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SUMMARY
I. Title

The future projection of marine ecosystem for the seas around Korea I
(subtitle: Development of a pilot atlas for the past change and future

projection of marine ecosystem in the seas around Korea)

IT. Objectives and necessities of the study

1. Objectives of the study

= Development of an ocean circulation—ecosystem coupled model

Assessment and understanding the past changes of marine ecosystem in the
seas around Korea.

= Information share with stakeholders, policy—makers and public by providing

periodical future projection and knowledge—based guidance of marine

ecosystem.

2. Necessities of the study

Observations and research results show dramatic changes of marine ecosystem
in the seas around Korea. Various anthropogenic or natural disturbances such as
warming with higher rate than the global average, eutrophication due to rapid and
excessive coastal development, increasing frequency and strength of red tide,
increasing invasive species such as jellyfish, decreasing fishery resources due
to over-fishing continue to occur till quite recently.

In order to respond effectively to these changes, it is positively necessary of



understanding the past changes of marine environment and ecosystem and pre—
dicting the future changes. After a wide discussion, we have arrived at the con—
clusion that an ocean circulation—ecosystem coupled model is the best tool for
synoptic, spatio—temporal understanding and future projection of the essential
variables of marine ecosystem.

The goal of this study is to develop such a coupled model applicable to the seas
around Korea, and finally to develop and present a pilot atlas for the past changes of
marine environment and ecosystem, and a pilot atlas for the future change of them on

the probable scenarios.

III. Contents and scopes of the study

1. Study period

Jan. 01. 2015 - Dec. 31. 2017 (3 years)

2. Contents and scopes of the study

= Developing an ocean circulation—ecosystem coupled model for the seas around
Korea.

= Verifying and improving the model through comparison of the model results
and observed data.

= Building the river, open sea and sea surface boundary conditions through
analyzing the observed and reanalysis data.

= Understanding the past and present ecosystem variability in the seas around
Korea through analyzing the model results.

- Producing the seasonal mean field of the EVE (Essential Variables for

Ecosystem) for the past 30 years.

_Vi_



- Developing a pilot atlas of marine ecosystem change in the seas around
Korea for the past major period (every 10 years).
= Analyzing and understanding changes of boundary conditions on the scenario
of future environmental change.
- Evaluating the quality of global climate model data(CMIP5) and producing
scenario for the future change.
= Predicting the future ecosystem change in the seas around Korea on the
scenario of boundary condition change.
- Developing a pilot atlas for the future(2050s) changes of the essential

variables of ecosystem in the seas around Korea.

IV. Results

= Development of an ocean circulation—ecosystem coupled model for the seas
around Korea.

= Development of a pilot atlas of marine ecosystem change in the seas around
Korea for the past major period (past 30 years: 1981 ~2010).

= Development of a pilot atlas for the future(2050s) changes of marine
ecosystem in the seas around Korea on the scenario of future change of

Changjiang River discharge.

V. Application plans of the results of the study

The results of this study can be used for:
= (Continuous improvement and upgrade of the developed model through
comparison and verification using the observed dat.
= Preparing the next stage study based on the development of various future
change scenario and model result analysis methods.

= FEvaluating the marine environment and ecosystem change influenced by

- vii —



anthropogenic or natural factors.

Periodical diagnosis and future projection for the environmental and
ecosystem change in the seas around Korea.

Providing the scientific basis for policy—making on adaptation and response

to the future climate change.
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FEuEr TS el el st Al A MesAds Adska, 7FRE AdE e
o we I AYEE AAEY] Y =FE 33k A =3 (POLCOMS)—O}H*M

RS
FYP% By s 2 3, i 1 == & 2y, FEA L9
QoA e FFEZ AAR = GCOMS—KURO24 ogsaﬂ RS g FAA YE
KIOST-PML Lab& E3le] EYds 5, o]& o 7/, THdAZ 71& BYES 1te

= 8kl ATh(Zh=ral eyl =9, 2015).

POLCOMS—ERSEM Z¢EEL F=2 &His oz /e EFoAqAT, o
GCOMS(Global Coastal Ocean Modelling System; Holt et al., 2009) A7AFd9e <«
gtow F7F sl A A Ags) R ASks 427 P o o] HEPd B
@ o]t

POLCOMS+= Proudman Oceanographic Laboratory Coastal Ocean Modelling
System (Holt and James, 2001)¢] <=4 G g Zd A& Z7ts)]dAlEH
(National Oceanographic Centre, Liverpool)® ZA1?1 POL(Proudman Oceanographic
Laboratory)ol Al 7E® 321 33t & oltt, POLCOMSE 2E AxE %4

