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Summary for Policy-makers and Fishermen

9 Scientific and political issues for climate change in ocean and
fisheries

@® IPCC reported an rapid acceleration of global warming and projected the globally increasing
intensity and frequency of abnormal climate in their 6th assessment report. WMO said
global ocean warming, ocean acidification and sea-level rise, which are the key climate
factors related to oceans, broke a historical record in 2022¢1.1.)

® The national climate change adaptaion measures and master plan for net-zero and green
growth were established by relevant ministries. The Ministry of Oceans and Fisheries (MOF)
also established the climate change comprehensive plan in oceans and fisheries for the

preemptive response to climate change, such as the consolidation of response system in
fisheries(1.2.1)

® Fisheries GHG emissions, which were about 0.4% of the total national GHG emissions, and compared
to the lowest point in 2012, it have risen by 20%. The efficiency plans in fisheries as the way for the
reduction of GHG included the replacement of old fishing vessel and old engine(1.2.2)

£ Impacts, projections, and research results of climate change in fisheries

@ Over the past 55 years (1968-2022), the average Sea Surface Temperature(SST) in Korean
waters has risen by about 1.36C. It was about 2.5 times higher than the global average.
During the same period, the water temperature of surface layer in the East Sea increased
by 1.82T, the 100m water layer decreased by 1.13C, and the 500m water layer increased
by 0.07C. The difference between SST and temperature at the subsurface layer (100m) is
gradually increasing. It means that the stratification of water column is strengthened(2.1.1)

® Surface salinity shows a decreasing trend, and dissolved oxygen shows a clear decreasing
trend in the 500m layer of the East Sea. The surface concentration of nutrients,
chlorophyll-a, and primary productivity also exhibited a decreasing trend due to the strong
stratification in the water column ongoing with global warming(2.1.1)

® In 2022, a total of seven species of toxic jellyfish and four species of unrecorded jellyfish

appeared. Harmful algal bloom occurred in August and September, but no damage occurred
to fisheries(2.1.1)
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@ In response to the outbreak of ciguatera fish poisoning(CFP), LC-MS/MS method for
ciguatoxin was established. In 2020, ciguatoxin was not detected in all samples as a result
of monitoring subtropical fishes (14 species) of the coastal waters of Jeju Island(2.1.2)

® The number of days for the appearance of Ciguatera poison plankton was projected to
increase about 100 days by 2100 compared to present based on the predicted results of
future water temperature. The available period of swimming in beach will be also increased
about 30~60 days by 2100 compared to present by the ocean warming(2.1.2)

@® The trend of surface ocean acidification in Korea waters is decreasing at a similar level
of global ocean and offshore of Japan. According to the mesocosm experiments for the
impacts of ocean acidification to shellfish and crustacean, all experimental species have a
low rate of survival in low pH environments(2.1.3)

@® As a result of a sighting survey of whales in spring for 18 years (2003-2020), Common minke
whale (Balaenoptera acutorostrata) was not observed in the sea areas where strong cold
water zones, where were occurred the strong coastal upwelling, were strongly generated and
during periods of high seawater temperatures(2.1.3)

® Fishery production was about 920,000 tons in the 2020's, showing a steady decline. The
main fishing grounds for Common squid extended from the southern East Sea and the
Yamato Basin in the 1990s to the Yellow Sea and Russian waters since the 2010s. The
Yellowtail was mainly caught in the Korea Strait and around Jeju Island, but the catch rate
in the East Sea rapidly increased. The reasons for these seem to be the effect of the change
in seawater temperature(2.2.1)

® As a result of predicting future habitat changes of Common squid based on future
marine environment projection data, habitat area expected to increase in February-April
and decrease in May-January (especially in July-September, the habitat area decreases
significantly) in 2050. Therefore, seasonal changes in fishing are projected to change
significantly in the future(2.2.2)

® As a result of examining the impact of anchovy catches due to climate change, it seems
that the increase in water temperature and the decrease in the number of fishing vessel
affect the catches. As a result of continuous monitoring through a climate change response
study, young fish of bluefin tuna were first collected around Jeju Island in 2022(2.2.3)

@® It was confirmed that the area where sharks are found is gradually moving north. The
sharks were mainly collected in areas where warm currents flow, therefore it seems to be
related to the strength of warm currents and the movement/distribution of sharks(2.2.3)

15 HAZHR U 02013 Y3t 20

@ In the Pacific Ocean, which accommodates the largest portion of the Korean distant water
fisheries, the tuna fishing ground expanded easterly, showing an increase in catch, during
the El Nifo season, while, in the La Nifia season, reduced to the western part of the fishing
ground, affecting the decrease in catch(2.2.3)

@ Paralytic shellfish toxins have tended to occur at an earlier time, and the period exceeding
the regulatory limit for the toxins has been also extended. Furthermore, the occurrence
frequency (a total of 26 appearances) and area of the blue-lined octopus, which is
subtropical venomous mollusk, has been extended since 2012¢2.3.1)

® In order to reduce the mass mortality by marine heatwaves in summer, NIFS carries out
the development of new species (of abalone) and aquaculture technologies to respond to
climate change such as research on aquaculture technology of hybrid groupers to cope
with high water temperature, selective breeding, and genetic breeding. The new species of
seaweeds, which were well known as one of the highly vulnerable species, were developed

for the expansion of productive period by selective and cross breeding(2.3.2)

@ Fish diseases caused by myxosporean parasites, which have life-cycles related to water
temperature, are increasing, and we have developed a diagnostic method for simultaneous
detection for several species of myxosporean parasites. In addition, to reduce the mortality
of farmed fish caused by these parasites, we plan to develop early diagnosis, infection
prevention and treatment technologies(2.3.2)

O [Special issue]Abnormal climate and fisheries disasters

@® Globally, marine heatwaves increased about 2 times for occurrence days, 0.15C for
maximum intensity, 66% for spatial ranges in the late 2010's compared to the early 1980's.
The projected occurrence frequency of marine heatwaves will be increase about 2~15 times
in the late of 21st century compared to present. Marine heatwaves cause the mass mortality
of coral reef, kelp, fish and sea birds. It also impacts the changes in the abundance and
distribution of fisheries organisms(3.1.1)

@ Marine cold-spells has a globally decreasing trend by the ocean warming related to climate
change. However, the regional gaps of marine cold-spells are very large. According to the
analysis on global long-term water temperature data, marine heatwaves increased about
8.4 days per decade, but marine cold-spells decreased about 9.4 days per decade in global
oceans(3.1.1)
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@® In recent years, the damage by typhoon had increased in Korea, Japan and East China Sea,
whereas the damage by typhoon in Philippine and South China sea had decreased. The
increasing ocean areas for the occurrence frequency of tropical cyclone are East Asia, low-
latitude area of Atlantic, Indian Ocean, and Arabian Sea. The maximum intensity location
of tropical cyclone is gradually moving to poleward(3.1.1)

® The mean intensity of tropical cyclone will be strengthened in the future with high
confidence, whereas the occurrence frequency will have high uncertainty. It also projected
that the intensity of storm surges will be strengthened by long-term sea level rise. If the
wind speed of tropical cyclone increases 10%, the economical damage will be projected to
increase about 30~40%(3.1.1)

@® In Korean waters, the seasonal patterns of Sea Surface Temperature(SST) were dramatically
changed since the late of 2000's. The increasing trend of SST was clearly strengthened
in summer and was slightly weakened in winter from the period. The reasons for the
occurrence of marine heatwaves in summer are estimated to be the increasing of intensity
and duration of heatwaves, the intensified Tsushima Warm Current, and the weakened
vertical mixing by the reduction of typhoon pass(3.1.2)

® Recently, the heatwave days distinctively increased and the intensity of Tsushima Warm
Current in summer was continuously maintained at a high level in recent. The direct
impacts of typhoon pass was disappeared during the summer of strong marine heatwaves
year(3.1.2)

® The intensity of Siberian High was inversely strengthened in recent winter. The significant
decreasing trend of East Asian Winter Monsoon was clearly weakened since the late of
2000's. The mean wind speeds in winter were inversely intensified and the coldwave days
were also inversely increased from 2000's. These phenomena should make a favourable
condition for the marine cold-spells in Korea(3.1.2)

@® In the past 12 years, the amount of economic damage caused by natural disasters was about
238.1 billion Won with marine heatwaves accounting for 53% of the total damage followed
by Harmful Algal Blooms (21%) and low water temperature (11%)(3.2.1)

@® NIFS operates a real-time water temperature observation network at 180 coastal locations
nationwide and provides the data to users, including fishermen, through its website and
mobile application. In order to predict the occurrence of abnormal water temperatures in
advance, a high-resolution prediction system based on a numerical model with a spatial
resolution of 300 to 500m is operated, and the system produces prediction results for 7 days
at 1-hour intervals every day(3.3.1)
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@® The Ministry of Oceans and Fisheries (MOF) and NIFS have prepared and operated special
warning standards for abnormal water temperature since 2017, established comprehensive
countermeasures for high water temperature in summer and low water temperature in
winter each year, and provide fishermen with management tips for each aquaculture
method by season(3.3.2)

@ In order to prevent damage from abnormal water temperature, which is expected to
increase due to climate change, the real-time water temperature observation network will
be increased to 200 locations by 2025, and an optimized abnormal water temperature
prediction system will be developed and operated. Through the revision of disaster
management practice manual in 2023, sea areas with major abnormal water temperatures
were divided into 37 sections, which will be used for issuing warnings(3.3.3)

® In order to reduce the mass mortality by marine heatwaves in summer, NIFS carries out the
development of new species and aquaculture technologies to respond to climate change.
NIFS also plans to expand the research on preventive aquaculture that can actively cope
with rapidly changing environments and disease outbreaks(3.3.3)
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U2 olfrLk20F 71 B} Atet 3 M Ol

D 1-1. 20| 7|Sst 25 2 A 0%

® 7]15Hsto] sk HE7F A (Intergovernmental Panel on Climate Change, IPCC)+= 20229
297} 490f| 247} 7)1 5 WS A8 U Asto] Tt H7EE 1A (Assessment Report, AR), 20234 3€9]
THEIAE 52, 63

® IPCC EFHEIAME s} Agko] B w24 AP 9lom, AR5A Hugt A A+ A&
zk H@P: At Cﬁﬁtg 03 0.85C A5ollAl, HT ARGAIA= ¢F 1.1T 508 & Z07 ZI1e193S
Ao, T3 2dete] F243% 7H435to] e S9t 8 I ' 9 WE9] 57k @A A A
HAE 371] Loy Zi?}% Hska J2(IPCC, 2023).

o

© ET IPCCONAE G HTH7t A AFFY] A9l Ao Y32 wjA 2 glom, nld A g
O AOLo|A I Eo @ Zhasts HiY I £ 119% Fjoo|AL 2718 Ao 2 d=3h ogukat
£ 2T SAE fA2 oS 2do] EGAA 9 AGA HA Fof whet w2 A9 dl&o] IEA T
10~15% W9 Za7F A1 Qa(TE 1-1)(IPCC, 2023).
Ole bk
Z|CH A Of2te Hgt
%)
0.9-2.0C 34-5.2C
J1-1.1.5TE) ¥ 3~4T(R) 012 23 Foof| M2 © X7 2|0 27 012)2 #3} 015 28 [ © IPCC(2023)]

© 20224 119 W2 #1274} 71518} FA: %3] (Conference of the Parties, COP)lA= 7 eAl=tof tigh
7158} HoPdE A st &4 B WSS Faskel] figt 715 vl B oA EE Se=o] Fo5kA
o, FFEEF=] et 715 st 23 71e 0] Ao $8% 9TE T A 2= WkE(UNFCCC, 2023).

r»

‘ 21 ‘ H1E. =Uel olAH=0F 7|2 Hat 1St 5 FA Ol ‘
ACT Fish 2023

@ AA 7147174 World Meteorological Organization, WMO)ol|A= A AL 7|33} 7o HAX HERHL2E,
7] 5 oliiseta B, Wl AN oA, s}, sigAMds] s ds)ell thet Hid Aol EE
AEE AL AZ. 20229 590l T3 70 HHA RS BF T, P2}, fFAAEL s
7] 5 oibsheta e 1 7182 4SS, ol 715HS AR 5, st TElE A #So] HRE
L8 Z716kL Qe AIARSEIL YH(WMO, 2022).

¢

A,

rl

© v 3t 7] 3 (National Oceanic and Atmospheric Administration, NOAA)O| A= A AlA 9] L3}
BEE 3}0}3}7] 9ot AYEEFY B FHHA E2E AN U A AlA ¥ Y 25t
+43] AP Q27 I 2ut Y Y HE 20229 H| WA 2 $ES Ho|1 QIS Elgt

T T 1-2(NOAA, 2023).

