2
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- Japan Agency for Marine-Earth Science and Technology (JAMSTEC)
- National Institute of Polar Research (NIPR)
O iz ¢4
- R/V Mirai
- RV Mirai Il (=€ 0f|F)
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&y .H'h T FoT
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W Deep sea
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=AY BHASE g0, 88 7 ofdut 2t Tl FENA| 2L /S 20E

AUVE Si{M T Tptolof M EYSIH XARE FSOH7| W20 MeF X CHERECh =M
=2 SiMze I XHX2E &HES = ol 5 6H7(17(| o EAR[E ofyzt Ft
Mzt MEX|SEAL7|, acoustic Doppler current profiler (ADCP) Ciot ZHIE 2
A = A0f Cietx 88 A+ o 0 72l (Wynn et aI., 2014)

0N Fe ATE HE PUYAIHIS FHO2 23o)o TAHYE NBXLHE At
22 2Eoln Yon, ¥ 23 TEEO oINS HY Aot HF AT ARE O

S g Aoz MY

(A 2-26] 533l Gakkel Ridge®Al AUV/ROVE ZQlst Ho
2= (Isler et al. 2024)
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HMIFSES2 HF2 HES Mot UAS 71sd0l 1 1 88 80| 7|2 H}
7t&st SLSA AME ‘P_”é!’é*,l'f %EE‘S"}” gAE = A7 W20 =eoM=s 3 ==t
n
4

Overduin et al.(2019)2 5= HESHAM iXIFLSESS B ==EE BII6H7| 2y
1-D @HE 7|22| SuPerMAPE =0t SA|HZ|OLSH-2tZHZoi-2HES] S =2 df
AoM HMBFSES Bt A HotE MAIBIRS. Ol &9 #R2oM XIS
EFO 2% JtsdE WF0tn Hlug = s 7= S5 HSoUtks oM 2|of7t

=
O

Sherman & Constable(2018)2 CSEM(controlled source electromagnetic)s Sl A B 0j| A

FDOM OBty AT EHES S| HNETFSES =EE AL O AFS
7|50t Hu-gdSots AFE OIS CSEM2 HI|HEE jtPOIE O|&dt= BAIE
o JiHez NHNY S48 20l= dNAFSESS MEsots O waloto] B

o At2Q AsHtMoz 2 £ 9lg
Paull et al.(2022)2 =X AA0| SSALE Sofl HLICH EHE AFHOA LtEILI=
4%t fMXH Bt SINIASESS &7

HAISIg S, AP0 ME SINETPASES SHETL
submarine thermokarstt H1Qt 22 ZEoH X[H0|

S, =Xl MR 2 2

£& 0f2 VA s Msto] i SFSES I
S OIEE1I0IEEI Z2g 225 EIotks A= MAL

1S (Grob et al., 2023)

|_JIZI
O
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HE x|* BAI7} ofuz, JlEus HE wE, Ae ey, A

r|o OHH
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CHES 7HEAE|] HEfe siX & #x 2t HAE
HoFE= KT 9 SHHE (Paull et al., 2022)
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Global CH4 flux to the atmosphere = 555 Tg y' 2° EMISSION OF CH, TO THE ATMOSPHERE:
Total Ocean-to-Ati CH, Emissi

e i"‘,‘;‘;‘}';?y"'“ FPaEmAtal = ~13t013Tgy cm EMISSION OF CH,-DERIVED CO, TO THE ATMOSPHERE.
CHj Hydrate Flux to the Atmosphere = Unk Magnitude = Unk

Atmosphere

DISSOLUTION OF CHy IN AEROBIC MICROBIAL CH, Incorporation of
SEAWATERS: OXIDATION TO BIOMASS AND CO,: ¥|| CHs-derived carbol
Open ocean dissolved CH; || Measured oxidation rates in oceanic carbon
concentrations = 2-300 nM ™ [ [ =10"° to 10° nM CH, d"" cycles ™™

Background concentrations of dissolved CO, and dissolved

Updip IiECTiotly inorganic carbon (DIC) = ~30,000 nM and 2,260,000 nM,

hydrate stability

respectively
IANAEROBIC OXIDATION| X . FLUX OF CH4 TO THE WATER COLUMN:
OF CH, IN OCEAN > - Estimated Contemporary Global CH Flux across
SEDIMENTS: ' j Sediment-Ocean Interface
80-90% of upward =16-3200 Tg CH, y"* (section 4.2)
diffusive ﬂu1x (estimated a For comparison:
at400 Tgy™* CH,) —— Global CH, Flux durlng the PETM

oxidized anaeroblcally C DE =110-1500 Tg CHy v

Seawater

Sediments

[O& 2-28] 7tA SIO|EHO|EOfA] OfEt BiEat ezl 2l 3 A JHEFE (Ruppel
& Kessler, 2017)

