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[ Summary ]

This planning study was conducted to establish a strategic
implementation framework for the “Development of Integrated Forecasting
Technology Based on Field Observations for Arctic Route Operations” and to
identify key research priorities aligned with long-term national policy goals.
The project aims to establish a scientific foundation for the safe operation of
the Arctic route in the short term, while enhancing national capabilities for

climate crisis response and industrial utilization in the mid to long term.

Recently, scientific forecasts have indicated that an ice-free Arctic may
occur during summer seasons between 2027 and 2035. This potential shift is
not merely a natural phenomenon, but one that intersects directly with
maritime logistics, geopolitics, energy strategies, and science diplomacy.
Should the opening of Arctic shipping lanes—particularly the Northern Sea
Route (NSR) and Transpolar Sea Route (TSR)—occur earlier than anticipated,
proactive strategies by non-Arctic states such as the Republic of Korea will
be critical. However, Arctic route forecast data are currently monopolized by
advanced nations. South Korea lacks sufficient field observation data,
advanced Al-based prediction models, and standardized data for international

submission, limiting its voice in major scientific and policy forums.

In response to these challenges, the planning study proposes the
development of an integrated forecasting system combining field-based sea
ice and navigational information, multi-platform observation (satellites, UAVs,
icebreakers), and Al-based predictive modeling capable of providing real-time
and seasonal forecasts of route availability. Given the high variability and
risk of Arctic sea ice and weather, mere surface area indicators are
insufficient. Therefore, the proposed system includes high-resolution
predictions that consider ice distribution, thickness, drift, fragmentation,
nautical charts, and bathymetry to support tailored decision-making for

Arctic navigation.

Through policy analysis, technological landscape reviews, stakeholder
interviews, and expert consultation, the study identified three core research
components: (1) Establishing a field observation system in the Arctic using
icebreakers, autonomous platforms, and satellite/UAV data, with a goal of
securing over 100 observation datasets; (2) Developing Al-based sea ice

prediction models and navigability assessment algorithms to overcome

KOPRI 13
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limitations of conventional numerical models; and (3) Generating monthly and
yearly route availability scenarios integrated into a decision-support platform.
These components are designed to be mutually reinforcing, enabling both
precision and practicality in Arctic operational forecasting.

To ensure the feasibility and alignment of the project, a Planning
Committee and subject-specific advisory panels were convened in the first
half of 2025. Over 20 expert workshops and meetings were held across key
subdomains such as observation infrastructure, predictive modeling, and
scenario development. Research priorities were determined based on criteria
including policy relevance, cost-effectiveness, technological feasibility,
competitiveness with leading nations, and international collaboration
potential. Hypothesis-driven scientific questions were formulated, and a
project roadmap was established, aligning policy objectives with scientific
deliverables.

In terms of international cooperation, the project seeks to strengthen
ties with major Arctic governance bodies. It aims to develop standardized
environmental datasets aligned with the Arctic Council's Protection of the
Arctic Marine Environment (PAME) working group and to build linkages with
the International Arctic Science Committee (IASC), post-MOSAiC initiatives,
and other global Arctic science networks. Domestically, a new Arctic Route
Research Center will be established in Busan to serve as a national hub,
facilitating collaboration with the regional maritime industry and academia,
and providing a testbed for applied scientific and operational solutions.

Globally, considerable technological gaps exist in Arctic route
forecasting across observation platforms, model algorithms, data assimilation,
and scenario generation. Countries such as the U.S. (NSIDC), Russia (AARD),
China (PRIC), the EU (Copernicus), and Norway (MET Norway) have already
developed and operate their own high-resolution forecasting systems. In
contrast, South Korea's capacity in field instrumentation, long-term ice data
series, and Arctic-tailored AI modeling remains in early development.
Therefore, this study recommends a dual approach: accelerating short-term
technology transfer and joint research with leading institutions, while
pursuing medium- to long-term independence and leadership in prediction

technologies.

Ultimately, this planning study has proposed a comprehensive R&D

structure that encompasses the scientific, industrial, and policy dimensions of

14 www.kopri.re.kr
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Arctic route forecasting. A six-year roadmap totaling KRW 41.4 billion in
public R&D investment has been structured with clear annual performance
indicators. Once implemented, the project is expected to provide tailored
navigation support to shipping companies, optimize port operations, enhance
maritime disaster preparedness, and strengthen South Korea's strategic
positioning in international climate negotiations. By securing leadership in
Arctic forecasting technology, Korea will be well-positioned to exert practical
influence in the Arctic Council and other global science-diplomatic platforms.