J8 1-2. 20224 © X7 oY G822 HMAK1981~2010F tiH)) 22L& [EX : NOAA(2023)]

® "= 374 H 3 (Environmental Protection Agency, EPA) 20214 1|=9] 7|33} FoF4 719}
A-35 23t 7158} Gl tigt JEY FE Yot 71T AE P A (Climate Adaptation
Action Plan)"°] #5533, 2023~2026 A Agol= 7|FRe}o] t-goto], A7t} A g EH

P& A8l AlFs] FsloF T FAeHE Ao AE

© 719 71508 48 BF AYel 7 SeEE Ao AN s AL 7|Fus gl A% L Wt
of et £ YA v ATHe WY, B3] 453, ofdlo] € WS, $491% 50 AR £
7155 Hopgol e Slom, 3eka e vle) /15t 482 Astel 7V HHH A% o
Ve SO Badst BEE AN . °f EE $AH170)
1s 9 AAEA Aoz J1FHet Hopo)
ok & A0 B,

A

' 39
i
rlo
=)
1
1o
N
o
rE
ot
a2
olo
1
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N
N

D 1-2. 20 7ismst aiet o g of

1-2-1. 3 2 3419 7155 ¢ et @ 4 o)+

© ST M E 2022 9 “AH|4A} 71519 OIS S| FATE AR (2022~2020)"& LRI
47 A2 B2 sgeat gasE Hags 71597 W“lEﬂﬂﬂ |2 2A7RA A 9 A xH6
3ol o] wolA UHTH 1-3). FA-E IA DA HiE A, @271 &5 H A, @7
S AAA dE, @715-917] BE oY FEZ 47p] deoz 5] (@ Feat, 2022).

Ulo

—_—

© 71T/ A g Mo A% Heo R SaQlo] /13:9)7] theAA Bt 7 SYEol 71597]
QY B4 L A A, 241 71597 A 7% AN, 71597 A8 Mg 9% 4l A9
59 24 B3 4L,

5917] g o] Sxio] A% o2 “Blole) 713l Bl 7] s B0 Etlo] sh%
5} olzel) A 43, E A9 SIS $47) Alkel e A5 34 B} 44,

oA A37 27} 71T st 4T A(2021~2025)014 1= o] Tl chgahe At-A e
A ek Aseks 7|58 A9 BEE A3R 7 715907] 4ohR(2023~2025)' &

7] Slstel 20224 Shl7|RE HEES Ssle], 20239 6% HEFL.

© A3% 7} 715:97) ASRANA L ol47130] MES} A= Fho] mE S4H10) AT ek 9
WAV GOt 22U 715 V1S T AZE 71997 B2 31, )2 o B A2e

A5 FAAZo] $YD A,

© FAFASAYIAALINAE 20234 49 AR 7 FAZD SN 7 AT S 45 SET,
B AYe B4R B 49 WA AT 2050 B43Y Alsl29) ojgolzh 27} WA
4R e AT} 2030 LAZKA FEBE 44, oS AR 9 A2 % ol 43}

499 AN G 13059, 2023). B ALOIHE 2050 HASFHUT 2030 LUA 35

25 242 918 109 $2, 3770 FABAZ AAHGAT, 44 FRIAE LPG Sl B o] 1) A,

SR Aoa AVHESLS B9 A% S70] 28 4] AER AXY

© B4 FTUAATY FU0 2 HAFY/|RY A3720 97 71 FH} 2 R2Y E 2ARA
= 2

@
N
3 i
N
ol

r
o

Hz

@

> ol

r olo o
b,

[e)

ol

3oz 202249 99 713971 AT YA F FAEALH, FAE A4St
HI RS S 714 5 Y AT, A w2 3AL THAHY, EAAS AT, siFRAR
107 7]3o] ofot (@ +, 2022).
© 713971 39T FYAl= 713Hst 43 A o7 |ut 33}, ERAA L f@r A& N, 9T
B7te A, 2of 1t e AE- 9B 4 FEAT+A-5HY Y S Hoto] A4 §
FAG Ao, ‘17t 7]1597] 4 "9 %ﬁio}% 718 7 1 9 HE
& S1E ot U

o]o

ox,

b o
b ©

ol

ol

[

P

n}m

1) Si0[=2|= Ot : 2A7EA BHE iz SOl St MEtA-REA 01 =S SHOZ 5t T | Rl04X] S2i9f ofd

‘ 23 ‘ H1E. U siLH20F 7|23t 215t 5l A )¢y
ACT Fish 2023

03 1-3. YA HAT SHYAMEE 7]

st S S2H 21(2022~2026)(&) H E=9 M1X HASH SMEY 7[2A 2
(2023~2042)9] E

SHAHIE [EX  siYedR(2022), B=21(2023)]

© AR AL 20234 42 PP 71385 ARE 2352 AFsto] TAAAL. HPeA
TS AEFS 42 4502 AT AL U BE W9, HATE A7) ek, AAZ et Faete,
A4 B00] /15t $0.2 HASAGON, ol 6o £ 58, FAREEL AL £ 132,
H2Ft 292 5 550 AFHAS

© SFARROI AL 20234 193} 39 2304 S| st e 9% A ERAS AHsHGON,
T SHPATE B 7| % oo So| Helahs ‘| F B0 s g AL,

1-2-2. S4FR0F SAZL2 BjETF A1

lo

© =Yg A e Sejubel Se4F Boko] 202249 7|& 2AVFA AAHuE? 24 2795
tonC02eq(20204¥ 7|5 =7} 2A7FA WiE3F 1 6215622%HonCO2eq)E '3}7} i/“7}3: v tju
oF 0.4% 4. ofAolH9] 247IA HiE YL [PCC il W2W A4 4% 5 olF A4 HiER
7Pot Ald F7, A8 TF R QA SR whet e SlE.

p

—

© 2005978 20209704 ¢Ejuet dsfofde] 47t MEFE 231THonCO2eqolI A 3007
tonCO2eq -2 KoL 9lon, 2012 A4 thH] 20% 53132

2) =7+ 2A7tA QMIER] 1 2019 284.82HE, 20201 300THE(SAISH)
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ompssey 1-2-3. 1971 F83 FFHH AR el BE 1

© A2 BT FEIE AIALL AT B AS7R5HS AEt] vl Ak Selsk 2ALY
B e AT A HHIAS R B 7R o] 2082 ol gAY B SIS} 2
A4 29 59 AAH-GAH BH det FFFS A Lefetel 44715 o] gL A
foF 3.

© 1% o8 7BL Aol T WA BERY BAGFHMAEY WER, AYOE AT % BHTH
A ok 2ske] 9fsto] iAo 2AS] B AR S LYt 9.

oy meene  mEo © 59 shSe TG 718 ST I3 529 A A sl gt g HgTAd
Aol 2] AEA 02 FENIT 12 E, $AM0E FHE Y Pi-$H A AFCR FH4H
22 1-4. K|t 16497H2005~2020) 2|LI2} ATFH0IY SATIA S BE X0| ARG 717 B &7 olFo = A JAZ B3 Al&sto] THEA 9] w90l 75T
© 14 2 SEG UA A FAANAE ARt = FH S GolA s AT} 5o
© o419 dEY ABY AFRo| WE 2AA WS BUEY AAH 1S 9o SM&9 0] ML U BFefo] o R|al ti7] 9] thE 2410 Wste] 3| 57152 AEiAlS FFE v S{lﬂ}% i
AT SAVIA WS Ao njeld g Ao E2 wsto] 3714 99108 AA Y. AHAkhtar et al.,, 2022)% W56 AEZ 45 fFolA 35 TALAY F2E0] AFAA

4
22 ERS fuste] 13 AT ALY 28 5o $44Q FFS A 4 Yok Hag A7

@ A Ao del Aold 2L wiET BUE Y SAEAE, 2ofoldel dt ® FEoid vl A3t Dorrell et al., 2022)7F 92

s 21 Bado] &2 A0k Uehon, Zood2 HPEE, Y, T £2& HEd. +F7
AR 71202 201893 HlHE I LAVIA HlEE Z/lERS D5 oA 2EIEEH38%). @ E3F IPCC(2019)0] w=H 2017900 Fofet oA BH 20] FHET 2~7C w2 I3 2
28AT(37%), HEEZ(31%)9] 202 JehdT, dIorelZo| Al AoMRsH10%). A9HAuH8%), diol Aty Bagh 5 f-2utet 8 oA AYsta e aidEE TG Ad AFgol
AQEHH2Y%) £ 07 LAV & 2l 2 Ho7 ura}g oj_ B8 AL 271 o]TL_ 715Hsls g T AYeA ] B71H 2R v Gl it oS- ADste g7 FHet JFBE ATt
ol Wzo] A3t we} 3tsf A Z715k Ao shte] YQlo g G321, g o5t wekE ) AJg Hoto & 34 F 7EA] HPHS A 2 4 9l
© AR Boko] 2A7FA A7E QoA oA o] F7]#a WA AR ARHS £o|7] Y5t © A HAR 71513} di3& 5] WS At ohef Aol oA A EA3 52 Ee Aoln
A3t 7o zo] Asto] WATH SARoH LAZIA 7HE AR o] 5 8e) TES Au] B3 9 T HAE dA RSt e T AR Ethe AoE BV WE2 SISt AL,
QAJIA B§29]0 8 LHEF 2 91O i1 5Het JF9 oS24 9 97k, A3t E 58 ZStolor T
® 19 T3 HEOAL ofd w3 7|T TA, =T old By A% © LNG, A7), 48 AA © © A oS WAEA Ad ARYT Zo] fYg7] %o JFE £ 5 U= 2ok AgT AHYE ST+
6]-0]1:]3]1: o]d o= o M3 So] m3HE, L3} o]Ao]e] Hoto] LATFA AL 93t &7 9] Hol Hol JFE7H AR S AL & o Sloy SAVEAE T WiEShe A S A A H 2
= AU A 7]%9] 7Tt ejora 38 W o2 AR BT So] 9L, A Aol Y71 HS} FFES Brteke HHE Y S22 A7 3ol 28
© 1EL AH) B HEO ofiojddo] 24L =1 AX) AAYEE APty Q= Aol Bas © FEF= 7177 ded A% GaTH -S54 712y A 2320715 E Dol LAt ofv]
A9 aests F7ote e A AANAGIERD, AHE HF)e AJstL 5. S|EHZ 71597 g A3 A=A o7 F SR 7| FHBGFFIE 20224 9¥ 22900 AlFste] 22
BRI f5 BUTE thAstol shrt G iEoln 2 Fasiol 848 A A, 24 At ditE AEAL] 3 715 st HE IS AHel B71ehL W
7FeE Akl B oHAE Eol7] #15) 4 A27] S vt A8 He AR = ol Tl 2 Gl © HiTto} 22 49 93 FH AP TE 4AH o] QUrk B o5 RS HEo
© s Fpae rtion S5k 5 AW ALF & Al A 42 5 RPN 4% RAdns FRA HFHTragedy of the Commons) o} 2'e) T2 7010 HHA
Frdle B s ‘: ‘é%’}—“f—(b ue carbon)ol 9,10 , o] Holol| i 229l B 5l glon], 7|5 uis) ol 7 Al ol F71 4ol A 2Rl SHoA S| T He} FFY7t A=) Bagol a7,
9]
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D 2-1. s 2 M

2-1-1. S|¥e7d 2 A 715983 IF

© eIt FANFRAL BEATE JHoR AWE HT 55687K1968~2022) T A
ABF F25L ASBL 0.025C/yr 2 oF 136T 453 v, 22 717 A AT B BEHL
ASES 0.00940 /yr 2 0.52C A5dlo], 8 Qzale] dne B242 4580l A AT Bl
|3 oF 2,58 o} BRHS(TH 2-1).

© Y BEHLL E9 1820, A8 1.19T, Ha 1.07C A4, £348 458 S A%
ORE, WA 1 WokS. BaolA AT OR o AL A5 Eo| ek 2l E4) Faoln
£ aalel Afolo] ZATHE 48 SHHol 4 B4 A3 EA 28 bt Qe ook
5] 47171 198045 o] F el | So weiE Aoz B,

H X U P2[LtE Bict HEFE B T2(1968-2022)

y = 0.0094x - 0.5126

y = 0.0248x - 32.527

1 —H A =2t
15 LA L B L L B B B L L LA S B B B B LN LIS B L R B N B LN B L B B

1968 1972 1976 1980 1984 1988 1992 1996 2000 2004 2008 2012 2016 2020

33 2-1. £2 55H7K1968~2022) © X7 ¥ &= oo (1

rd.l

BE42 A7 YT 78

© 53 $35(100m) 22 5547 1.13C 7404l A5(500m) 22 55471 0.07C S7F9-H1H 2-2).
%2 520] Ak ZoAlo} EIo] A7) A o5l Zgko] whE dAE3t oFsle} thufdi Al Zslo] wE
H39] 7] o8] TFEE o] F7150] Yooz wrhe,

FEOI'

3) 2 Of52 /420] S Y] 2ERIZ QoM SR0| BifiE SYC= AES0RIE 8.

‘ 29 ‘ A2E. 71=Hete] syt 3 YepH S
ACT Fish 2023

T8 2-2. 5[ 557K(1968~2022) S ATF F K 42(100m, 500m) KIS 28

© o) 43 745} 3¢ Anin7) Sistel B33} 33(100m $-3)9) S AT 5562 7] WE

A% AR 23}, T 5 Aol9] A WY 0.05C F71H AL ol S B3 T 452
A7 731 S-S AN (1 2-3).