O 5= UESI HEAHOAM S HE HE2 = Al FHZ QAR
RO, X2 =9 AFE the EEZ AFO| XX 20 M8 MEA-O|SE2-siKH
2 F1ZE A Yot Yoz UMD UG (Plaza-Faverola et al, 2015)

O Biinz et al.(2012)E == Vestnesa RidgeOlAl F 53t 3D EHYT XI2E HIECZ

Tt WY Rx QK BE SR, JAAE %ﬂ 22T HABES. Olt
YH0| SF NIYOIME Bt 20| ofLjzf, RXXTY SH oof BUHoR 2

—

i =2 ot
OF mm oox

J

HFZ CHEAIHOIAM 1,00071 O|&Q| 7tA EZOE EX|SH0]
| 40| ofLjgt FYXozE UHE = USS HMAISIAS. Seepage
ZXEHSH qolar ESHA HZAL0 en], SHEO
T HO&(Plaza-Faverola et al, 2015)

O S0 OIE s 7t EHE dY SHYOM HtEHo = RFE(U oM,
Ol FZ o|0|Hste FxHez AEdigs AT US| F™AELD UASZ(Westbrook

et al, 2009; Lehmann et al, 2025)

O Z[Z20|= chirp At=2f 3D EHYIb At OfL 2t IO, piezometer, X|2tst Xt2E AT
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Sto] MEH HE sy, HERE Y| #E o[x(’7|-Ztdr] AAHY)S SYHECR
St A7 | T QI2(Cooke et al, 2023; Plaza-Faverola et al, 2023)

CEob noiate 3D EHEm XE=O| HAlRd 7| HAtE ©HE FF LI5S H 8510,
Vestnesa RidgeO|A ZtA F=Z2p EE O/M tHE5 A planar featuresE &4t= AT
T HAIE2 S (Cooke et al, 2025)
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Lo SIME DdE 252 MEe de 0|52 Atste 7ls

k=3
o =
oF IFEOIM M e FEY o+ A0 MMYEA 2 gistet: S GAE

Klasek et al.2021)= AHIE SIO|EYO|E ORREO|A OIEt S5 HEfO| M2t SMTZ
QX|et O|ME TE(ANME-SRB), AESCtAM

= = O

BoE

ZZ20le == W o A2t 018S(MOB)O CHot AT AEXE7F SEEHAM AT xF
Of tha=ot DJYE =X =HQI0M HO{L} SiX-=Z AA A|A-C| & KT 20HE FE
Moz HWItste oz Tgtsta QUS(Uhlig et al, 2018). ESH ZEAAZ BIE0| |7
Bt =2 OdE 28 FRE "ot 7le HALUES F0M X X2t X224
Ste ATk B715t AS(Lv et al, 2022)

OjdE ZH 2tE A 232 Y 224dd Mz AY AZs7| fdiMe X+
=o| A 2-S55e-0[dE7 -3 Mol IFEE SA0| 255t &8 A7 2Rt
CH= HO| BHEXOo 2 X 7|E|1 S (Klasek et al, 2021; D'Angelo et al, 2024)

oiEt AolM Ojd=ety F20| o Old BExX 47 OfLZt sfMX|Z-+

=1
=
F-O7) A diMel sty Fez A2 1 ASS 2o

Methane emission to hydrosphere
>0.02 Gt Cyr’!

o

| 1
POC input ° §° | DIC and DOC
>05GtCyr' ° efflux\
:‘" g /\? Methane filter
— » \,\ —————) atseeps

<0.01Gt Cyr \
Methane flux

AOM-SMTZ _ <0036t Cyr m
<0.05Gt Cyr M H Carbonate

POC burial 9 K\ precipitation
>01Gt Cyr! / < li Gas hydrates
O >1,000Gt C
Nt
o
Methane fl
Methanogenesis ethane flux

>0.04 Gt Cyr”'
A Q
OUlol
|
POC burial L
<01GtCyr?! ——
e 1-1km
-I-III-II""IJ!-‘ 1 .7.‘.....—IIIIIIIIIIII
Thermogenic and >1km
microbial methane below sea bed
production
?2GtCyr!