H

o2+ oletIheb(Arakawa) —B AAAAIE AFEShaL, 14 WFORE s—HEAE =
Aste]l Ak 7H4 B A=A (Boussinesq) 7HY Btell =EE WA S ¥
EPowAM, Ak B HHg sdu Asjete] doste Al Adstes AAH
N AR ok B thetAld A4S AT F YT HAE o
& 2E ool 2ol /NEHon, ERSEMI &2 A Rl w5 2adetrs
o siY REie A% %%% T AES TdE Zlo] SHoth AAH LR Wl
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[

and Burchard, 2005)3 d7Alsle] Hd GRSt RE5s F7HH o= o8& F )
&ilol St

ERSEM<& European Regional Seas Ecosystem Model(Baretta et al., 1995;
Blackford et al., 2004)°] =X @45 AXME9E vy 7B wdwa 533
NPZD(Nutrient, Phytoplankton, Zooplankton, Detritus) 7]%te] AElA =¥ = 3t
=4 1990 ol FHo EF S EA o= AT

ERSEM 7l el = Lﬂ HEFATA(NIOZ) S F BhellEt(Job Baretta) == G
ﬂ‘ﬂ’\ AMFAT A, 235N E 2ETE Sdko] =(Strathyclyde), oFHd (Aberdeen)
F =9 %PEAEEL(Hamburg) 2 dl 529 (0Oldenburg) Weh, divlz9o] AejA =
A, 283 29Qle] S8t ~35 A4 (CEAB, Blanes) 5°] #ostlem, EU
ZAE(ERSEM, 1990~1993; ERSEM II, 1993~1996)% A4S Hkqtt}
20009t E9] A= S 28] %A A (PML: Plymouth Marine Laboratory)ol A
Z o @ oBA #AYE ST gor T Bie TggE x4 mAd 4 9

" A& 312](Microbial loop), 13} 7Fsd G4 3H3t&FE (Stoichiometry), W5

§ BRAEL U 5L AT £ AT, AN ZIE FAL] Qi Aol

lH ot 2l
1o

#

g

7}

3l 9 WEE.?J ‘5‘>H"’oE Al Bgow e Hlen, ZT-AE 'SH%‘EE%(POM),

FEHA AU LG (FVCOM), FHEFHIEFE(NEMO) 534 22 vt g

& 3} gggoq, dete] A gs] L A AT o] de HgHa vt
Fig. 3—1—-1-1 POLCOMS—ERSEM A3 239 -z
olAe] A3t wpghel] o7t e T3 #F2 oy
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A Regional Marine System Model
based on POLCOMS and ERSEM coupled models

=

Pelagic Small
Rive

Ph
Inputs — % = . _—Flagellates
P s i
i T 7 ifilae
£ F i -
LG
rou

Hetero- Micro- Meso-
trophics, ooplanktog ooplanktop

POLCOMS

Fig. 3—1—1—1 Schematic diagram of POLCOMS—ERSEM coupled marine
system model.

gl A BAGS FEALLS Lok dFE AFetE At FEs =0l
71 A ol= whel sl 44 800 m7HAE ESetE 9] £Oo® 200 km HEE
g egsto] dAsklnr. offAl 3 o= S EIAl Aol F= o]FoA= 4
HE 238 2gstiME A=A & =< 5 I 8] Aol
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Fig. 3—1—-1-2 Model domain and bathymetry for the marine ecosystem
simulation for the East Asia.
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2 Ao A= 1981WHH 201097k 30 713 S kel fg di7)dA Y

AbEEta olo] EAIS EAEGT 7B A oZ 7| AAEHE ECMWFE—interim A
q

o

=
A1 A5 (ERA—interim; http:/www.ecmwf.int) & ©]83lo] 7], ti7|<d, AUlFE,
vhek, @ulEAbgE AulERAlR, %, deds S ool BE dF d4o] o
5 A gksivt

ERA—interim A5& A2ker 7] R3PL T255 spectral At (FASE Hol glo
U, 2y JE Aol sHA BeE 1% Ao uA| WEkste] 72, tir|Sk, v,
FhEE T2 64 HAe] ARE ARESlon, EAEY ¥ B TS d 7
A ke ARF Bgro R gHikeke] AR sl

7}, 71 &
1) AlA¥H=(Fig. 3—1-2—1, Table 3—-1—-2-1)

719 AH ¥E
Rt vom, xFEAAE sl vstal Auxrt wig- IA e T H A7
1ol Ve, Har]2 89 yepdoh
semale A5

e 2 el weiA Auair} v 22 ol el upE)
A2 1490l HA7)2, 8€o] Harr]o] yehdtt,
Al A" V1ol vE sl vsiM s storm did HAVee 14

rlo
filo
L =

Aurlee sgel Ue $eers Sea Ao 98d A4 2 Hw v

Rl A71E s,

Table 3—1—2—1 Statistics of surface air temperature(C) in the seas
around Korea from the ERA—interim data (1981~2010).