T8 2-3. A/ 55H7H1968~2022) Soie EZ1t 100m £59 24t M7 |HE H

© 2 5547H1968~2022) T 319j9] At EEHEL -0.0055/yr 2 oF 0.30 ZhAdt ¥, ejg g AAa]o
Aot ESFE HIE2 -0.0009/yr (Durack & Wijtfels, 2010)2 Z2 7|72 3HAlsHd 0.05 A4AE
UEto], 2=t Aol AT ESHE 7HaEo] B HA Btoll Blsf < 6.55 =T 2-4).

&

© 22 77t &< B9 0.17 (0.0031/yr), A8l 0.42 (-0.0077/yr), Bl 0.34 (-0.0061/yr) ZAste, ESHE
Aas2 AL 7Hg w11 537t 7H ROt ole YA 2 5 SIS Pl 93 ol e
A, Eofol A w2 HadS Hole A0 ey,

113 2-4. 22 55A7H1968~2022) Bt= M oi(F) R HHE(?) YT BEHE F7| HS B
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© T 3217K1991~2022) -2z} ] dEd EF &S B
247} 5.48ml/L, 6.13mL/L, 5.50mL/LZ A7t 7 &35S Al H%XJW_% 0s oH@‘.Oﬂ Hl oH 23 ‘8“1’:
A7} oA S ohe AR Yo, Folet dolle e A Hol A (9H(TE 2-5).

@ SGEE 551 500 m, A3 50 m, Fol 75 m A 7S 08 AT B A T B et A sl A
o] F51H oM (R*=0.46), A5l Holle HTE HolA] k(T d 2-6). AF §&4AE B3 HT
53l 0.21mL/L, A3f= 0.31mL/L, g8l 0.72ml/L Z2H SH9kS.

[oZa

T2 2-5, &2 32171991 ~2022) Q2|Li2t sielE(s, A, Lal) AT
(& : HZ 2 : =46l 500 m, Ao 50 m, Eall 75 m).

SEt4 & T7| 9S 2

32:87K1991~2022) 2=t sl E30MA sfE JeaTRel 7| HeS dvEgton, A s 324
o

OFIr
B2 QA 0.2940.061M, ZAHE 4.0141.58uM, T4 6.33+1.02. M2 S H (¥ 2-06).

]

ol
< OIN'

F

© 25 MHH 7S L2 Sl HelvE oMl adte dde EA e, 20222 181d(1991~2020)

ot 2 s GeflA oF 0.064M R3k=.

18 2-6. 22 3247K(1991~2022) R2|Li2t H2aH2) i BE QMg BdE X ML A HE Fe

‘ 31 ‘ A2E. 71=Hetel syt 3 YepH S
ACT Fish 2023

© E3 Y P71HS HFL Sk o op ms}% AT Hol 1 Aghe thi F7H)

o 7
#oH, 202292 HA(1991~2020).ch A 3ol A oF 0.44M HkS.

Q_{o_lrl

rr

© T3 A0 A7]HE AT A ol ERG 5 AL Kol Agow], 202249 H(1991~2020)
5T} ShIolA] OF 0.3uM W3k,
© 20124 o] L2112} Q28] Chlorophyll-a 5= {4202 71451 A%E 29l E4] 20174 )% ot
129] o4 74 2A1S UER|T Qo 202240] A4S 1Yl B0 v Seliel e qigt ool QR
AOIEH TR sfodo)q ABIA0, B3] Hel 5, B Bt Slalolq Fate 1 A4S BA(1 27)

ol

Reseacl h area

2
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Eastsea

oy L L L L L L L L L L
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
‘West sea

oy L L L L L L L L L L
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
South sea

20—

oy L L L L L L L L L L
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

J3 2-7. 8 BEN=E 285t A2 22|L2t FH sHH9| Chlorophyll-a (2012~2022) A|- 37t HE

© 2018958 20223717 Lzt AZ9] 7|24 120 g Cm? y oW, S et A 7|24 L
A 139gCm?y", Hof 124 g Cm”y", S 150 g Cm” y', 55=3] 70 g Cm” y ' & FofollAl 718
(149 2-8).

0 2-8. A2 547H2018~2022) BYAATSIRONN BEF o TP o 7| EMM,
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© 37 B5(1980~201049H) 23 A3} 192 g Cm*y", Fo 311 g Cm? vy, 53] 241 g Cm ™y, 5573
174gCm?y'2 @A 2 547 A7t 2k 50~190 g Cm?y!

© 7149 71284 440] 38 12 BE 20 Aol wE S W 45 A9 #3-45 7t <8l
oFotelo] w2t di 2RE 35029 YAT £ FA7t F8 AI0R PZ4HH, ofe} ] F2
FHE Ve hE A0 T,

© =R 2880 2719 S HHE sk 4] 01 20194 ol HRkEEste] del-E a1
En7} UeE 92, RESETE 20164 ofF Z4SHL glot I sfel(ad, ZRelN 2 How

i S5k BFol e (CE 2-9).

#

77 2-9. 2 174972006~ 2022) = R2ARUEHTI(B), BELSHII(Q) EHE 5T,

©)
%
re
ri
ol
=2,
i
el

ol

],

rir
-m

8 =40k 11508, 202282 & 789 S/495fute] £d0](20214 109)

Hn%ﬂﬂ T2 EFdok= A7 7%(” S %AQh), 8L (F 3ol Bl A=
94 844 99107 24 20224 7| $¢Hs} 5ol whE ofeE f-d
njokg 913k ZANA 439 sl=2F70] #6}% 1)718%9] sfute}7} 1= AL
[o} ol el HEAQ 7|1 Hstel H o oloks i3t 2144 myE o] Y g
2-10).

0

*Q,

lo
fie
el
ofx
N
>
10,
r{o

)
el
N ok Ho g
9,
o

nol'

O, rlo
r—lo

S,
=o=(t,‘
o
in
N
i o,

i

o
o
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R il lg
o HU

(o]
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Pk
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]
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18 2-10. S| SAxE) X =L 017[2 HI2|45(R).

B 71 et 71395t 9 el She(Purcell, 2005). UF FL vgAAOE
7 g3o] £ AUk 2ANH B ), ol /1 FHtE BRI AN FFS
W2 SO B shote] RS BA7)3 ARH B Shefe) Lo ofat) 52 5712 4 9

CEER &

og &
i

n(o it

‘ 33 ‘ A2E. 71=Hetel syt 3 YepH S
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(Purcell, 2005). IPCCQ019)°llAt= sl d3te] JaFo= sfjufejet 722 Qe AYE2 7Pt ol g 2
FAQdo]| otdake WA AR Aol 913

© 20229 S UM A= %%H%MW T, AR A Gk FA P Foll A8 87
BIEQT A7 YolE0 2= 5Yof| AR Z5 Mesodinium rubrum} ©°F%% Noctiluca scintillans, 62|
AR R Heterosigma akashiwo, Q}JEL-H— Akashiwo sanguinea ©|Z. 59 oFgFZol| o3t AxEA
o]9lof= Fafigt s Foll At A7t HAE S

FZEYYE Cochlodinium polykrikoides?] AXEL At S ~7d FBA(8.26.~

UERt oW, 44t jof= AYoHA] IRk 20229 2L B39 AAFTFS B2 A7)

;

@
\O :lo
=O=ll“
ox
i
l"_Q

30)004 g
2 s} Qlo] A4=lol, B B W o]F AzuAo] ot AL ARs BRI 02 B4S BYL.
£3] 113 8% Uit 09 5~620] A4 Welele] JaFe Folonh, 4 55 AdY vito] A4
E4J02 918} 1F, o}l A] WA A7t ESl 0 2 SATE IR 7L,

2-1-2. S|¥e7d R A 715 A

® IPCC ARGO] A& 3=A13] 74 A7 Z(Shared Socio-economic Pathway, SSP) AlY=]Q 7|8t 6}
AL d AoH| W ZZAE(Coupled Model Intercomparison Project, CMIP6)2] 187} 7] & o]
e Aed AEE 53 B AR 24 1A 3097H1981~2010) 71T EEDE9 7154 v
sto] 109 B2t SSP 5-8.5 AlWE| 9] EF422 2021~2030¢9] 1T Wel, 2041~2050¢ 9] 2T
9], 2091~21009°] 5T W&l 20] A5dh= AOoZ Yeh 7|2 tji5k 7 Z(Representative
Concentration Pathway, RCP) 8.5 AU Q.9 AR A7t2 BEAE (1Y 2-11).

% 2-11. SSP 5-8.5 A|Lh2|2 7|8te] 22|Lt2t = 20301 (&), 2050E(F) &
2100E(R)9] ML HEZ4-2 HAt 0= 2HL(THY : ).
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© 71 HEE RCP 8.5 A2l 2. 7]1be] ufeh shopg A3 A58 70 ule) 415 obHIo] Hft 9 2%
NS YT Aol 512 GEA SAE A0 BAE 4350R 22 drfel ol sheje) A5
shelol A WAE, L 71 guste] GO Selte AT Aol Alotlet 9l SeyEo]

Ao, o A5l mek Edo] Fold AR oAE T 9E-

ORCP 85 o1l +-2412 5 AU A30] s 10m 539 2422 olgslel F2let Tl
F2 WA Q)= G54 Gambierdiscus australes®] A4 -2 B2 422 19.1~32.4C Hof| E0l+=
A% L& AXtolo] Alszt B2 E AwE(1E 2-12).

© AlFoEet Rl EFTEY M4 2 Rl S0l 2e Dae Al sidol 7P w3 210009714 Al
g9 A7t A&A o= Fofd &7 opEt |yt A qigko] A AlF 8 aE2 2Itte A
=0l o e 2Rl S, 210049714 530, Hal, Al Aol s =2 Mool Solee d47F a4
Ho}h 1009 W9l 57 }3}% S = LEhg, oo wet vje] 2 o s St Bt RS AlFLobE kR
IS AFEo 2 RE A2 o QA He Rl
©+7cHek 455 99 84 R 0160 U2 BT BT 89 7018 39 2
22 FYSIAOH, 202040 ATHEA REEACTI-BNE T83/0] A% it ok ol 1430
gt E‘%H% & AN 23} e A R0 AlFolEAl2 HEHA k= 2 —‘%ﬂ"}ﬁ} ARt A Alo}
g2t ¥?1 E3-E(Gambierdiscus australes)?] HAY 7157301 ool wht, Tt AlLolEAl BEEA

754 ﬂJL ofFoll diet A|&21Rl BUE RS B9t AA4 gl Zagh

© 1l St oM siE 7S 713t Sk GlS317] st RCP 8.5 Alue]L 7]Hke] mje & o=
g 28ot0d, 4 @ F 0] 20C oW 7I7te sk Ths A= st Al-g1tA s At 2,
2050874 5~30 °J, 2100714 30~60% oV s 7k A7 17F gold 2oz A,

i)
lzl

J7 2-12. RCP 8.5 A|L2|2 7|Hte| 22|Lt2t =8 2020E(Z}), 2050E(F) ¥ 2100E(2)2] 4 10m £28 7|ZC=2

Al TL0tE 2t & E-3E(Gambierdiscus australes)? MA 7ts 2289 U4 (HY - 2.
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18 2-13. RCP 8.5 AlLt2|Q 7[EHe] R2|Lt2} 2 2020H (&), 2050‘5( ) & 2100E(R)9 3145 7ks Al
(=2 20T 01 7IZ)0f CHSt O 2= (T« L)

|>|

2-1-3. s 2 A 715w 43 AT

© HYet A9 SfFAIS F e mhokS fiste] SEPATE A A= FUloA AZ o R A7) At
A3t RUEHE S Y. 201595 ZFF et @A oid 3~43] S-2juet A 9] EFOA
ASTHA] F40] 2%, oA EAERt 5 FAMISE 57] 8.4l tiste] A7k 837 A tiet A=
AF% AL S S A=

® 32 8d7H2015~2022) -t i #29) pHE 1 109 HYE 0.019 A= ZHAdHs A3k Hol
A AT ARG E2359 sFAHIs A3 109 &9 0.017~0.027 F4) E L& A9 sFiHAdst
A 109 &9 0.016~0.023 72)9F fARSE =52 BYUIPCC, 2019; JMA 2022) (2H 2-14).
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18 2-14. 2015~2022E70K| f2|Uet 2t iH'E BE pH HE 2. [EX : 2 gMaie]

© BT HPLLT AAEA] v SIS FFL BIS] Aetol AR T2 %
0 1S 502 AP B4 LaT 2, HUE, HEE, HLLEE iVl L

A2 02 SA Letd.

® IPCC(2019)0141 kol 2] 25t Ao mje) ArhA 47| E)e] Hwe} st 2ad Aow
A 98 Sk A9 S 0 e ) A9 E OIS ool 20024 98 A1LE
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SoIAE GoFd 37 Brlx HBEYLE Fo| GRFIN FEFL HaEOM,
21.6% 3791, BAAAE] AAHOZ 37K15.0~33.6 mg C m” h)FL AT,
AL BE S5t F 102 F7H4 JGo] 7R, 20m o1y} 2 HBEYAE viFo] ko
B4 49F 3712 ste] dstdold §EA7IHA 9 B3 F7PH ISR 22 TAT,

Atrtetel T AFAIE = St S 1R Fx0 FEE motel] fff HittoA] AJs

2t FolistH A _”iHE B FARARE SPota loH, A 18|%H2003~2020)

A EHGY) 0l FHAASHEY AFRA FH33E o] &3 JARAE F 103 49

T J_/\}OHOI‘-J BEFE 1oty Al NASA Aqua$l4de] Moderate Resolution Imaging
Spectrometer(MODIS)2] 542 Hlo|HE +7 o]-&35% <.