KOPRI 15
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1020140193 | =3} &) WJH] o5 AJ28) 5 o] | SYSTEM AND METHOD FOR PREDICTING | 914 19 39
446 W ARCTIC SEA ICE CONCENTRATION _—
R 5z =y | SYSTEM AND METHOD FOR PREDICTING
1020150016 ;ﬂlgﬂ] ﬁ{;{ f} e %ﬂgﬂl 1% ARCTIC SEA ICE CONCENTRATION BASED | 2015.02.03

AAH] A AJRR R Al e ON STOCHASTIC PREDICTION
1020170074 | w510 0] =) Wiay A = | Real—Time Mid—Term Prediction Method Of
871 gRe] 371 WA AARE oS Sea—Ice Information In Arctic Sea Route 2017.06.14
- i METHOD AND APPARATUS FOR PREDICTING
Iz = B H) o= upH
1020220022 | 327 7] 55 '8 5 84 52 Spa 1CE OF ARCTIC BASED ON ARTIFICIAL | 2022.02.21
8 INTELLIGENCE
202(231%)010 I LT WS ERCEMR PARIEY ?gfa\f:g; for prohibiting ice sticking at arctic | 54710 18
1020190052 | ;2701 5 A= 11 ren | SYSTEM FOR MEASURING ICE RESISTANCE
geg | AdsletelNel BAZ A5 AL ReaT 'SEA OF ARCTIC REGION 2019.05.07
1020150061 | apsse el g L Ay | ARTIC SEA 108 STATISTICAL PREDICTION' 015,04 50
. . | APPARATUS OF INJECTING HEATED WATER
o3 qure] HIAS) 7IAE O
1020199030 iﬁg}ﬁh‘fﬁ AT HEE AT ROR REDUCING ICE RESISTANCE IN ARCTIC | 2019.03.19
=TS VESSEL
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ANTI-BLOCKING APPARATUS FOR SEA

1020200125 | 71 BAIN] A SH0I BR8A1 | CHEST PIPE OF ARCTIC VESSEL AND | 2020.09.28
] = 3 VI,
380 A R olE sk AlY VESSEL INCLUDING THE SAME
1020100192 | 2218 qure) vk Alojnjzzg | SOOLING WATER CONTROL SYSTEM OF 9014 12,20
1020120094 | o 51 wio ol st mal Aot ARCTIC SEA VESSEL USING SOLAR
749 | RS ol8St W AT PHOTOVOLTAIC POWER GENERATION | 2012.08.29
11 o121 | ARCTIC HEAVY—TONNAGE CARRIER AND
24w B 2 oA
1020000076 | 1= o 5 o= 1L A S0EH] S1%H [0 RESISTANT PYLON FOR CONNECTING
387 | aa iﬂjgfr sl A S THE SHIP UNDERWATER AND 2009.08.18
SeHlgel e ABOVE—-WATER BODIES
102(2119197028 Ma wg) e A A MOORING SYSTEM FOR FLOATING ARCTIC 591,05 o
ARCTIC VESSEL HAVING COOLING WATER
1020190011 | §4= Ao A|2~8hS- 26= 548 A4t 81 | CONTROL SYSTEM AND METHOD FOR 9019.01.29
006 27| FA|g Aol A o] Wzl Ale] HhH | CONTROLING COOLING WATER IN THE Y

ARCTIC VESSEL

: : INTEGRATED CONDITION MONITORING
03] AMuke] B3k Al WUE]E
102022014 f]ﬂarfg f%o &% ¥ ZHEY | SysTEM AND METHOD FOR ICE-GOING | 2022.11.04
= VESSELS

102(36547032 Zx)0] A% oA FoF A U ARCTIC TELESCOPING MOBILE OFFSHORE

DRILLING UNIT 2014.03.18

. . = | Microalgae Chlamydomonas strain

= I ] = : TN .

102(29020 109 Qiu] é}iﬂﬂ by ﬂ%ﬂéﬁﬂi% U_]ﬂ: high—producing lipid isolated from arctic 2010.11.04
= — TR °7=  |ocean and uses thereof

1020130156 | A+ HAE o) g3k W) wkak A AES | Winterization for ice classes vessel using

567 T gk Auk waste heat of vessel system 2013.12.16
= . o Microalgae Chlorella strain high—producing
B 30 B B 27 AR 10T !
10203]1330002 E,];ﬁ Jaowgii‘gng}%i%}\ ﬁffegﬂg_g starch and lipid isolated from arctic ocean | 2013.01.09
e =T ©~land uses thereof
1020130158 Al HEg o231 7H Gwsl AXE | A vessel equipping Organic rankine cycle
636 sgk Wal| Wekd 7] 70 Ale]E | system for ice classes winterization via 2013.12.18
AlZES 1] Ak indirect heat transfer of waste heat in a ship
1020080114 | w9 = opgsh g, g s | PAINTING METHOD OF ICE RESISTANT [ 0011 1