>0.02Gt Cyr!

POC reservoir >200,000 Gt C

(O3 2-31] HE @4E XM O/dEo MEsHY
oE 1P ZAE(Boetius & Wenzhofer, 2013)
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Winter o Breakup
|\ Ice rafting /
River freshet — . ! ‘mplume
Bedload h ) WG
Keelscour™  Storm resuspension Strudel -
in polynyas, scour Deposition from
flaw leads under-ice plumes
L = P T - ¥ —y n I £~ T e T — LI T
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@ = b A 3 = = i
] = o T a2 5
St = s ZE s 2
o o 3= 5]
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\\ (fempantice] \ Sediment entrainment Wind
o == —— ——ﬂﬂ —— *‘7
Bedload River plume Bedload S
Wave Storm Frazil Storm
resuspension  Midshelf  resuspension production resuspension
convergence
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] = [ ] = o
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a Q o )

(O3 2-32] 53 HES0A AHAE s 2d5t= EX =2 =28 I ZA L (Eidam
et al., 2025)

oM M7rta Ate F= O|2A XAZ oL X[ HgA|lAH> i, BAR
s HEE FHMNeE $HE|D AZ. Gautier et al.2009)2 O|= USGSS| =4
x

244 H[o & 13%7t
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> Ho

Ho pk |

E

d —T—
%
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I

AHUBIIE Sof 20| M A 0/gH HEIRAo| o 30%, 0|
223 JH540| 9o, OIS XHE0| F2 +4 500 m OlUel shAo) EX 4 Uckn
RASIHS. SAlOl SYSIeer 22 Aol 2XIE HUHoz 4] BNl ¥a 53
of Fuelst LiE20l TR KUY HASR Yot UTkD AstAS

O 2Lt =X EAtRL dit 2E A= S3o) W0 @SoA 2207 |ED, Aldd
ot ek dfgut QE tESS ° o] BiHIZBO| FL, Lutz et
Lt

Al
al.o2N2 5 =290| s X0 1980 0|= 50707t e {-7tA™O| LAY
& 2|7ts KR 21%E AHX[BICHD HE2|otA S, BHH S5
.|

Hu ap
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bl
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o 0] X|¥o| =2g|0| o l
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2t HYHSIYS. ESH Norwegian Petroleum Directorate(2017)£ &5 Barents Sea
NorthOff CHat E7tOfAM OFEl EFAPEO| AIFE[X] UL, &= At Y g50= &
H AIFE74 DsiCtn HAISIAS. Amberg et al.2024) SA| Olga Basin LS A= 7}
Hot&ol —2E|0 EAL XY st AUS
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O JBBE FH A= QA Z

Ok

FS HO|H, OZIZtEQ| &AL ZE0| offshore West
Greenland, Baffin Bay, offshore North-East Greenland® FTHOZ HIWEAD E3|
2010-2015F  ANO| CHtZ 2D3D BRI FALRL 789| FAME AIF7L O|RO{R
(Christiansen, 2021). Gregersen(2008)2 S-&% Baffin Bay2| Melville Bugt 3{¥2 ME2
TEEO MREA X2 HAISIHME S5 Baffin BayOl= OF AlF30| gl F7t
Az eI HQdrtn EYE. Ol 536 AF-7tA BAL F2 Aot=9| QI &
- ZEE|0 S0 THEN ASE HOlE

0

Ol

0 o

0= Zef27E M= Bt A Y2 Alaska OCS| A=Y, £35| EHEL)
s

of MX|glf ZSMOZ AT AL, BOEM(2026)2 Alaska OCSE 1174 A7z 3
2o 7t Aon, EHESHRE HX[BHE Ay ASAHCE xSt UZ. Ol F
= MF-7tA A A7 5 53¢ S ECts 271 2 Ste| THES R UE
2 BeCE AL USE HOFE £ CHE A

S8 MFItA BAF A AREeE Y XREY Ao S HYES A
2 L0 XD A DS XF=E AR FH, BAE AlF G HET O|F
OfZl X2 F2 glotx e sfdut oY IES0| EE0f US. dtH FY S3Y
34 R 1= ZTEE[Y Y2 X|FS2EALR siAo| SHi0| EXfE. MHatA F=0
= 5= ZEEQ S0 tiet MHE EAE Sof sHMX|EXF2E 7|XXEE 2HES
1 ge A Y ot =MEE =20 s FEHS MEY Rt /US
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UNDISCOVERED OIL
{billion barrels)
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<)