© Skl fREe] Pamge Ahg57 o5 7AYol & 36-38.5°N | goA .
SHARE, 2 11T A%kE5o] A W 2006‘401]_ AES G0l HauH = A
ore 3l 17C oAt 1Ll Ea YA E AL WA AW 201697 202080 WA T
Sofl At oA TEEA E9kA 4 1,000 mE %j% Zofoll A EAH(E 2-15).
© 719Ho] 2 o4 FotAoF E9] FgtE QI W) WA A W 4 &
39l 2 A5 BHE 7124 AR Qg HolFE9 A T3 Fofeh 1
gl diet AFE A&H 0w AT A,
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% 2-15. 2003HEE] 2020E7HK]| 83 Sof SAIZAME Soff U= Y3 17249| X[ QSN A=20f M2 siH 2L
[EX : Yamada & £(2022)]

’ 2-2. MK

2-2-1. $AAY 7] S W3k o 3F

® A3 o] JAYAFS 1980ETH(1980~1989) 151FHEO| A A|&A Q] ZHAFAE Hol1 glon, &
20209 tH(2020~2022)= B+t 92%HE F2A(TH 2-16).

I8 2-16. A6l FQ 01F9| A 012l Hat [EX : KOSIS(2023)]




‘ZOZS*A*HOF |SHe} S8 & g B1N ‘ 38 ‘

© A A3 2 A BA, 5o, 4ol 1980dHFE 20009 H= 57 4F, 2000
0% FAl= A FFE HAU(19809H 31.58HE, 1990¥H] 56.39HE, 20000 59.69H, 20101t 47.8
THE, 202049t 34.47HE). 19809 8 ARl HE HAR, Aol WHl= 41.97HE0] oj2lE
Ao, FAlE 5HE #EY. 19809 HE F(FHAF, Foi=, G #aet A doS(EA,

LSO, Ao Tl 2 43197H1980~2022) 7] of8lT ¥ % A4 AFe HEIL U=
E3, A7 SR oAFHAF, Aol g F2 3] Sk FAY.

wuTr

© 2 T3 HekE 2ol ofFe

2& A9 Ao|(Todarodes pacificus)@t Bol(Seriola quiquerdiata)7}
& AeAoj= 19909t ojgl=o

A= | =3k Al710l S8 el B dietE sjgolA of2lo] HF
A= 2 2 20108 H olF 0fF] o] W2 Al7]olls Aslet 2ol =% SoZ of Y EriH
Ao, G71HQ #245 FFeE FolAl AT 58 B 50m Fat 0] 19909
o] 2010@“’4101] 2~4C et F8 MARRTE QO o Fshe 5 olxol #AHH, F 24
AR F3 @ S FelA 2ol ofFgg 24 Sol AsHd. 2, Mje] B¢ 20159 H ofglFol
S7ksto] A7 £ ogleES FrAlskAL AR(H 2-17).

© A AQYLEA A5 BHFIE FELE Ao Flef o] ofF Aol 3lof, AAl 2ANA
71808 Ao A et BERAL 23, M3 270 ofFulg2 FojFF tin] 20159
15%% $7F, 22 50% T/ S718t A= 2-13). A9 o158 #3582 20154 °|% B4
OiH] 1~2T E2 $20] A&HE 54& Holv, ofx #29] A4z FA dhu42Ql )9

AH 291] 3}, Aok FHA) ol FHo| GFS FL R0 BHY,

02 2-17. A= Q0| OlHY D S-A-=fo O{ZHIS(E) [E5 : KOSIS2023)],
=1

X I AR E Ao 2F0] (2 02lHlE EEZAF ZIH(R).

© ol o2 1990 Bt o SHEY] o]&4EE B o, 20084 1.28HEC 2 FA3t 0]F] Z7ME
B 2-18). I 2015E7HA] A of gl % 75%E AA|oHd Fol|(AF E3H9] of Eu|-go]
A ZHAsted, H2 597H2018~2022) Bt OF 49.5% 4202 7HAGH v S50 ojdu| g2 £
ol &gk dju] 1990 tie} 2000 20% 422014, 201049 H) 4 0% 40% AR AR5l Y. S5l
Hole F2 2A(5~69) E4A17] & %741(10 129) GotA71E 422 ofgo] o]FojA 1 glom,
T AZEER B FotA7]) BE552Y 7P R A4S, ol 9%l $7lote A3 B9l
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OOI

18 2-18. A=E S0 Of2iZ W - M-Hall f2iH|2(%) & AHE Sof

0| 2 0{2l(R). [EX : KOSIS(2023)]

3ot (Lophius litulon)

ZZ7|(Larimichthys polyactis)
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© THFASHAE 19979 5E AA7IA] AStRAM S B-8-5to] Syt 1 FGoM AFE
FARE G AR Y] A AEU BESH E4e meteto] oAk #HelE AT 7IZARE A
S A 20?_]71_}(2000~2019) ogual 29 0]£9l FolAet 279 AAA]| A7 W BA
o=, FotA 4%, 20009 A3f sjgolr SARNEF =9kou, 20049 Alshet Haf df
oA, 2016¥°l<= &9 °H°d°ﬂ/\1 =98 Hl&0] Fole AYS Hof 38 AAAT A Fof Eo=
o] 5ol A= EY. FE719] 4, 20009 A ﬂoﬂ‘ﬂ ”*H}ﬂroﬂﬂ ST =3toy, ol
FAHGOE FQ MAAT} o] 55k ATHE SRl =4 oY W] wE A4 a4 Hsk=
UERA] (119 2-19). sfgeg st ‘TJrf—r 01 —4 3 9|9 A7|¥E B4 A8 FAT
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© °FgHl 0¥ dRA £8E50|9 FF2 e Sk AWM SBUTIL LA, Hot A ool
SEAFS Toter] el A2 1097H2013~2022) F4FARE ALY, @47153) SFEIARE
AR 2-20). F8 &9 otgHolF2 AE, ExE, WdE, AEdAME, 78S,
F=d7], I23FA SoI%e. HE orEy oF A=Y B A A 717 Yol E@stA e,
ST okl 201749 o) F AR A oAF 5 7 w2 W vlEE #ABHL Sl

% 2-20. A=E JHAHZ =2 OFE OIS HIE.

=
rﬂ_acﬂ oheta, < ~7P—°ﬂL A4 0] 168 A0 A7
@ Al 7FA] CMIP6(ACCESS-ESM1-5, CanESM5, MPI-ESM1-2-HR) 2%& AAsto] 2|95 7| e 2d-S
ARBEO, F8 AR vl AAIA Aol Las Ae) vief Alered wst @ 4 el
QLo FREYIEY WIS FHHAL.

‘ 41 ‘ A2E. 71=Hetel syt 3 YepH S
ACT Fish 2023

© IAAFAY 717191 2010~20209& B4 7| 502 ARgoto], A o] vl BT oL, HEAEE,
SESYIE WS A A AF 7|2 Ed ATt gy, XloﬂoH 7|12 nddsts LE AU 8t
717 A s Eg20] dAjof H|F] LA AR5 Ao g AYES. 3 SSP 5-8.5 AL = SSP1-
2.6 Ayt oo Bl sfHs2 ASEC] HoH, A7 15*#% HHF2 A4S o] A HYH
(19 2-21).

O 2-21. 0|2 BE4R Hat CMIP6 MH(F) 2 X6H(?) 222,
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712 (6~109)0] S5 ALy} LejofA] 2 Z o7 7hatt Aoz AuE A Fdof|Al= Ao Ho] ExmAo] 2-2-3. AR 7| 583 AL o2
2~490)= F7Hett S5EEH olEoH 1972 74T o2 AgEo] dA Adwsiel deixe=
FAFS HYH(Y 2-23). £3] 7~990= ExmZo] mf> & Zog 74t Ao g HWH(SSP1- © 715837t 9] ofgleo] uals ke wtetsly] Yste] BA] UGl AS tao g i S2Ms)
2.6:10.4~16.2%% F4, SSP5-8.5: 9.5~16.6%% 4) (IH 2-24). HoPEHSHFTESTAE), o715 2 244 Hs) 52 B45192. 20159 0]% HA] o354
© S AL Ao4o] BrviHo] HA2 ALT Rl 25T, o2} 42o] AT A0 AT, _%7} 2 ojg} B o L zoﬁ;ﬁ% 52 A53 WA o] gljlon, ofd BAlo] uE 7441} Zof
R . sl s A5 A9 B0 9SS SIsIAS.
E3], £XHZ0] ojSo] & 745t AZs7t 3H Faf G AA WA gE] oF 36.0~65.7%F
At Ao 7 ALY 2-24). © 71393l 2 $ARY 394 R, A2 59| ¥EE 1osly] Y5 Hio] 2771, EHDNA”
T3 €l = o Q3 Py o 9O 7FA]5] kel = Y Xe)
@ AaloliE B4 A0ol7} 7-1080) WA BE(1.4-87.8% +)He A0 AR, ol - qﬁﬁi‘]j]z =& ORIl T Be S s, TR HE A A
SSP1-2.6 AU QoA E 25.2~53.1%=2 745t, SSP5-8.5 Alb}ﬂioﬂﬁ—t— 19.1~68.8%=2 7143} =R A
(19 2-24). gEo] A2Ao]7} Adfjo] BRI 7]|7to] B AAE 0] SSP1-2.6 AU QoA= 11¥ @ SEuE AF L S oA x e katiaol(o]st Ao E 2ket ofg] $59] ofd t}e
7HA], SSP5-8.5 AlUE| Qo A& 1297k Exd oz Ay

e olF7t Edsty %Efﬂ, 20224 ?41:}%01,] 0131 2377} Xﬂ—rl:-_ Zugolo|d Ho AP Y By
Foz A H e ATE
grfisto] Hrigolo] A47st Z} -]—‘—]'ﬂ—— 9 H 883t 5 %15:_5 ﬂiq%}

CUFESP, t=71H|4]
YE(MOCNESS) & thst 2AF GH &S o]-&sto] A AFE =33}

A7(C
AL 2-25).
A () ©

O3 2-23. ST AQAI0] ¥ MAIX|(E) Y X|5H 7|E 28 (SSP5-8.5)0 2 MAs AIQXI0] 02 Y MAIX|(R).

[

117 2-25. SMRIHO| V|2 et M TS et DALY, (A) BI0IQ2F, (B) A&02 MEYI, (C) LISHHAUIE.

© 713 H3l] 2 AUF WEN SARUY] FRSHHAA, AN 5) W] et Fa S84
ZIAFAIE 23 5 o4AS) BUH A7 WGt DA 4449 B AT 24749
#4449 ATE SR YL

® T FEivet 9 Aol A AolRo] Ed Ao EWS Fio] HAHTE FRtH AT QA
20194 6¥, 20224 49 ZYUE I A HAFote, AeolA E5AF0], 20099 9Lof| 11/dof A A
2 0-24 7B AILIZIQ0) T2 BHIT (), S5 HE(B), MO B A0 HAX| BE 3t BT oFelt SRS dAof aleldel7k 20074, 201749 4% 3034 9 a=de
7S shelo] Qe ARt T2 A BN YSo] HART US:
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ZAA0] 95 AHE AolF9) AR F7|H0R FHt ZAL Y £E0E, FHNIUORE
FolFY MARIET} S Hsto] whet BH I Tkl Gdsh ] o2

© AT FARYRAAY] EEE o] &5 o FAFRAL oo X 259 7H1997~2022)
AR AolFe F 474314900, 3% RELS 2343019l Aol FEAo|(Scyliorhinus torazame)7t
F 437370412 AAY 92.2%5 AA5te] 7Y SHstAoH, o & F/Fol(Cephaloscyllium
umbratile)7} 2087HA 2 4.4%5 AAg. EERAE 2 knotd] W2 £ 2 BEZ A g
AHE FolFe ol5E L7t i AFAol{7E giFEo|glon, o] F tF Aol &l A
o], AAE) o, A 1m ol E FA R AJ7sl7] A A S, A7 AAE olF i
AFo] digt 3440l Y2 HAIE ol A (TE 2-20).

18 2-26. 22 25H7K(1997~2022) L2|L2t FHAMHN St HUHF T At A,

® UoIfvt AE AAe AZAAR A 918 e YARAI Y3502 ok glog
1 92 A% S22 Autt gridRA S uet ek, ofgfat e Seute Fud uFt
523 9 st ) Aok olo] UR) ol Aol B} atol 98 Ao Be,

© 3%, URAEY AZ AR} Seltet dae] U HolRY o -HE U AHSE WY
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© H7 FYSATAAL 19774 WY Sl ER IR 259 3752 12T Selrie piefo]
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Jej4 22 ST L5 ROIES it S Yol R, o] HoiRe] thet 71 2Hel Hug
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2-3-1. A Eok 153}

© HAFAL2 FA7|&9] W, AFolto] At wFofko] AHu| QFAEEO] thFs) 5 o7 AJARFo]
19804 5414 E0]A 20204 2,308 HEC 2 4.34] Z7FH1H 2-33).
* MGHQUAl MAZKME) : (1980) 541 — (1990) 773 — (2000) 653 — (2010) 1,355 — (2020) 2,308

o%‘.’.