430 e e i PAINT USING PEELABLE COATING

102(2310950111 A A ICE BREAKER 2019.09.10

1020137022 = e s 1 | SUBSEA PRODUCTION SYSTEM HAVING
610 A A ER) S 28 S A AR Aj2E) ARCTIC PRODUCTION TOWER 2011.12.20

1020167004 | o1 2 53] ot 9Jeflxfe] slojzejel | PIPELINE BURIAL IN OFFSHORE AND

510 | A ARCTIC OFFSHORE REGIONS 2014.07.01

102%(?89179 ZA8AL EAYGH| FEAE A48 Dynamic positioning model test system for | 941919 3

B © o polar environments
Z}u vk 2)-2-(Flavobacterium) ASB3—3
1020160115 7, ol& &gt Flavobacterium sp. ASB3—3, EPS produced
889 Al Ze| A7kl = (Exopolysaccharide, | from the ASB3—3, and method for production | 2016.09.08
EPS) & o]o] MAMMH 9l 0|2 F&51= | of the EPS and composition of cryoprotectant
AL 2AE
- . | METHODS AND SYSTEMS FOR FOOD
HA] Q. O N ZPIE o
1020247005 ﬁ@}%izﬂmﬂw B4 T2 918 pREPARATION IN A ROBOTIC COOKING | 2015.02.20
en = —w KITCHEN
1020157026 | o} —-1= ol A&l 23t & o]2] | Steel plate resistant to zinc—induced crack 9014.03.05
331 Az = and manufacturing method therefor R
= = 1a=14] ol 1w &2~ | Method and Apparatus for Absorbed
102018003 ﬂaﬁﬁm}ﬁg %%‘ﬁ 55 AR 5 Shortwave Radiation Calculation Without | 2018.08.10

Using Surface Albedo

1020167022 | 234 Q)8 7)7lo)] o2 ZH)2 95t METHODS AND SYSTEMS FOR FOOD

615 we A e PREPARATION IN A ROBOTIC COOKING  |2015.02.20
en x KITCHEN
202Q|1é|0000 THEE 15784 LAUNCHING DEVICE OF LIFEBOAT 2014.01.06
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HYDROTHERMAL PROCESS FOR
W ylo] Qo= 3 B3
1020197001 | W] 5 5, 21, 9 RS CONVERTING BERRY AND FRUIT MATERIALS | 2017.06.15
s =T e TO BIOACTIVE FRACTIONS
i e e | PROCESS FOR CONVERTING PLANT
1 = O 1O ke
= ;{?E]éﬂfw’h = A% | \ATERIALS TO PLANT EXTRACTS HAVING | 2017.12.20
Tewmes el on ANTIMICROBIAL ACTIVITY
- | RECONSTITUTED PLANT MATERIAL AND ITS
] oz |7l D J i
1020167030 | A5, 438 oA ol W13, #8 | sE FOR PACKAGING, WRAPPING AND | 2015.03.27
g8 FOOD APPLIANCES
1020017005 | gjef ol 22 Offshore Caisson 1999.09.30
i oo] Lo, oleh alal MARINOMONAS EF1 AND RHODOCOCCUS
e ol ﬂﬂﬁgﬁﬂ, ﬁ}%ﬁﬁ PRS2 5ET FOR THE PRODUCTION OF SECONDARY | 2020.07.28
w7 METABOLITES
O I3 7z ]
1020%138390031 TO] PSS ek A B B Antifreeze protein with mutation and its use |2013.03.26
1020090045 | wycp .z sy 4 2wy | DALLAST TANK FGATING APPARATUS AND! 55 5
NEW COSMETIC, PERSONAL CARE,
_ CLEANING AGENT, ANDNUTRITIONAL
15y U w0 :
1020027012 | oo i Ak B, B SUPPLEMENT COMPOSITIONS 0010397
682 |1 Liop e C e % 9% COMPRISINGBIOACTIVE GLASS AND 03.
HE A METHODS OF MAKING AND USING
THESAME
1020080084 | rrym e 4 Lifesaving Boat Apparatus 2008.08.28