Aren not quantitatively assessed
Arep of low petroleum potential

minui] | |

UNDISCOVERED GAS
{trillion cubic feet)

=100
G- 100

dofoem

Arca not quantitatively nssessed
Area of low petroleum potential

[28 2-33] 5= 0|2A M7 S HA7bA KR HWE £ E(Gautier
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MEMORANDUM OF UNDERSTANDING BETWEEN
THE GEOLOGICAL SURVEY OF CANADA AND THE KOREA POLAR

RESEARCH INSTITUTE CONCERNING COOPERATION IN EARTH SCIENCES

THE GEOLOGICAL SURVEY OF CANADA (GSC) AND THE KOREA POLAR
RESEARCH INSTITUTE (KOPRI), hereinafter referred to as the “Participants”,

CONSIDERING their mutual interest in developing and reinforcing their
cooperation in research related to the field of earth sciences;

WISHING to establish a framework for this cooperation in cooperative
investigations and scientific exck concerning the earth sciences, and on subjects of
mutual interest;

HAVE COME to the following understanding:

1. PURPOSE
The purpose of this Memorandum of Understanding (MOU) is to establish a

working relationship between the Participants in the field of earth sciences, on the
basis of equality, reciprocity and mutual benefit.

2. SCOPE OF COOPERATIVE PROJECTS
(a) When the Participants intend to enter into a form of cooperation as
described in this MOU, they will conclude an Implementing Instrument
that will set forth the timing, scope of the specific form of cooperation,
deliverables and any other matters on which consent might be desirable,
including intellectual property considerations.
(b) The Participants will annex those Implementing Instruments to this MOU

for informational purposes only as they will not form an integral part of
this MOU.

3. AREAS OF COOPERATION

The Participants understand that their cooperation under this MOU may include
the following areas:

(i) geosciences related to polar regions;
(i)  marine geophysical surveys;

(iii)  mapping and remote sensing applications;

198

HHA 7|grora




4.

(iv)  science and technology related to gas hydrates;

) geoscience information and related informatics;

(vi)  environmental geology;

(vii)  geological hazards and risks; and,

(viii) other areas of cooperation they may mutually decide upon.
FORMS OF COOPERATION

The Participants understand that their cooperation under this MOU may include
the following forms:

(@

(ii)
(iif)

(iv)

()

(vi)

cooperation on individual research projects in areas of interest
identified under this MOU;

exchange of personnel to work on cooperative projects;

exchange of scientific and technical information relating to the
development of work on cooperative projects;

liaison and coordination with industrial, academic, professional
and other organizations, where appropriate;

encourage research and development, demonstration research
projects and technology transfer; and

other forms of cooperation they may mutually decide upon.

CONFIDENTIALITY OF INFORMATION

The Participants will share, publish, or hold in confidence the scientific and
technical results of cooperative projects conducted under this MOU in accordance
with the specific terms of the associated Implementing Instrument.

DESIGNATED REPRESENTATIVES

The Participants will designate appropriate representatives to identify cooperative
projects, and details of their implementation.

FINANCIAL CONSIDERATIONS

(a) The Participants will bear their own costs unless they decide otherwise in
writing under an Implementing Instrument. The Participants will detail all
costs or estimated costs in those Implementing Instruments.
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10.

11.

12.

14.

(b) The Participants understand that cooperation under this MOU is subject to
the availability of their respective resources.

PROPERTY & EQUIPMENT
The Participants understand that any property or equipment of whatever nature or
kind they provide under this MOU will remain the property of the Participant

furnishing such property or equipment unless otherwise decided in an
Implementing Instrument.

INTELLECTUAL PROPERTY
The Participants understand that Intellectual Property will be owned and managed

in accordance with the specific terms identified in the associated Implementing
Instrument.

APPLICABLE LEGISLATION
The Participants understand that all cooperative projects under this MOU
conducted in Canada will be carried out in accordance with the Canadian national

law, and all cooperative projects under this MOU conducted in Korea will be
carried out in accordance with Korean national law.