© 2o Aol BAFE 20104 ofF B, Ak 4 5 LS FHOR ASH 0 heIg
o5, 20224 71 44 oS BAE 5 WSS 62.9% AT
* Mol Al MAZHEE) : (2010) 1,355 — (2014) 1,547 — (2018) 2,250 — (2022) 2,268

© WS AAZIE 4614 Wsjol Thet 20224 32 3,84391 2120104 ] 186% Z7HO2 ol
A PAFAL LY 2-33)
*E=EE 2010 o] 20224 THR 6,1219424(220%), 01F 4,200212(149%), SHEF 3,476212(192%) 7t

[e)

© 20229 E5Y FAPAFL 27 1,7304E(76.3%), W5 4158E(18.3%), o15F 91HE(4.0%),
7 AR E 224 E(1.0%), B2 10-E(0.4%)0192. vHH FAPAFAL o] 7 1328869 Y
(38.1%), T&F 1x1 21594%4(33.1%), 2T 7,26699(21.5%), A2F 1,6839YU(5.0%), 7IEFAFs&
7939 4(2.3%)°1 %S

T121 2-33. A2 13497H2010~2022) HEHQUA] AMAZHE}), AJAHZOH(Q).

© 19909 SOl AAIH A A FAIolE= olAZRT, A28 F 7HA19] AE ol A= st oL,

20129704 B, S, sfutE] o] A, oldre 5 vt AAAS 7 sl dAS Al F71
EZoHE o], A7 FsiA L e AS € U

* SOIRBHCHESE: : 552 2 Of9] AMof LSt RFBHHIE)S CIEGHT 1 AS(IR#) LS DIRIBIORIN 591 B 0foio] MA2| 3T 29

OIRS TS 2XO0Z 5

o= 11— =

© AR FRE T4L, Az, ASL, HE, oWET, WA RA $9 507 B8 PN I
; o A 1297 A ofele] 5398 AL, Asjele
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1,25091990 2 ERES

© 20229 9~10€0+= LA Asfgt Woll Aole)7t dig 5= mhﬁﬂ*}% Yoz on, HAA o]
S A T U0l AUEAE +s AT} Abs HEo] Y9I0S
* ZIGHDH LY ORADE ZIS0HS 107H SHS TARLAY / AL 24 22245

* Zlofet Hoi2) RY 57t ol S Kot 2 HZ SRHS0|M AR AP B716190| HRCR BHEIS,

® IPCC(2019) 2GS U AP D HEFLY
AUFS T A2 SYTE PP oY *@%«1 AAA) Sol IS ETI BT,

© E3 Akt ARulolFolA ST TR YRR TY(1941~20204) AT BS £ 45
(0.7C, p=0.006)°ll 23} vpu] Yo 754 S5AL(p<0.0001) TS FH 02 F7tErkal B,

© T AN s T L] 27 BAT 51§712K] 29aE A1V S AT 2-34)2
Hole], o] 2 1% 435 T4 7RsHo] oA T L.

rlr
N,
-1011
&
i
r [®)
rk
%
0%
i)
0.

rE
o
n
rlo
O

O

12 2-34. 512 G0t OHH|ATHR A 24 2352013~20224).

© ole] wet TS fEEa By WEe] e 2AISHE 59 2000d o F FAH HREA
Y35 At BuA 8. T RS H871EX 20aE A7/ Sgel det, 3T g
5 L 359 A2A3A) 71700] ShHozA o FAS 38 wijo] S,

(o]
* Q2|2 HREEA ASSAID 1 & 621(1984~20004, 46H £5, 5F AlY)

© TrhidEole ThetalE]EolRo ofdHi A quﬂ =2 A, WH 50l Bolsez gl HERR=EA
(Tetrodotoxin, TTX)& 7M™, &2 & Aol w2t ZExA o] S EHA L-2jutzt Ao :
EA AL (™ 2-35).

© FEUEelAE 20038 AIFE AAZ Ado|A 2 wiztdEo] @0l 2z 7150w, 20109k oddl=
F= Y98 °4°P°ﬂ/\1 °ol5 7iA9 Edo] EiE(Kim et al., 2012). HAlEolE 20124 248 AFE
ALlA A= & 20213714 AFEE 2t SAto|A A olaof oj2& Rt 1770 A3l A
& 26319 2do] EuHIoH(Kim et al., 2023), o3t et wolo] & W9 TS k= A%t
Bt opet Y& At AE B E| T 9 2(Yamate et al., 2022).

‘ 49 ‘ A2E. 71=Hetel syt 3 YepH S
ACT Fish 2023

(a) (b)

18 2-35. Xt 1017K2012~2021) 3t= A0 REE 2HIZ 0(A), SRRIH(B).

© HollAl £33 SRl 542 AT oF 85.8 pg(n=3)°] TTXE 7M™, ol TTXS A+
AR 2 mg)9 oF 234 W& 4.

© oA 2N sdRolR AT ABALE 20159 AlFEolA BT £71e E-ARL 1014,
siololAe wteEels dHMHET 29), SHoN(@F 29)2) AgALZE HaiE o] 917
A&AQ BUHT 9 FES 5 W5 ool 2agt

oo
rf
-4

2-3-2. Al 8ok 7|53} A

@
=1
i

r

u)
olo
)
1>,
1

0 N
o2
“ oX,
: N

>
=
P

o
:L
—\—'
_&
—;
i
o
ofo
rsﬂ
>4

¢
=
?_
:é
e
=,
=)
e
u)
ox,

A8 WA BEE ] Aol 20 B B e A o B0l 658 AT
HAES GYOE 4L Y 8FATE ANT,
_/’\_




OOI

‘ 57 ‘ M2, 712t ofefery A e
mEgJolo} A% AT AmekE FEIHAS(LY 2-3).
(b) c)

sto] 84 a4 Ante

‘ 2023 #4H20F 7|2 He} et H oL 2A1A] ‘ 50 ‘
@ A 242 Foted e 9 ¥ 188 FAA vpA Y(SNPs, FLG7IHCNE T
(967M3ta, 14l Fded R {24 AR 7] S 2292 8%1(2019~2020)3H9)
o, FAARFOA Y Ipe7] BEE FEE FRQ20% DR 7R AEA RS FASL A
(a)
©@ ML FAFFS AL Y F sl BRAES Mg FrUE 7R 788 92 A5 542
o]-g3to] A=A T = §-8% SFYHOR 7|7, AR, YolFel FPH LR ol &H I 5.
© FEUEIAE IR} ofFol AR, o] LY Tg 7RI Autiet FulElE ofddiA vHeElR
LW&@@”@W%EQ%%HW = A7 A% FA(@H 2-36).
ofdd g FAET F71e MEL wgHtE R HAHFIRAG2, AFEE, AR, Holed
) Fstel wdHElRe] FY7IeS BEMSHL, AAREHRRIE (52, 9%, YEYoT FE 5)
AXAAE Y TR, 121 2-37. AVEYA HAEHIE SHS-31A(A), D3-S4 &
© 20224 FHAH AR ATAIE A oA EE 84 71EEE A8
(a) (b) ©) FH HAEHES 7531, U R FA0ITU dAE o= *9}01403’5194 WA =P
AEE T A% AFS FHHL U= ©18 T 2024974 W, £ =, 4 S ATESA
HIAEHE QPYe Bl M3} 75 53 AMEFAAR] TS 13 A7 UGS 75313l A&
28 947)eS NdE W oA 9.
© 71FHSR A Al7] 59 A1 Fatp22 NS 02 SO (Parry et al., 2007), J2F FA©]
J7 2-36. Ui A EZ(LFHRS) MY, S 7 2(), €6 52 tEFH2(b), st shi7tFe G4 (). /\];Q,E]L 7FSHo]| 429 W% o] Az 7 9lo] 0|3t Wl 2T} 2 QL FjRE X sfito] WQ
Al &0
© <Tojh4), S48 0 ATHEY QpA o] B2otE PA7ISE A1) BANIR) 4 o
82 AL, SV7HRE] FAE R )4 5 &S AAAD], ARk, AV 98T 55 © 53] Z2Re WA BAFY oF 60%7t A% o2 o 3=l 3lo}(Kim et al.,, 2017; Hwang et al
ZAVsto] WAL RS A2 - v e 2019), A HE A 42 99 7S EO~119)el At 7Hs T 27 FA7IRE Aol B8
A1 2-38).
3 A 01%125.7 a}xx/\‘_glooﬂZ/\ﬁ orEylgl= A Eo:]/\f! —aoﬂ—o.ﬂ./\‘_
© 23HE 9 Fsdt A4+ 9 9f b 2% qggutEls A 1;39}3 Hﬂ; 2 © 2289 7|7 AL 954 Thsat o(]:/}_] =k AU 9 (DAEFSES £t ThA|uto] ofa]
10.6C)0lA 73% AESIRL, A AR=A (Bt 2 13.20)00A 95% BE3to], AR=S| A, 52 e ° :
13C o]AbolA] OFA A AJZo] 713t A0 2 BHolE 717 9%, @SS T 22w F5 M, O71E A2F(F, T o] ejof 72 Ed| -gho]
TR A2 F4 EF5& st Aolds.
@ ol71eI70) 240} ol T3} 5 7729 wajo] wet g 2uAF EAT) Wse 9ol ) oo
S e - © ATEF WL o83t ThAIHe] FAZIZ A2 ThAE FAIA 71 BRI} 071 74A] =A] ok
FHAA A 2Rl 27 Hste] oy FAQ] Amore A8 B2 8L 7€l & °
B ) ) . ol GAIE ALt $49 2AE eeielshe S Al 24 HESIAE(Hwang et al.,
© IS R T S SR Axf AT 71ES AR ARESH0l D HAOR FEUAL AU, Avh 2017). o|2A AgE F3AIT VE RRAhe] B]ste] k4] 71kl 3749 A Elo] 71 ThAnte] GFAlo]
U AR Fami 4712 88 olFRe 119714 FA0] a5
Z o A5l 2] =3 OFAl7]& 0 ks
e A 2R fAsts A58 FA7lee T © TALES B3 152U 2 AL ofAu (T AR AAsHs Wug()7te] ZRS
20189 A OPEOOH A]’EO]El])ﬂ-Tq’ ES ’ﬂﬂ%% Brotel Al *}E';%:L E B F1 Z8A S AR 0] WA FRE SIS Eof ol 5~8m7HA] Akow it
|28 7531905 20199 A A8 HHFHUSAEE, ded g Fol 150% S7FE L, FA717H= 7129 v]go] 440 F=HH ANA 687t 219 H A==
-1 =1
H EA J?};%E}i o ;}ﬂjﬂ?q??‘;? (Hwang et al., 2012; Hwang et al., 2014)
—fl?‘— off AOLE ol — T o=
oilCiRsg soig 4 98 1) 30015 B5weH 29
12) 432035 ESweH 29

o =3t 5

o 1
A
ALY
AHPALZA

@ FHEF
Alo17t 753t B
Y

ATAIE)e] 487 AT Aot 75 se AR ARE
TRsat A28 FEe19S. 20224 SoiTiopy AAE
[ SAR|O] 22

TR O : DNA MEZ Al =

10 &
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© 7129] u|e3} thAlu} o] 9lo] A Wo| L 327 EE JHELS 98 A 22291 Zu9} 7hejo] 4]
" o] e dS(Hwang et al., 2009; Hwang et al., 2013; Hwang & Park 2020). £3| #3&=
Al g3 AE Hol g o]Qjo| & ETHE U Hitke 2L EE 73S B Q5.

© THeHA Z15s] 28] 9 SHET O EF AL BA, ARG ol L o] F2FE
ek o a8 AL 4 oA Ao, AL tet 1 4 g o dolo) B
FEAAHY 2-397} FHAsi9 S

B2 |22 s el s s |7 s e 00

A/ I I ) S N I [ I I () [t
Som=dol
o7 (e A|7|_.=
0je; T
== ' .t | ______l I ____ Il ____ .\ ! __ .| [ ____ 4

113 2-38. 7|E SHEF(CHAIDE D|%)2) LA AI7|2f TS 208 SHEF 25 AL,

CERES }*% Ao], o] & Eo] & ofygt £ES fjitolR
B3 AEALE AT o) F o9 s A4 FFEES FUEFE 7+ Ao2 A 9
(Mackenzie & Kalavati, 2014). JHEAZ] F7ol wet A 9 HAS gt HH 9] 2% M7}
CHEA|TE, AR QA LG U}E'fi —’Fioﬂﬂi ZA} digo] w2 A| ZIgYE]7]

£ 3 713usie Q1g 420
Wske XA Buot U, A G 71E 5 908, ojo] gt ol el HAEAS 1Y

A719 Ao FF= VA

© U 8 FAESA G2 F2 YA = AF(F 50%)2 HE(2F 30%)01H F FAbFS 4THE
ol o® JAE. Iy, = Hof gA| A AlFol A Aro] gt mad2 2015 7009 YA
20199 1,3009 ¥l o]& A== sfuict FFot Y. IFNAE 53], HYEAE 7ol ot
HAb= 20164 8.8%% o1 2017d= 7.4%7F 5718t 16.2%= YEF(Shim et al., 2019).