SEUXL

Processes for removing salts and other soluble substances from
02921444 sea water (MISHE-R BE|o] 917} T} == 248 2 A5l <) 74) 02921444 1956.10.12
POWERPLANTS AND WATER SUP Y S S M THEREFOR WITHIN
Method and apparatus for de—icing submaring snorkels (submaring
03139054 PPN £ N R S 1 PY PR B M R RS R 03139054 1960.10.19
03267416 | Ice profiling sonar system (¥-& Z2HAw 5 23} 8] A|~H]) | 03267416 1964.02.25
APPARATUS FOR BREAKING A LAYER OF ICE ON A BODY OF
03572273 | WATER BY REPETITIVE COMBUSTIVE EXPLOSIONS (RFEA A4 | 03572273 1969.08.06
Zuz o ool dgel 58 ] AR H)
03370432 | Ice protective sleeve for pilings (27|15 93t lce S &£T]H) 03370432 1965.08.03
RE028332 | No english title RE028332 1973.10.25
03563041 | OFF—SHORE SHIP MOORING INSTALLATION (9] Auk AXZ X)) | 03563041 | 1969.03.14
03520358 | SUBSEA PRODUCTION SYSTEM (&4 A4k A]~el) 03520358 | 1967.06.29
01541820 g%%hi;l]eﬁ]f)or working uppers over lasts (lasts 99| Z5sh= H5ES 01541820 1920.06.24
03391734 | Subsea production satellite (3142 A4F 9A) 03391734 1966.01.19
03401746 | Subsea production satellite system (349 A2k 94 A]2~H) 03401746 1965.12.10
: 7 W B
03122720 I]ar}\gg]t)range and material analyzer system (53% 919 A 2471 | 15190790 | 1961.06.02
— H
RE027745 | No english title RE027745 1971.04.09
03552903 | SUBSEA PRODUCTION SATELLITE (&§#1¢] Aat 9140) 03552903 | 1968.06.28
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03502046 METHOD OF TRANSPORTING AND STORING LARGE QUANTITIES

OF WATER (B& ofol & $ulsha A5t ) 0350204 | 1968006

03469627 | SUBSEA PRODUCTION SYSTEM (&4 AJ4F A|2~El) 03469627 1967.06.29

03454083 FAIL—SAFE SUBSEA FLUID TRANSPORTATION SYSTEM (°]&

FRA A fAl = A=) 03454083 | 1967.06.29

01903074 | Meter (A7) 01903074 | 1929.04.06
02738655 | No english title 02738655

Means for maintaining perma—frost foundations (%7 TEZ
03217791 ogolas 4x57] sk 2ok el o==o 03217791 1964.07.30
02859457 | Life rafts (7" dll%) 02859457 1955.07.05
03262364 | Periscope (F47) 03262364 1961.05.04
03444570 | WET-DRY SURVIVAL SUIT (54 A& 7E) 03444570 1966.04.18

Temperature controlled electrically heated window and window
02866881 W]iper]iystem (2% A7]4 o= 71 Amg- Aloj=ar A=S- ofols | 02866881 1955.12.19
A28l

01369260 —l\éz;ﬁné\fr;g%reﬂ]()—;fé ;Jellows—tongue overshoes (bellows—tongue 01369260 1919.04.14

01501053 Machine for shaping uppers over lasts (lasts 9] 4o]3d A= 93l 01501053 1919.06.13

714D

Oil burner system comprising a vaporizing block (vaporizing 52
02447373 | Gorspie o8] wloj] Aely e POTIZAING =77 | 02447373 | 1944.05.27

02852593 | Electrolytic battery assembly (X132 wje]g] o] Ea]) 02852593 1955.05.13

: — S e
02662043 gggg;}aggi;ggﬂgggge& including panels (H2E | joeo04s | 1051.05.08

02630300 ICE WORTHY JACK—UP DRILLING UNIT WITH GAS AGITATED ICE

PREVENTION (7} o718 88 72l ICE S5 2] 203 ) | 117798995 1 02630300

PIPELINE BURIAL IN OFFSHORE AND ARCTIC OFFSHORE

SE~Y]
02192260 5{% ]I;I}SljigI;INECT AND SUPPORT MECHANISM (ZFolA BIHET} | 10100005 0 | 09192960

02527880 I;ie%li)nation Compensation for Seismic Surveys (A7 ZAE Y3t Hzt 191688329 | 02527330

02517570 %jtﬁhoijgnd%%%j Sﬁg‘;ﬁfgﬁ%ﬁgﬁﬁ%Ofa%sé)sem“hemals 12172547.7 | 02517570

METHOD OF PRODUCING A SOLID METAL CARBONATE HYDRATE
04276070 (3] 24 FRUo|E FralEe Akl ) 23170489.1 | 04276070

CONTINUOUS VERTICAL TUBULAR HANDLING AND HOISTING
03645380 | BOYANT STRUCTURE (#4741 474] 71 bt 20 3opy ) | 188241074 1 03645380