PARTICIPATION OF OTHER ORGANIZATIONS
When the Participants request the cooperation of other organizations for the
development of projects that extend outside of their special expertise, they may,

upon their mutual written consent, conclude appropriate instruments with such
organizations.

DIFFERENCES IN INTERPRETATION AND APPLICATION

The Participants will resolve any differences in the interpretation and application
of this MOU amicably through consultation.

STATUS

This MOU is not legally binding.

FINAL DISPOSITIONS

(a) This MOU will become effective on the date of its last signature by the
Participants and will remain in effect for a period of 5 years.

(b)  The Participants may amend or extend this MOU upon their mutual
written consent.
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© Each Participant may at any time terminate this MOU by giving a
ninety (90) days written notice to the other Participant.

(d)  The Participants understand that:

(i) termination of this MOU will not affect the conclusion of any
existing Implementing Instrument between them.

1

(ii)  termination or dment of the Imp ing Instruments will be
done in accordance with the relevant dispositions of such
Implementing Instruments.

SIGNED in duplicate at Zincheon , on the 1,“{' day of Manwcr 2022,
and at O#au’k ,onthe & dayof ) 2022, in the English, French
and Korean languages, each version being equdlly valid.

VD) g £,

FOR THE GEOLOGICAL SURVEY FORAHE KOREA POLAR
OF CANADA RESEARCH INSTITUTE
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LT X EEAAN(GSC) O O|2FM(Letter of Intent)

ILIEE X ZZAIRE SK|HFRO| sfYit? AIHZAIY LEO TS XX 2JAE
Y B, Lt EHES| S5 S 0| 7ot &% LIt 553
A SMLZE ZLS SSTAL HOHHEY 222t S5 E2ds MAISHE Us

Ol & At7| A7t =i Metof XX g, Lt = sy 7(20] Hedat €3 7t
sds SAHLeR A¥ota RS EUF

53] 2 M= Z[FEAMe SHEOF 22 ‘EMYRE JHHE Y IHIS XF=E
BAFQE A A, Aots HY |H =Eo| 2N 247t E

l o I Natural Resources  Ressources naturelles
1 Canada Canada

Ottawa, March 13, 2026
Dr. Hyoung Chul Shin
President
Korea Polar Research Institute
26 Songdomirae-ro, Yeonsu-gu,
Incheon, 21990
Republic of Korea

Letter of Support of Dr: Seung-Goo Kang application te the Research and Development
Funding Program of the Ministry of Oceans and Fisheries (MOF) of the Republic of Korea.

Dear President Shin,

I am writing to express the strong support of the Geological Survey of Canada (GSC) for the
funding request submutted by Dr. Seung-Goo Kang, Pnncipal Research Scientist at the Korea Polar
Research Institute (KOPRI) for the project tentatively entitled “Integrated Seabed Geological
Survey and Geo-environmental Assessment of the Arctic Frontier Region™ to the Research and
Development Funding Program of the Mimstry of Oceans and Fishenies of the Republic of Korea.

Oner the previous funding cycle, this collaboration has enabled important geoscientific surveys in
the Canadian Beaufort Sea. These efforts have significantly contnbuted to improve our
understanding of the geological characteristics of Canada’s Arctic offshore regions. Such work 1s
essential for advancing the geoscientific knowledge base required to mform responsible natural
resource development and to better understand environmental change in the context of a rapidly
warming Arctic.

This program will provide valuable opportunities to expand these efforts through additional
geoscientific surveys conducted aboard icebreaker research vessels operated by KOPRI Access to
these platforms represents a unique and strategic capability that will enable the acquisition of high-
quality datasets m remote and 1ce-covered regions that remain poorly understood.

This funding wall also strengthen collaboration between KOPRI and the GSC. Continued
engagement will support the exploration of future joint survey activities in the Canadian Arctic
and including the Northwest Passage, fostenng intemational scientific cooperation and the sharing
of expertise, data, and mnfrastructure.

Our collaboration with KOPRI aligns strongly with the core mandate of the GSC. particularly in
supporting initiatives that unlock the potential of Canada’s North, strengthen international
geoscience collaboration, enable climate adaptation and resilience across Canada. and improve our
vnderstanding of offshore natural hazards. Furthermore, advancing geoscientific knowledge of the
Arctic contributes directly to Canada’s capacity to remforce its sovereignty and stewardship in this
strategically important region.