‘ 53 ‘ A2E. 71=Hetel syt 3 YepH S
ACT Fish 2023

® ¥4 GA o HAsHs HAZAZH O ZE of Y=} LrolSo] tEA Y. 20074 AF G4 G oA
o] Y= o] H1E 0|3 of P=of 93t HA= wid Z716ta 9o, 1 UQAZ Enteromyxum
leei, Parvicapsula anisocaudata, P. curvatura 52 HAYEAZ0] HiE, FHLA S A =
2010958 202197H0 WA AAEAS 9ol 74, 9 49 B 94 A7, 49 A v}
Aok A 5 ohofel A1E $YSHAS(IY 2-40). E3], YS9 AR HIEHT Q& oY
AATAEL SA0] AT & U 7142 ABQ020%)3t0] B8 ZUE 0] 53 3.

® 9A 28°f 7|45l= Kudoa septempunctata™= %321 @219 A, AZ Sof| Y v X A= LA|ut,
20109 Yo &3 9] FA FA o) 7|5t Frotgol A5 URIoE A FEHA Y
& GA FHAY & FF= UAA H. AT oAM= 201295 9A] FEots A
BUEE, e L, 24 AAF wE G T, FAAA LS A5 A A" A, FAA
M T St AFE SPoIUS(AE 2-41). §ol, & AFE B3 MUt FAHYA AT FAEY
A B0 R FEof #4F o] 7hset A2 HFE|O], $AME 187 4] A PArYol 3.

©) #EO}% T olot HAZAZO] LA 259 702 A7} Qlof(Yanagida et al., 2006; Song et al.,
2014), Agoltt % ‘EP X] Hop i H o g +-20] &2 A A4 A xAZof o5k 74 ule)7t
o] WAISHEL Sl 02 A, ole} Belsto] /1WA 2k 20] 44T B9 AHEAZY W

l
1”5101 A3 g A8l ASHeR 27 dE, 49 AT 9 AR A

Wt e Hom
12 233 AL,

o3t 71 7He
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[712]01 87|22t 4= LHXHsH

B 3-1. 24K200 O1ADIS B

@© IPCCollA+= 20199 " H WAl TRt 54 Hax"of|A] siegof|xie] opd7] e a8t thgof o] AbAek
U= 7]&st Q. o] HIA oA AFstal Sl sigolA Y old7|9= EHiA A171%(Tropical
Cyclones, TC)9 A& -Z L -Hlx W3} o]A 142 HAH(Marine Heatwaves, MHWs), 543t
Y -y @4, idede 43 Wt 52 & 1 I=(PCC, 2019).

® 2 HIAAL & #Ao] Y= MHWs 2 TCO| Hstet #Aet &S
A

_E
)
CH
o
18,
e)
4
2
=L
=oé‘
o
=)
ey
rok
r o)

FAT 42 4ol et A4
1

Rk 218 MHWSh 71{”—12§ ‘Oﬂ*i —r7HE-J Cxis 42& oM 3 km, dolz= ]
U m7HA] F45H| g 20] A5t Al71E LE=(Hobday et al., 2016)
@ H7A B5H FEN AT FE] 90~99% o1 Ul

ofue 2ol Y A71E ditdes
MHWsZ Besta|h, 4 9 A7)0 wet 7182 Eeb4. IPCC(022)91- = HA 4& 7159 90%E
2IshE 1p20] 5 o A&He Ae MHWs= o3kl 3.

% 3-1. 2|2 20 MO0 H M| SHOHA &
(22H Ha}, SHAMELH, ASIZRA & 2

St
)

o

2 MHWs OHIE S} 0[] 2 %3}
5t 3h). [EX : IPCC(2019)]

M =0
ST
Z2Hof| T

‘ 57 ‘ H3Y. (712]0147 |52 =Lttt
ACT Fish 2023

© MHWs= A 200949 591 A AlA s 33tof| A EA¥ sk 9loH, E5] 2013~201597HA] 9F4 “the
Blob’o]2t1 E2]-& E5E Y MHWSs, 2016~2018E7HA] A5 3haf 2 E2539) MHWS, 20114
O AEH Ao} AZ oA 2] MHWs7} EZ Q] dAFl(ad 3-1).

© MHWsE 927]&= 992 ot sy & di7] #Ho] AZHAR 7H $83% UL Ay oJHE
2k 1A (Oliver et al., 2018). Yk 717F Fol= 5F 2 &3 A= BB Y, A=FoNA Eo] HA
405 0 20| Liehd. ST Ll 25 ot e} el AAEIS] /1SS, 55 Y 104
27] A= (Pacific Dacadal Oscillation, PDO), %% Z=4(Indian Ocean Dipole) S0] &
U AR WSt Q3. o5 7|FHEAES R Bt Fo] %= 1, d7]-sde e
Hoto] S ol H7|2REH 99 T4 & YT UA= AL E Wty §lS.

EHO‘Foﬂ/q_O,] XL7];<4 o] i} 7:16(}:.0_ MHWSQ] 71—1:,_ H]E lﬁ_ﬂé 1;1__91_ 57}/\]7]1— OJo] o7 XT-_Q.“c'ﬂ-
(Frolicher & Laufkotter 2018). A=A A2 HEH £43 19829 tfH] 2016¥ 2] MHWs HAIY
T 2.58/d00A of 5d/dez F HH 7VeF Z7Vet . 22 717 MHWsS 2| e 9F 0.15C
S7tetoH, 37 Wle oF 66% 576t (1d 3-2).

12 3-2. 1925~1954 THH| 1987~2016H2] MA| HE MHWs L4 His [EX : IPCC(2022)]

© E3] A $4 W7k MHWE 9291 AA Lo]A H““Ol Jﬁ}ﬂl UegoH, A At sfge oF
38%01 A4 MHWs7} Sk Grfsfgol Al MHWsO w2 Atg20] &Alo] AzstA Uehd. 3243%
2 A5 B2 Alsx &4 A2 1980d ] 2t QF 25~30d0] sHH A3t o] 2016400
o 6idof gHH X ;} A2 N7t 2 Yehal 93 (Hughes et al., 2018).

®© 20064 °o|% MHWs TAFoA 7F &5 2gt G2 A3 84~90% HEd 7hsAdol Ao
(IPCC, 2022), At 309 &<t 7F 23 g3Fo] 733t MHWs2] €4 BHE-2 194 7|5 stz Qlato]

208 ol F7Fok 9.

® CMIP6 ZEZ oJ&5 1995~2014d thu] 2081~210099] MHWs U4 A A LA 0 & SSP1-2.6
AU Q. slof| A 2~9H] Z7}5k1, SSP5-8.5 AlUte] Q Stojl A 3~15H] Z715tn A&d|A HlEr}t 271
& 7b5/0] =1, 9 F o2 Y A EF6E FHCE 7MY IA S7FE Ao ATH(IPCC,
2022) (719 3-3).

19 B 1044%7| 25 - 9L S 28 SHOR i o7 71% WSS 254D 21Tl HEIOR S5/ 20N EEINN B840/ +2518 Si0( 1t
14) QI WA} 0K QIO LIERHS CHEEOI SH-C7| SIS 402, SITh ARIEYTH HSQITY Aj0|9) B 42 BiRlO| KO0P7} 237 |HO2 Riafi o
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T8 3-3. #EEU HYE MHWs R[S A HIe (U4 /) bl
(a) ZEE(1985~2014H) MHWs 244 81, (b) CMIP60I| 2aH X244(1985~2014)E MHWs AT,
(c), (d) SSP1-2.6 & SSP5-8.5 AILI2|Q0] [ 0]2{(2081~2100) MHWs &4 B [EX] : IPCC(2022)]

@ MHWsE 1 A Si9ls] olpae g o ddpEel g
Mol Siefo] AH5.2, A, e, of%, W5EAe] O|Z17H CH AT LS WA 2o
A340.2 siopgeiAst sl oFAY T olelel Feldel G 1 ek welm glos, 55 24
W5z, 517 Az, WL AZE MHWso €8] 713 2 91 e

© 20104t SEeEFe] 7V et 719 21 179 MHWsS] 7 1Ktol 24
9 HE W0 B4 25 g4, A% olg9 B3] 531 WA AL 49 g4, v HES S5 2o
SIPAEA Sk elo] WA o] Lhehd,

mlo
i
rir
)
Eu)
-,
i
.
a3
2,
gl
i

o Az, AR &, N24S WRT 9% APUB 447 FHD A AL ATy
44201 LSCE ol 4511 MHWH 2ol 3% £012 4 ghe g sold 4919, 150

gk /\]‘/}aioﬂ T 52 Ado &2 AYS AT B3 SSP1-2.6 AU L Sl A Ale
MHWs2 Z= 4 RlE F7I= Qlste] 214)7] SH7HA] AtS7t gHl QiotAl Aasal, ot OS_Q}XHOH
WAgo] kst A E 'ﬁ%«] SA2 A% B A4 vehd A2 AFE(IPCC, 2022).

© MHWseH] st /i o2 k9] #5420 F453| stidotes @42 ol A4(Marine Cold-
Spells, MCSs) @402 81 Q1. MCSs= MHWse nR7FA] 2 AFS 2.9] tijEfH|Al U o FAYEf A
T2 B & 9 T2 Yoy, quiz A9 MHWsol| mE ¢3S BYote= o|ds F71= &
(Wang et al., 2022).

© MHWs7} 7|3 H3stete] F513t dai/do] A -Lc AI= G2 MCSse 713 H3tete] A/ Aot

22, 8 A4 7| Hs00] ook MCSs 74 AL HolT 9%, Aeel BAv e 27 Lk
U e, AAIR 19824 5E 20204714 4 S8 BEARS VO AHE A3 MHWsE 10

‘ 59 ‘ H3E. [712]018712:2 o

g oF 8.4 Wo] RALSTE SUkoke AR YL QAT MCSs= 1099 oF 9.49 Hol=
R A7t 7H45EL 92(Wang et al., 2022) (I8 3-4).

I8 3-4.1982~20200 == 14 +2F 20| 25t MHWs 2 MCSs2| 4 85} 0. [EX : Wang et al., 2022]

© MCSsQ] HAY W0} e = X257} B & AlSkE = )] Huhs Oi oE AT 7o g HAYE
Aok, 219291 HAl= 371 7o) . T3 A9H 02 MCSs T o] wE 1 ofj7}F S5+ o
o4& 9L 3971 @ 33K(Wang, 2020).
® 1A TCY HH ATZATE 9ot AL A EY, 18004 ] T4l o]F 9 AEF Yo} 52079
AZHRE TCs9) A WEE Frastgon, 1923L% o) 5] ZFALY oMES] PAIE: St
ot P B3, ofgu]ops| 9] AZet EFo1d 9] F7HF HE UEY 9o, £ |d 5%
SO otel FdotAlotof A O] AEoh= TC A=7F S7FF=(IPCC, 2019).
© L AHE Aol sa=9l, QEEE 9 SR A 2] TCo| wE Hojj= 37kt v, "l J3=9]
A= A= B2 HA(Colbert et al., 2015).
@ AAZ A 409E7F A AA G4 e TCY HAHI Lo A A FEHEY AAx,
SHHYE AZ od, LAEH Lo} AT Y 52 F
4 Q-gudtE 233 FobAlo}, Q1) ofebHo}sf
Sk 4 9JS(Murakami et al., 2020) (1¥ 3-5).

© A 30859 Bubarel \k Zhzof| A TCO| A7k Yebv= A7 108 F 9F 50~60 km 52
202 01%‘5‘ 2 Qo (Kossin et al., 2014), 23t A|7]o] BEjHYF A& s|FoA Q] TCY &
52 0L AekE Aoz Aot 9l&(Kossin et al., 2016).

A AFH R TC A Wlke 21417] 59t A9 ¥abt gAY, Zad AR =i gloy, TCY
A 34 4 A2 A9, B4 A% Az g2 3718 202 AFE(IPCC, 2019).

© 214171271419 TCof gt e 1) afeetatel o] ue ol Bt Ak 718 Zolo] g
§2 203 TC £3/F 378 A, ) L ROl TCS| 2y MET g Ao b
A, TC TAHlE Ao] BgraAL = TCol

=

il

s of Aol B Jokd Aoz Huskal I&(IPCC, 2019).

16) ZSHY : EHS0IL} X7 1240] 7| 42510 2 SHEH0| SSAB0ILE 2300 2f3t ai-2f EXZI0| 2faH 0] BYAIQ FAEL} 455HE S

S
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12 3-5. 1980~2018E0] & MH SHYOIA TCO| LABIE ZSk [£X : Murakami et al., 2020]

© TCY Z+%F 4 ol A S71ol OE 2Aads u% 371 A0 & A4, EFdde
Qlsto] FF A 20 WIEH £0] A2 te S71F Aol fFE HAA<} #&%*OHE Oﬂok—
& A0 A, ZFA o ¢ 29 BRAE 71 wet SARES ALAE
g Ao7 AW YS(PCC, 2019).