METHOD AND APPARATUS FOR CONTROLLING ELECTRICAL

02947970 | POWER USAGE BASED ON EXACT SUN ELEVATION ANGLE AND
MEASURED GEOGRAPHICAL LOCATION (A28} ejo a1zt =4

21841 HAE ZAR o Y AR WAl sk Wy X))

15168312.5 | 02947970

)8
03415710 EE]HQOE;%KO\?/%AXEEG%NEE%;Q%QE%%I)G AN EXPLOSIVE PELLET (372 | 141900640 | 03415710

APPARATUSES AND METHODS FOR GENERATING SHOCK WAVES
02984280 | FOR USE IN THE ENERGY INDUSTRY (elUA] Fdl ARRE+= 14782283.7 | 02984280
23395 A7 A ]9k W)
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Glucanases, nucleic acids encoding them and methods for making

02404930 | and using them (7P|, 152 W ol&aly] A3 153} 11176109.4 | 02404930
HPHS: o} 3kl= At
ALDOLASES, NUCLEIC ACIDS ENCODING THEM AND METHODS

03153580 | FOR MAKING AND USING THEM (&E2folAl, 158 vHaal o]83k7] | 161997515 | 03153580
A3 a5 WS dEskshs S
Transferases and oxidoreductases, nucleic acids encoding them and

02865750 | methods for making and using them (E#:Ad|2tAe} Ak} 3+ a4 | 14194469.4 | 02865750
IE5E WEL o gsly] 8 a5 WS daslsle dah

02412020 | SLIP CHIP DEVICE AND METHODS (£8 & Ax|¢} vh) 10756714.1 | 02412020
GLUCANASES, NUCLEIC ACIDS ENCODING THEM AND METHODS

01641910 | FOR MAKING AND USING THEM (57FA|, 155 vHaal o857 | 04777548.1 | 01641910
A3 25 WS dEskshs S
Xylanases, nucleic acids encoding them and methods for making

02305820 | and using them (Rfo]gdlo]%, 158 wk=a1 o] 8a}7] 9J8t 153 HPHS | 10179307.3 | 02305820
skl @sh
METHODS FOR RECOVERING WASTE ENERGY FROM BLEED AIR

03036160 | pyCTs (Zel= ool HEztel o ouAE Bitsh] ofgh w) | 147414528 ) 03036160
Cellulolytic enzymes, nucleic acids encoding them and methods for

02444490 | making and using them (A4 w39 &4, TS "HEal o] 8sl7] | 11007478.8 | 02444490
A3 253 WS 4Eslshs S
Arabinofuranosidase enzymes, nucleic acids encoding them and

02420570 | methods for making and using them (O}EfR| = FefieAldlo]= G4 | 11007477.0 | 02420570
5L WHEaL o] &3] Y3 15y WS dsdlels dah)

22112686 . 20307959 | 22112686
2010112686 | 'o-=1% BACE ISLAND MANUFACTURING EQUIPMENT 2008307959 | 2010112686
17282361 o ALE xh 14383071 | 17282361
2005282361 | © -} = GAPOWER PRODUCING DEVICE 2002383071 | 2005282361
17291782 | SARe| )3+ 554 HPAICE THICKNESS ESTIMATION METHOD BY | 16103987 17291782
2005291782 | SAR 2004103987 | 2005291782
17265733 | SAR| 2|3 ®]e=A HIAICE THICKNESS ESTIMATION METHOD BY | 16081712 | 17265733
2005265733 | SAR 2004081712 | 2005265733

PAYTZA W (measuring method), 9AES A% 54 W, 94
%Xé Srfﬂmqte qS(ounding) R, %A; Ho{ =4 X, 9A9S A 54 A
2 94 SA(remote sounding) AIREMOTE ICE THICKNESS
a2, | MEASURING METHOD, REMOTE ICE HARDNESS MEASURING | 45253285, - | 28113816,
METHOD, REMOTE MEASURING METHOD, REMOTE ICE
THICKNESS MEASURING DEVICE, REMOTE ICE HARDNESS
MEASURING DEVICE, AND REMOTE MEASURING BODY
16348265 | METHOD, PROGRAM AND APPARATUS FOR PERFORMING 15142392 | 16348265
2004348265 | SIMULATION OF VARIATION IN OIL 2003142392 | 2004348265
16500404 | A= DA fElE g At sFgsE, 1 Alo], AlAl 2 9YES 2= | 13570224 16500404
2004500404 | % Az whH 9 1 ARl 2001570224 | 2004500404
21543634 | 7] A7) YA (electric energy)E F=3}7] Y8t A= MK power | 21518422 21543534
2009543534 | conversion)?]null 2009518422 | 2009543534
o1 7)o] AAREA's oS W 9 AN A oS X2 T9ACTUAL
07308480 270 70g Tt o H 31064402 | 32165341
1095308480 | LIME PERFORMANCE PREDICT METHOD AND ACTUAL TIVE | 5074064402 | 2020165341