Canada
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. o I Natural Resources  Ressources nalurelles
T Canada Canada

For these reasons, the Geological Survey of Canada fully supports the funding application
submutted by Dr. Kang to secure surveys conducted 1n the Canadian Arctic and look forward to the
continued scientific and strategic benefits that this partnership will bring.

Sincerely.

Soma Talwar, Ph.D.

Darector General

Geological Survey of Canada

Geoscience and Earth Monitoring Sector

Natural Resources Canada / Government of Canada

Canada
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MBARIE 20254 BEHES| ZEEAL M2 Higoz B2
2l 7 |, 71=01T, dojede oA
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LRt gyernt fetet
= [ oA ol [ il E A
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= + olE o =Slx [ S c>
LiM=tE S =AY H2EAN dEs Zectds A2 s 20
Monterey Bay Aquarium 0 ol e
Research Institute te131
Antje Boetus, Prof. Dr.
President and CEO
Seung-Goo Kang (2.8 3) aboetins(@mban org
Principal Research Scientist +1 (831) 775-1704
Korea Polar Research Institute (KOPRI) Office: president@mban org
26. Songdomirae-to, Yeonsu-gu. Incheon 21990 Coordmator: Krystle Anderson
Republic of Korea hittp:/www mbarn org
ksg9322 fkopri e kr
i | | | 19 Feb 2026
Subject: Letter of Intent from MBARIT
Dear Seung-Goo Kang,
With great pleasure we have recetved from yvou an update on vour plans for Arctic research in the next
five years. The past collaboration with your team and the MBARI team lead by Charhie Paull has been
immensely successful Just the last expedition m summer 2023 to the Beaufort Sea margin on your fine
ship. the icebreaker ARAON, brought a whole new set of msight mnto dynanmuc seafloor processes. Your
excellence m polar science and mfrastructure combined with our expertise in ocean robotics 1s a highly
attractive package with the ability to create significant impact in understanding polar change. We are
thus extremely enthusiastic about building on this success for the future, i.e, in the coming five years
towards the International Polar Year. Beyond the research interests we share mn the Arctic, leading to
exciting collaborative field work, we would be happy to support visits of your staff and discuss the
potential of technology transfer in the fields of ocean and seafloor surveys. You have seen a range of our
mobile technologies which can be used on different ships. and we are planning to innovate further high-
resolution mapping and long range underwater platforms.
Thus we are looking forward to discussing with vou the possibilities of supporting your polar research
strategy and engaging in this mghly froitful collaboration.
Best regards.
Uﬁﬁ.@-:fé.,;f\!u
e
Antje Boets, Prof. Dr.
President and CEO
f
T A Wealle
Panid Wemase. Y Clli R
David Caress Aaron Micallef Charlie Paull Gaancarlo Troni
Principle Engineer  Senior Scientist Sentor Scientist Principle Engineer
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3/13/2026

Dr. Seung-Goo Kang and Dr. Jong Kuk Hong
Korea Polar Research Institute (KOPRI)

Subject: Letter of Intent for Alaskan Beaufort Sea Collaberation on Arctic Subsea
Permafrost Research

Dear Drs. Kang and Hong.

Thank you for the mvitation to continue our productive Arctic research collaboration focused on
subsea permafrost. This letter confirms the interest of U.S. Naval Research Laboratory (NRL)
prncipal investigators i explonng jomt research efforts with the Korea Polar Research Institute
(KOPRI) m the Alaskan Beaufort Sea. We are intngued by the scientific opportumties presented
by work along the North Slope and see a strong potential for nutually beneficial scientific
outcomes_

This letter serves as a confirmation of our scientific interest in participating in this research and
does not represent a binding commitment or financial obligation on the part of NRL at this time.

'We are enthusiastic about the prospect of this collaboration and look forward to firture
discussions to define the scope of a potential jomt project.

Sincerely.

WALTON MAUREEN Cotaly sigees by
ANNE VWAL MALEEN MNE

LEwoiR
LEVOIR. 1607046035 Dsis 262603 12 113028 L8600

Dr. Maureen Walton

Principal Investigator

Ocean Science Division

U.S. Naval Research Laboratory, Stennis Space Center

OBELCZ JEFFREY. Gl rvay ane 152

BLAKE. 1642008863 M52 i e

Dr. Jeffrey Obelcz

Prnncipal Investigator

Remote Sensmg Division

U.S. Naval Research Laboratory, Washington D.C.
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