© TCY RIS} Hdf= vy A34 TAE 7%1 UAE, TCO] Al719F Hef= HAZ AR BAY.
&, TCY ¥%0] o 10% S7Fot3le A% 1o wE &4L2 30~40% 571 A2
(Strobl, 2012).

o] x
=2

2
I
=0

f
)
o,
ot
el
=
$4)
glo ©

3-1-2. S S0l Jee FE olgrIF W4 99 12

© YU 99 FE5422 7407 ALH £ ASol AuiAel A YEHHIL oEF £
Ar5o] H]sto] Fuf o]Af w2 ArS A UEFYIS(Kang, 2000; Lee & Kim, 2013; Min & K1m,
2006; Kim et al., 2011).

)
mlo

© SFAITE 201090 HolEHA Sevet 58 oo AFYE 42 5 Aol & W3t Uehd. IA 2
FoZ FLolAd ASHY £ A5 AastAY ¢ eEglon, oA fAte2 & 202
AF5519-S(Han & Lee, 2000) (18 3-6).

© °1% o] AWE 42 4% A%} 2 Wshe 20104 olF Sttt FusolA Lehd o4 14
A4 9 ol A4 BT HY Belo] UL,
@18 ol e Lo BeE A0l A A 29K 4 9l 47120 37,
D) ANSERE G2 243 toidRY AVl 371 3) IBE ANER] IFL Fi UF 53
2 S0l G102 A7,

‘ 61 ‘ H3Y. (712]0147 |52 =Lt
ACT Fish 2023

72! 3-6. 1950 HEE 2010 H7HK| SoiSEeHS(C. East Sea), Salfd5 o< (S.W. East Sea), &dl(Yellow Sea) !
E5Z6(N. ECS)OIM HSET 6{EHO| 104 HY Bt HS4+2 HE F0|. [EX : Han & Lee, 2020]

© AFH o7 Wsle 29| 49 eyl 17|03 HejoF 17]¢o] St AEo A FHE ] Y3
SHAA AFRE AS57HA] 7] & 17190 342 ”ﬂ 9}19_}501] 71 wo] WASHEA 17 FH 9]
71500 9o sHte A9 L%t Lt 98 DE(heat-dome) BAY %873 Yolog
A A=, 2021). sHAIEE Seuet 292 A5 @4 Eut obd ohefdt 7144849 Bkl
JFol whet oheket FEE YERtLL 9loH, ojeh T2 A BRH 714 @Al 20109 o] B
F2oHA S U] UeU L Sl&(# 5, 2010).

© 53] 01238 SolAlo} B o8 ke v Sejubetl 3 v|gulsto) et ko) A% B2
A719] #alzh 24 detdal Qo] 4 o] thet ol &3} din|7t fEofA L AlZ. B3 Syt
HYZ SOAoF tiE 1RO W et FEl= WSk Aol AT A, A&, & wHof Hig
e AL 9 REREIF, 2017

© 7V3HNA Agshe A2 5097H1973~2022) S-Euete] £9
A&l A Hol1 9or, B3] 199492 Aot iy = ‘ii* 47k =& A717F 20109
b2t 2020 Hiofl ASsHaL Y22 SIS 5 U™ 3-7).
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16) EJ41 17[9t : 01K BISO{RI= 742 11RO, 0] 117|940 015 E SHO2 0fS3 SERHSY 17IQAD} IRt SOOI O1Z0] B0 5 24000] &,
17) U= 5464 KA 10kmOILH AIZOIA Wtst 17/910] BHEIOR N ¥ D9%0| 10| S0 AL 271 1 Rj2l0l 748 i 714t st4d
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© A ALE ol A%L BYL 7Y
g VH 042@<6~8%>
A% gov, :o]

(14 3-8).
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-7. &2 50147K1973~2022) L2|Ut2t 2 &

el e S8 o 5H(6~88) F& O +

y = 0.0064x + 2.6583

197719791981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 20112013 20152017

.

2 42137K1977~2018) CHEISHEIS STkt CHOKR 2| Hl7| #54 B3 : Shin et al., 2022]

—

Bl oF 257 A WAste] S-teto] 4744

of

Ool'

AL 1489 3~47

o 7r9H 02 YA WA Seltete] 423 Friet 4o Bl
900, 0|2 AL T FAT 23 LUsl] 1 GFO2 WY,

A2 il FoolA e o4 A48 B412017~20184 ALY BIUEY ] BEAS A
2 23}, 6~799 AZHE AT SR FBBATH hebdS lste] Syl e 74
WS} Q2L ol Aol JFL 73 USS BT o U(Han et al,, 2019)

2 BI LU B2 B3] 2 5L |29 $37] F7HE RUSL f2AAl g0z
18 OIS AN FS 3 G AHHOE B 371 Aelot 1719 MRS FHR B
FA 57, 0|2 AT A= B3 (Albedo effect) I3t Ao} 17199 Aol
CAAZ FAT 53 243 45k 200098 FFUEE Adelot 17190 AL o
ol A5 AOR T MESHL 928 AT 5 LS (Han et al, 2023) (18 3-9),
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13 3-9. #2 55E7H1968~2022) AHIZ0F 17| M X[ HE. [ : Han et al., 2023]

& Aelelot 2719 A2 ke vt ASH 1L % U B4 U] WA P
o2 wusls, Foplot A2 B¢ A4 HololE §FS F A0 W, A2 Sopo}
A B 150 WS 4TS 4R T SR AL BEH Foblol A2 B4 A7 2000

1;!_<
Ao
| SOFA
TR o] FHePA FoAAD 9SS BAT 4 Y3 (Han et al., 2023) (1 3-10).
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A1, 2023). Olr’—%lx*o Zo]| 9of olFe EX EY 7]
FA 2o w2
o 20184=
IFS £ = 2 749(2016~2022)
9220184 Oli AHA o7 JgFE FAA,
i 940H°U AL 1245

l 717 H71E 3=

74]717} = 20164

M

oZ
rk
(3]
o
—
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n[m

ol Ao

il
do o rlr rlr

AgHe

=& 'ﬂ%ol
© 7€ "E 0] Feletl 24

SN
Rul
ofd
rlo
=0,
=0,
o

20174, 20199 ¥
2 9=E A4 53
O}E‘W HW lﬂ*oou 7] &= #0373 Jdslo]

2318 7M1=

l

TA|So] w2 v Al719] Gl fle S5 L AFE X1°U ALH 34 HSE A 2000311‘41
S AAR 25 ALE 5852 NEH O R ool AFOA ThAl %POHZI% Ao = Wstoly
= NI, AFEY] ALE FE5E &M oH}o} Aol A ol 7ol w¢ foHXh
AS(Han et al., 2023) (19 3-11).
© 71’87 o1A AFote 19739FH 20229714 A 5097 S-2vhete] gkt 34 dE AmEd
1970~1980dth]l =2 gtut A¥o] 1980W ] FHHEE T2 5HA S0l AAITE, 20009 H) F34t
By ohA Stk B4 47t S716Ra 9lon, 2010W ol 20144, 201549, 20194 5 3¥S A
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18) U= Tt : O SAQ| HHO| St YISl X2 RE] HIARS! EHYHIO| BIZ 2 QI5104 AF10iM LMSH= 712 Hist.



‘ 2023 +4H20F 7|2 et Fo § S 2 ‘ 64 ‘

Shale diF-E Qo] 27 doE2 ElT 4 SE(0H 3-12).
%, HE

= %, ot 59 Z 2 Aol whek 201049 o] 3 S-eluket s gof A thakst o] A}
%ﬁoﬁ— | ERAL Qlom, o] 2 Qlsto] QFAEED] thgmAL G SARSH 7| S-Alol Sl Qi

S2|utat gt il 4 H3H(1973~2022)

y = 0.1207x + 1.0642

1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021

72 3-10. A2 55147K1968~2022) SOIA|OF ASH 24 X4 HE [E£X : Han et al., 2023]

I3 3-11. &2 55H7H(1968~2022) 25k ¥ MFEo| H28H Hd 849 &7| Hs 48 [EX : Han et al., 2023]

S22t st YA Y #SH(1973~2022)

y = 0.1207x + 1.0642

1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021

18 3-12. 2|2 50117K(1973~2022) L2|Li2t St 2 U Hat F [EX 1 714F]

o o o

‘ 65 ‘ H3E. [712]018712:2 o

© 2 A e 717 e r AFH = A, AZEoe Aol HIHsH EAYsto]
At Higtell A3 FAFE THLR FA=E TsrE vid FolA] L .

© AFH Ap2o] TS FABES A 22 Aot Hof A Y diAret HdE 5 A 7159
: bl

ofste Awol =257 42 AJH7t =of HAlsHA E.
7120 3-13. 22U 142 EH oL 12 3-14. 22/239 M4-2 EH 9.
© FRFASHEZ 201790l 1523 AL S5 7]%S vhesto] vfd df-8ekal 912
© 20224¢ o534 142 ER 7|72 "22.7.6~'22.9.72 6447t A&E o HW(21.7.15~'21.8.26)°1

H]3 212 S7FtAE(1d 3-13).

©2022/202349 ALH ALL EXH 7|7H "22.12.18~'22.3.62 7997 A&EHo] A
(21.12.28~22.3.11)°] Hl5f 5¢ S7FoH=(2H 3-14).

@ HEL 1487 % 45 728 4+ U oy B
191 3 BT ER4E 3. 3
Al B4,

© AT-2dsto] uhet gF A RlE s FASHAT HEl] e W2 F7 }6‘ o] et 9
E3] EMEEYNA A 37d7H1977~2013) Ao AFESt EH%A YT 12~15% Z27F5191 1,
T Y12 A-2udsto] upE sjiEH =29 A7 HQl 5 YELE Hilg(Mei & Xie, 2016).
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@ H1% WS 4L, AGES, YT, WAL, A0t 2SS4 B ohleh S o=
244 ogﬁohg— o4
© FUSATIAL F Yol B2 ol

=3
HE 5% T A 2AE Ao s 35

3L %k

13 3-15. 2016~2022d R2/Li2t HES RY =.

© 20164 o|F Sejutete] A 9L & EH%% F 13749, 015 11717} Sugstel S A&
S (Type DOl PI(T8 3-15), sho8 S B9t Aol GS LA 2, e 90 wret o)
WA ot -2 Wish 22 o) T2 uraha*(i D,

Type I1(AMall 54 EiZ)

=M, 53 ME S, 5458 =52 H2
AQ ALA
OIA L Ean_H:u T ©0o,
s =X o5} o e AQ ARA Qs Mx 29I
THQIAIA pE LHACH ghct T ©o off 54~ Fry
s 57t

‘ 67 ‘ H3Y. (712]0147 |52 =Lt
ACT Fish 2023

3-2-2. o7 50] TE oA o8] B

© H 1297H2011~2022) AAA e o] T2 Haf FEE & 23829 Y0 AT, AAA )] 2L
ALFE, AR, AL, B, o RF, B2 79 To= trsiF,

® 2011~20224 7} 2 g3 & AAAe= 1420y, T Feide 1,250 ¢ 0z AA g
53% %I T 0.2 A= 1afdlo] 4929 9(21%) A2 2689U(11%)9] T a)7F LAYt HlAkA
$7) 9} oAbz 2= A9 5%E T2 120U} 1189 €07 77 YERES.

© FAAE 7k 7P Betd 2018d ol e, AL, SEHE 7139199 Hej7t wAstglon,

1% 1029 T8 60599, T8 A9 Ag % , 4, AFE 850007, TalEF gAl, A=,
z0&8e 5 5 63,9634 w27t aw—a}aa%

© 20219 1~49Y A o] Bt G- (AR, Hk)of &l 7 4039 7} 99,2373, ThAlut 10997} 9,829%,
£ 108017} 7,742%, 1|9 3017} 2052 g3 A 02 152 209 Yol

© 202149 12 W3fe §9, AA, 24, &8, ks, o, 9=, Al i%ﬂ 598017} o} 17,9704
o2, =8 69759 Hal7h et o, msfa X 2179 o] TSRS, 7T WejAlLE 2ARE
AAG(d, &4, 18, B, A8, 24, e, 79, 8%, A=, Ab) 3,437017P°ﬂ*1 1p202
4, v, Aaet sz ‘%V“ }%.‘lﬂi g2 959901 E. FEAAEY, 9, AAl, 1) =

AN O PER(FFEE 5, WikaSI)] GHOE 3740171014 962189 Hehrh LA S
©ol9 2o, 20215l BHolnAd §9, 4L, oP=E 59 AN 416229 a7t
WA,

© 20219 % mojE+ H-8-2 HA| 3,815017k 14894 3609YCE FUAYHL 12299 ¢Y0] 48
H(EHAAEN A LA oo 4411 w]o]gPoi7to] sz o] Ag ciAdollAl AQl, AeiEF
& AFeE B 7RQloj7hs E3H] A Y tiAdol A A|9)).