PERFORMANCE PREDICT PROGRAM OF COMBUSTION ENGINE

| www.kopri.re.kr



Korea Polar Research Institute

34 TEFE B

= =2(Antarctic sea ice) oY 28 E46i

=L + SHRIEH + scienceON g  HEIVIG IP-NAVI H2217| B
FEFME, 14 | vOf= § r=5, 9B5, 864 | * ke -

PEIRHOL: 0 rRE 0w 1,001 | ¥ -

boAEIE; e Q| waEH] 986,905 | *TH!: -

= E | A Eap 986,343
o = Edl

Ice—hinding protein gene derived from

o ) 0] O_A3) chillz]
1020080 Q%Q%ﬁlﬂ%?ﬁg; iif@%?gai Chaetoceros neogracile, recombinant vector 9008.06.25
060392 :L':@rx’az};%@w%uu B tc)omlk)lrlsmg the gene, and protein encoded e
QY = v 1= y t e gene
1020070 | AWHIAEZS: AAeh= slep|us < =24] | Antarctic microalgae Pyramimonas genus 92007.11.02
111279 | PINZR producing antifreezing molecules L
10%2105086&-? AL TEAtold & ) nARE ﬁritia_rfcrtézzrirrlligroalgae Porosira genus for 92006.01.06
1006260‘%70 2SS AL 2 ) TR ?lz)rrltaarftcigzerzr?%oalgae Fragilariopsis genus 2004.08.24
= Fella) < . _
e ﬁi}iig]a%gfmambademm) ASB3=3 Flavobacterium sp. ASB3—3, EPS produced
IR P . from the ASB3—3, and method for
A AL A A= : d o .09.
115889 éi olg] A(E}Z%}a}%] tﬁ%ﬁ%‘fogij?@n QE%E};%Z production of the EPS and composition of 2016.09.08
R cryoprotectant
= = Composition of Heavy—Metal Adsorbing
0090 | <7 =¥} =)
10(2)25600 TF%L%?%;T; f{éﬂi ,\él\/[%w TR Exobiopolymer from Pseudomonas 2009.01.22
e R = fluorescens BM07
Lactobacillus salivarius DJ—sa—01 strain and
2k ] I o —an— =
100.?00814850 %%ﬂéﬂaﬁgﬂga@_"%g% 5 ASI%LT composition for immune enhancement 2018.01.03
7 olE R e - comprising the same
1020200 E/_?éf‘ﬂolmﬂ oP—EAa}E]%M o X]x]H:H:‘/\ . . .

090444 2h SE T T 34~ | Lipase from Croceibacter atlanticus 2020.07.21
110129(3&.;? Azl ol Skl R el A A& | Lipase from Croceibacter atlanticus 2018.10.08
= = - = =1=1w | Diatom specific primers, PCR amplification

E 3] AvA 2 I3)
1020100 %ﬁg B ;]chﬂR_Zﬂglﬁé OlLEO]E%]?]QT‘%’ kit for detecting the diatom comprising the | 910 7 12
066823 ﬁ;gr % %C’ py e = 1o | same and method for detecting the diatom e
- using the same
1020227 | 27} eeRkEel ke 91k vkt SR LS O 00,0728
007320 | EF1 % =17l EFL SECONDARY METABOLITES o
Qo TEE= AnmE AR
10(:)321 _]?gi;l}q 28 ke AW T R Antifreeze protein with mutation and its use | 2013.03.26
1(%22%0&7 Edyzd 2AE Triterpene compositions 1999.05.19
1020037 - Jo S NE Inhibition of NF—«kB by triterpene
006732 EgH 23 AL 93 NF+«B2 compositions 2001.11.19
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Processes for removing salts and other soluble substances
from sea water (RS2 FE9 943} the 5= 224S AA

% 239)

02921444

sux

1956.10.12

03122720

Target range and material analyzer system (53 HY9 A=
A7) Aj2-H)

03122720

1961.06.02

03502046

METHOD OF TRANSPORTING AND STORING LARGE
QUANTITIES OF WATER (& oke] -5 4kslar Ash= W)

03502046

1968.05.06

03444570

WET-DRY SURVIVAL SUIT (5571 A& #+E)

03444570

1966.04.18

02866881

Temperature controlled electrically heated window and window
w]iper ]sgfstem (L% A7H o= 71 AT Alojx]a ArS- ool
A28l

02866881

1955.12.19

04276070

METHOD OF PRODUCING A SOLID METAL CARBONATE
HYDRATE (34 w4 7HHU|o|E $8}5-5 Aiksh= W)

23170489.1

04276070

02947970

METHOD AND APPARATUS FOR CONTROLLING ELECTRICAL
POWER USAGE BASED ON EXACT SUN ELEVATION ANGLE
AND MEASURED GEOGRAPHICAL LOCATION (%423 ej%¥
=7t} SAE AAQ AAE TAR o A AR-S Alsl] $let
A A

15168312.5

02947970

02684960

Expression vector for a secretion and detection system (4|9}
HEAS A% 2 W)

12005108.1

02684960

02194140

Process for the production of fine chemicals (B 3}&t &2 9
AES Qs 71A4)

09156777.6

02194140

02756090

PRODUCTION OF ODD CHAIN FATTY ACID DERIVATIVES IN
RECOMBINANT MICROBIAL CELLS (A3 wjA% Ao gl=
S0 A A AE Ao A

12709480.3

02756090

03119800

GLYCOPEPTIDE DERIVATIVES FOR THE PRESERVATION AND
PROTECTION ~ OF  BIOLOGICAL ~ MATERIALS  AND
MICROORGANISMS (ARE8F2] 2Aje} vlo] g2 9 AUES] Ha9}
B3E 93 Fe A= FA)

15711716.9

03119800

02141240

Plants that can tolerate herbicides by bypassing the metabolic
e (40 ot A folAftlo il A S 5
2AOe
ZYE

09167432.5

02141240

02179660

Process for the heterotrophic production of microbial products
with high concentrations of omega—3 highly unsaturated fatty
acds (omega—39] IS 7IX1 nAlE RS SEHZEZY Abs
gt 2 k' AAES vzst A7t Yo

09177335.8

02179660

02160460

HYDROCARBON-PRODUCING GENES AND METHODS OF
THEIR USE (8hs}ra Az A9t 25 AR W)

08769538.3

02160460

01330530

Process to provide HPPD inhibitor herbicide tolerant plants
through bypassing HPPD metabolic pathway. (HPPD tiA} A2E
oA 71 2S- Eajo] HPPD SJAIA] AlZA]l U 2185 Al
{1k 34

01983651.9

01330530

17291782
2005291782

SAR)| ¢]&} H)$2=4 HFAICE THICKNESS ESTIMATION METHOD
BY SAR

16103987
2004103987

17291782
2005291782

17265733
2005265733

SARe] ¢)3 HJE4 HPAICE THICKNESS ESTIMATION METHOD
BY SAR

16081712
2004081712

17265733
2005265733

06504432
1994504432

LAYTSA ¥ (measuring method), AU 5= 54 ?
=4 (remote sounding) ", YANSSA X, 9ALS e A
A=) @ 94 ZA(remote sounding) AIREMOTE ICE THICKNESS
MEASURING METHOD, REMOTE ICE HARDNESS MEASURING
METHOD, REMOTE MEASURING METHOD, REMOTE ICE
THICKNESS MEASURING DEVICE, REMOTE ICE HARDNESS
MEASURING DEVICE, AND REMOTE MEASURING BODY

26254285
2014254285

28114516
2016114516

16517131
2004517131

Eg|e|2H(triterpene) =A=0] 2|$H NF=«B2| 2H|null

14555753
2002555753

16517131
2004517131

21541761
2009541761

328l (high resolution) NVR 3Rl w2 24234 5 84
J-AZ% (distributor shaft coupling)®] =Anull

21517062
2009517062

21541761
2009541761
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A3 TETE 24
14516679 | frefshAl 4% 574 Aol AARe £33 7= 1 catalogue) 3t 12552062 14516679

2002516679 | 34k glojre 2] 45 B ARgnull 2000552062 | 2002516679
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T ot Rl (buffer) <= 10~30 km (18~50km):
720 km X 50 km = 936,000 km? ~ 1002} km?

Bl
08

9 : 1,000,000 km?