© 202292 olg2F] ATt AZF Aok A AN BAHHON, AehUI0Z 7 FAFL
o] Alg

N U #2791 HHEREIHCylindrortheca closterium)?] dgdAo] Bg ¥ J4d 5=t
ALEEA 7 el ws) Wao] 2L, ThAup FAFL GoFY HEo 7 Hi=o Meoli}
9 AR whAjo] A E 92

© Yot 653017104 A, ThAlu} kARl A m5)7F WA sto], 7 5279171, 2,393.5ha, 47,8713,
8 FHL 4.8210]917, thAH} 139917}, 21.4ha, 8,420%, W3 XL 1.79Y9] n5)7} LA51A
OH(3 2), Yol 5 =1 A FHL 2508 70| A-S(3E 3).

© 20224 3Y A SO A 4=AF A, v, pAnt 5 2T FAA AL o D dAEE 5
RE AL EAske] 4130171, 4.4999] fof B BEot FAH 02 AHE digt Hei= 7 70
|7}, 6653, ulq 2017} 25%, ThAlu} 3017k, 120F, & 3017 22%, Thef 1017} 74&019l0H, ¢4
RBEZ 7 690171 641%, 19 140171 474%, THAITE 3259171 10996%, & 3017t 32&C1 W= (E 4.

19) RSHTfBH : SOIRJMBHCHSEONS ORTHEN 2T FOIGHD 00, OWIAR, AR, HII2le) LY, EfE,
0f2ig Ao IEHE 23t
20)2) B3t 249) W2O| 2 HEISI01 2 AAH Ko7} LIERLI B0 A U 57} 2 A0 RS It BN UolLis 3y

on

FHY, 042 S RISIBHAOR OIof0] HAIBH 2MANS I
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ACT Fish 2023

2023 +4H20F 7|2 et Fo § S 2 ‘ 63 ‘

® I3 &, FUAY A 22501718 B A QR 4279k (ZH] 146, AWH] 63, 84 164, ARG
55)%l0m, =1 A YHL 146 THYI0| P2 (H 5).

HeE
@Glig=)

o
(=]

) g
A 877 10,626 232,074 2,603.9 56,291 647,110
4 637 9,607 192,140 527 2,3935| 47,871| 478,710
CrA[DF 240 1,019 39,934 139 210.4 8,420 168,400

13047t

B

I

Xt 30%, At 20%

QOH(H¢) * BX 50%(=21 35, X|EHH] 15),

1A 47,212 382 | 631,440 250,250| 107,250 164,364 109,576
2 39,636 291 457,180 181,300/ 77,700 118,908 79,272 1307}
CHA|DF 7,576 104| 174,260 68,950 29,550 45,456 30,304 S=ILf

HWRY | ok | e | may | 3o

g A 6,778 | 26,090.45 785,918 413* 5,672.2%| 13,049 446,259
A4 6,778 26,090.45 785,918 791 3,302.2 906 | 203,931
4 389 11,960 163,427 700 2,154.2 665| 175,442

ol o 3,288 12,147 406,999 2 498.0 25 3,632
CrA[DF 2,986 1,347 213,632 3 255.0 120 19,800
= 103 117 9,700 3 55.0 22 2,596
It 2f 12 519.45 2,160 1 340.0 74 2,461
4= 6,766| 25,571 783,758 411 53322 12,143 242,328
4 389 11,960 163,427 69| 2,154.2 641 6,410

ol o 3,288 12,147 406,999 14 517.0 474 12,798
CrA|OF 2,986 1,347 213,632 325 2,606.0 10,996 219,920
X 103 117 9,700 3 55.0 32 3,200

* 77047t

2,962.2ha
Ad, 4=
S5[ak

| 69

RIBE. [7121]0147 |39 4
ACT Fish 2023

AERHoH

H5. 20224 43

Ijo =48] X

e |02 | 23 274Q0(Hg))
B | op) | @8 | w | =3 | sm | x| g
A 225*% 9,630 427,064 145,950 62,550 1 63,625 54,939
Al A 77 901 217,760 60,200 25,800 111,541 20,219
4 69 662 188,904 52,850 22,650 96,007 17,397
o o 2 25 3,359 700 300 1,997 362
CHAIO} 3 120 20,369 5,250 2,250 10,889 1,980
£ 2 20 2,531 700 300 1,296 235
ot 2 1 74 2,597 700 300 1,352 245
M= 223 8,729 209,304 85,750 36,750 52,084 34,720
2 68 638 6,190 2,100 900 1,914 1,276
o & 13 454 15,624 6,650 2,850 3,676 2,448
CIA|OF 140 7,609 184,590 75,950 32,550 45,654 30,436
£ 2 28 2,900 1,050 450 840 560

© 20224 15 WYOR M A SAIA| o] ZaEe sA EAste 4ol L, 85170, 956
78] 3179 REE ] F27t AQEH YL 7).

m3)7} Astol(E 6, 19 3-16), &
* 142 EEYY  (E) 7.6, (ZE) 7.8, GIA) 9.7/ *

OF Al
o =

spE (5

=l

OJ&) 8.3, (cH{H) 8.25

| &}

071(017p) | At%%r(xmra 071(017h) ) [metecaniz)
zuge 144 1359 20719, 64 94 851 956
I8 3-16. ZOIE2 HAL DG AR
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© 20239 A2 A0 R AHL o4 A dof A oF(FF, X71F) HAE 25t 61
|7}, 1,926%H], 4,808 w3 7F WA SIolS(3 8, LY 3-17).
* M ML ERSE: (FH)'22.12.18., (BY) 12.21., (GiH) 23.3.6.
** (712 - Jol(ARIah) ERSIEi ol /AE /ohM) 1 23.1.4., 1.26.,3.6./'23.1.24.,1.31., 3.6.

71 Q ol D))

@02 --

HEC (o) \M%a \ eo\ 792\ 891\ 317 136\ 263\ 75

2yeete)

e o= %—?—'}_ﬂ-ﬁ- 186 74,323 19.24 1,925 4,803
a3 gol =5 92| 459 37,067 21 063 1 5

3 3-17. 07 TA} Lo AREI.

H 9, 20233 AL Ljs| 27 AQ0

E:rLAooH(uHuH)

@) | | =32 | ng
HEZ (KA | HREE Z27IR) 55‘ 1,825‘ 4,044‘ 1,238‘ 531‘ 1,365‘ 910
* WSHETRIZ(5X] 104 A# G2] 1.5%) X/

© HAE U2 61017F F 407K 52, Eaf2)e FAFAEANEY 7H, 2017He1)= ool F474
Ztto] opd o7kE B4 A E(H 9).

‘ 71 ‘ H3Y. (712]0147 |52 =Lt
ACT Fish 2023

© E7- 2992 4,0449H9H(=1] 1,238, AHH] 531, 84 1,365, AHFE 910)C.2 o]F =1l A Yf
1,238 0] 9.

© ©I° 2o, AiAsgo] SJste] msf7h EAYsHE, U PR FAoAAS2] FHHIE AWt A=
i =

© 578 FLAY 71E2 oA = U3 l A FAE H ofdE Al Tl 399 o] g
YA 7 (s AA A Al A3x)

* O+ R(REKE), OER, SESHY, EFS, OIRINIGHCH HOISIRIE)} OIRIaHs Koot SO 0I510) HAdHs 4442

oTL= o, (TS

on

2 O{AE A2 Tjok
** TS0 ATHBHCN A Al 2l RIBZAM1 M1 SOISEF(EE SR - Old+2(BEKR)CE 5t +MAAZ9| T[5H7 Q=
ZREM 11 I|5HAU0| 3242 01421 Z2)
© ANETH(§ A E AGETH S 4 7|2 2 i AA2AET 2 BPAY 2
(32 ) 00 w2t A1
* Mol A 57818 A7 IE(H7)) (G5 1A J2022-1372, '22.8.11)
© 718 AN 4 BEE LAY TE 2 BFUG RE SO B FH(HEY
A32223%, 21.12.16),° =t A=
© 2A B2 AT 5, AL vlolgolrt, ANR TS AFE BF Aol 5 AL B
* TR 1 3 S7HIE 71EFE, MeX, TO{ARol STXIEQE, M7E, SO0 HteHIAY, R4Z
© B AAYEL 242 5o AR BE 50%(E] 70, A 30), §4F 30%, AT 20%E
P45 2.

ot

D 3-3. 2AHio S Big Y S

3-3-1. AHAlS) At o3 d%

© FYLATEAL 2003 R A Aoto] A AP g HBAAH 4K 2 802 R
vj3) Seisolol] the AT R AR A7 9 4BE ATHLL YL,

© 2014856 K271, AAA 9 WOIA T8 Ao whek TEF MAZ £-2BF 42E At
20239 59 B4 A A% 1807) AT 52 BETS LA U2(TH 3-18)

© UAIZH £eWE AL BEAN, AYFF BE, B4 BE 502 FHE BA% AR EE F4%
AXE 912 38 14 Ae2 A0 91, B AT [TES} 2 BAFARS So FY4eel
AAZE e VRN AY A AN AEo] doleulol AT, 47 3-8 HEL
AR Fo] A%+ LA BAuL BS 5 AFT

;:_,




2023 2-AH20F 7|55 FEF 2 6 HA
ACT Fish 2023

~!
N

@ 5 A2 718, AHEE #5 20 Pt A 2ol Ho s T &8 BUEHPe
FH RO st LA QA Al2E2 59 7é‘—r £35 3~5m, $5 15~20 m,
AS 25~30 mof #Z AAM7F YA, Eole £S5 2.5~5 m, $5 8~10 m, A5 15 m, M= S
2~5m %o 10 m°ﬂ 741]& E ki ‘%‘H AAZE Bt o] F =22Q 71A Fafols 2 B5
A7} 5 7

2 BUHYE] 99} Aol A3 AE LA
LYY ol 44 25 m| $-2.8 B

T3 3-18. R Aet dAZH SR HEEEAIAE FHE(2023.5. 2, 1807H4).

e

€ S AT HE ¥R FHMATRHY, 713,

58308 1, AeEs M E oz ARt 2 AR A E.
© AARZt 2 Ame o TS BUEFSHE 7P 71249 Amol, AT #2 #EAR ¥
Qe #EAE o W/ﬂ ARgEol SEuet At 289 A d] 4L ks A-3H R FUsHA
AL ATE w2 dEAE YA AT FaT ARE 881,

= AL AT #2 B4 F 104 o & A57t S BEhe T 25512
She 30 5 53 574k, Mk 574, Wl 154 oF 78%¢) 207447k 104 ol A5AES

BAHoR SAL Y(E 10). 20109 o] Fof mparRolS 75317 AlARE 714432 1574471 109
ol B& Am7t A0 UL, I ol ARA| Bz A BEAE 29 717F0] 109 oW Y.
© FHFASIL S AN o429 WYL AP S0t q-3AIHE SEetaAl £A|Rd 7Rt
3 g2 FEHL AL

r'OlA

A
hn

A%, [712]0/A7159 4473
ACT Fish 2023

il 2006-09-12
P MAE X2 2008-06-21
T =
1) 23 SRT 2005-10-05
Jom ] 2 ] 2006-07-03
(97H—)l\—) 6|'FE|r 9:!6" 2005_1 0_07
QI 0| &= 2012-11-28
7IMH EHO AT 2010-12-18
(4714) 23 AT 2010-12-28
e 2E 2010-01-01
2 7 2004-12-24
71x1| U2 2008-06-20
E0§ HjAE 2008-07-23
04 Al 2005-11-21
EY IR 2005-10-26
5% 83t 2004-12-24
i 5% 513 2005-09-23
T Li5 2% 2005-12-24
(1574 4) sl ot
B 2005-11-23
A Mg 2005-11-02
0f2 3N 2008-07-03
L5 otz ol 2009-04-16
(2474A) A L 5IE 2008-07-24
AT KAt 2005-10-25
MHZ 2004-07-30
HAFCHY R 2011-12-05
HA =22 2011-11-25
=9 = 2010-12-30
e %% 3&5 2012-11-28
O7h4) A 320 2012-11-28
H= 25 2011-11-26
HE 52 2011-11-25
HZ= 2 2012-11-28
=XE 2012-11-28
oFoF 2008-07-13
o 3s 2008-07-08
=5 gﬂf AbE| 2008-07-22
- o9g 2008-11-04
(7744)
7|= 2008-11-04
PAPNES! 2xsn 2012-11-28
(2744) 2 Kot 2011-12-05




203 44080 TSR BYABT LN | gy |
ACT Fish 2023

© 2017955 293t = 5o ALt W ASA]
FEET 5T o] B2 Hgo] 1¥FHoE &
oF 3 km9| i tf7] LA LES AFote] AssHE ASAATS 155 A& 2HE FH|o[A|
(www.nifs.go.kr/kodc/rocps/index2.jsp)& &9l Al&ot(IH 3-19), Yoo LAY FoH-HH
A% A= SEHIE 3-20).

18 3-19. ol I ISAIAE SHOIX|. 1% 3-20. 3ot g7 Ao dl FoE dF K

e L R RPN B DO L L
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