A

[ 2oz
25km> 10km > 1km > 500m >
100m> 10m
3mon>1mon>1wk>3d>1d>
\ 12h>1h
2 eie)-SHE=E(HIEE E) =T Approx. Distance (km) -
Northern Sea Route (via Arctic) 14,200 km e
Ojo| X st E =it o= Approx. Distance (km) TS
Busan — Provideniya 4,260 km o PIchgIl + B (5|'| %‘, %é-\‘,
Provideniya — Pevek 1,445 km ota 5)
Pevek — Tiksi 2,890 km )
Tiksi — Khatanga 1,165 km
Khatanga — Dudinka 960 km
Dudinka— Dikson 650 km
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A54 A L AAVE B
O (HI) HFFR(NSR) Hed Ynrde &3 A

(FEEA) ==29°] =Edisty 15 &F/ANE(CHNL: Centre for High
North Logistics) “H&32 EFHILA('25.09€)"

25 6~8€ HAA 3=

—

N Ship_name Voy Ballast or Status IMO |LOA Flag owTt lce Class | Departure | Departure Armnval port Arrival
‘ Direction = Laden | = Date Port Country

1| Latur East Laden Finishing 9321706 | 275 | Comoros 158 881 | Unknown 07,0825 | Murmansk o

1| Lynx East Laden In NSR waters | 9412347 | 274 | Oman 156 630 | No fce Class | 280825 | Murmansk

1| Nevekiy Prospect East Laden Finighing 9256054 | 250 | Russia 114508 | lce 3 08.0825 | Murmansk

1 | Mirabe! East Laden Finishing 9511521 | 250 | Oman 113867 | lce 3 05.08.25 | Ust-luga -
1[pmaen 1 Bt |Lden |InNSRwates |9501533) 250|Lbena | 113860fke3 | 120825 [primosk | =

l IVladu'mr Monomalch i East | Laden | Finishing ._913421?5__ 250 | Russia [ 112960 | lce 3 [ EEWS | Ust-luga =

1| Kirill Lavrov East Laden Completed 0333682 | 257 | Russia 70000 | Arcé 130725 | Murmansk Ningba China

1 | Np Dikson | East | Laden Completed 19255270 | 170 | Russia 25049 ) Are 5 260625 | Kandalaksha | | Ty Russia

1| Ararat East Laden Completed | 9171187 | 157 | Russia 19787 [ Arcd 270625 | Arkhangelsk | Lavrentiy Russia

1| Prisma West Ballast In NSR waters | 9299678 | 274 | Cook Islands | 164 565 | lce 2 21.0825 |Busan

1| Antarktika West Ballast Started 9413559 | 249 | Russia 111107 | Iee 3 28,0825 | Nakhodka -

1| Mires. | West | Ballast | Started | 9200771 | 244 | Siemaleone | 106034 | Nolce Class | 280825 | Ningbo =

1 Cd:aa West Ballast Completed 7T | 157 Ru55|a 19996 | Arc3 0207.25 | Viadivostok Arkhangelsk Russia
13| |

25\ 6~8€ ®HIA 3IUE

N Ship_name Voy Ballast or Status IMO |LOA |  Flag DWT | lceClass | Deparure | Departure | Amivalport | Arrival
Direction 9 Laden . ] Date Port Country
1 |Deyboelene Bt lsden | InNSRwaters | 9314064 | 288 Ubena | 180310 [NokeCis | 250825 |Mumansk | lanshon | Chm
1|HonFa East Laden Completed 9248899 | 225 | Panama TATI0 | Nofee Class | 070725 | Ust-luga Huanghua China
1| Viketor Tsol East Laden Started 9600744 | 225 | Liberia 74559 |lce 3 270825 | Vysatsk Cacfeidian China
1| Grey Whale West Ballast Started 9438705 | 229 | Barbados 93143 | Nolce Class | 150825 | Hakampo Vysotsk Russia
1 | Viktor Teoi West Ballast Completed 9606744 | 225 | Liberia 74559 |lce 3 350725 | Nakhodka Vysotsk Russia
1| Egor Letav West Ballast Startad 9600732 | 225 | Liberia TA518 |lce 3 210825 | Busan -
1 Hong Xang West Ballast InNSRwaters | 9164615 | 225 |Panama | 73732 |NokeClass | 110825 |Shanghai |5t Petersburg |Russia
Uhoghm  [Wet Bt |Foheg 5160803 | 225 Porna | 73705{NokceCln | OADRS |Shangha | SuPeteshry [Rusia
Pl Wew Bt [Saed 9722|205 Params | 700 [unkoown | 22085 Zhenjang [Mumansk | Russ
1| Partia West | Ballast Started 9282980 | 225 | Panama 73024 |Nofce Class | 250825 | Busan e
10| |
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