Region Annual Stapdqrd Lowest Highest

mean deviation (month) (month)
Yellow Sea 12.9 8.8 0.7 (01) 25.1 (08)
East China Sea 19.7 6.0 11.6 (01) 27.9 (08)
East Sea 10.1 85| —1.6 (01) 22.6 (08)
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Fig. 3—1—2—1 Monthly mean surface air temperature('C) field from the
ERA—interim climatology (1981 ~2010).

2) A dWM3H(Fig. 3—-1-2-2)

A A nst4 (EOF: Empirical
d& Fig. 3—1-2-29
L oolgel A AA e
of HajAl BH7]=o] FATES

sl 7)o AdwsE wr] 9l e
Orthogonal Function) #4]& 3l A1x=9] &
UeERATh Safe] F9- 3~5d9 Adwso] w3
U, dubxoz 1980dth7F 1990 thel 2000
& AT
TEHAE et v WEAS
A eI 19989 AFE BF7]0] M =3d s & Ak
sl /Tt AR v
el Al FulH ez 11 ¥ Zo] IA YEveE 5SS B
7 el AT ALRETE A e vEe & Hﬂ 88.5%, &&al7}

81.1%, 18] 3|7} 76.8%2 H U}

=2]
=
Eds

OJ

_28_



Alr Tem perutu re
42.09N — .

—88 567

39.0°N

s DO o T
e {Jj WY, \ WL\/ ]
360N nazs i
-1.3 .
s —
0585 -
3.0 e —3Q L L IR N Ll Ll Ll
"117.0°E 120.0°E 123.0%E 126.0°F 1580 1985 19490 1995 2000 2005 2010
056 3.0 T T T T : I

1EE 124°E 130°E 1980 1985 19390 1895 2000 2005 2010

S2eH

46°H

40N [T

34°H —3.0 o e by b e by b e b

129 154E 140°E o 1980 1985 1990 1995 2000 2005 2010

Fig. 3—1—-2-2 The first mode of empirical orthogonal function in each regional
sea: ERA—interim surface air temperature.
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Fig. 3—1—2—3 Monthly mean mean—sea—level pressure(hPa) field from the
ERA—interim climatology(1981~2010).

Table 3—1—2—2 Statistics of mean—sea—level pressure(hPa) in the seas
around Korea from the ERA—interim data (1981~2010).

Region Annual Stapde;rd Lowest Highest

mean deviation (month) (month)
Yellow Sea 1017.0 7.8 1005.4 (07) 1026.8 (01)
East China Sea 1015.1 6.2 1006.9 (08) 1022.9 (12)
East Sea 1014 4.0 1007.7 (07) 1018.2 (01)

2) AdW3(Fig. 3—-1—-2—4)
7123 wpz7FAl 2 ERA—interim W 7|4 A 5o tidt A2 w4

o
Fo AUNEAS setstudt sk el susiee 1990
Aoz 7|¢te] rgrom 2000t o] Ul ZolxE A7)
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Fig. 3—1—2—4 The first mode of empirical orthogonal function in each regional
sea: ERA—interim mean—sea—level pressure.
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1) AldW¥ 5 (Fig. 3—1—2-5, Table 3—1—2—2a, Table 3—1—2—2b)
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Table 3—1—2—3a Statistics of zonal wind(m/s) in the seas around Korea
from the ERA—interim data (1981 ~2010).

Region Annual Stapdz}rd Lowest Highest

mean deviation (month) (month)
Yellow Sea 0.58 0.89| —0.62 (08) 2.19 (12)
East China Sea —1.04 0.85 —2.63 (10) 0.21 (07)
East Sea 1.56 1.51 —0.31 (06) 3.76 (12)
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Table 3—1—2—3b Statistics of meridional wind(m/s) in the seas around
Korea from the ERA—interim data (1981 ~2010).

Region Annual Stapdard Lowest Highest

mean deviation (month) (month)
Yellow Sea —1.08 2.26 —-4.17 (01) 2.35 (07)
East China Sea -1.98 3.007 -5.39 (01) 3.18 (07)
East Sea -1.21 2.08| —4.56 (01) 1.28 (07)

WIND
MARIZZIT:

N

Fig. 3—1—2—5 Monthly mean 10m wind vectors in the seas around Korea
from the ERA—interim data (1981~2010).

2) 4dHs(Fig. 3—-1-2-6)

7} 20009 d] o] %ol AFAIGo] FAMA = HetE Btk dEIEe] Hede o
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sEade]l BANT 4o AUNEAS SETH RER AN g 2
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Fig. 3—1—2—6a The first mode of empirical orthogonal function in each
regional sea: ERA—interim 10m wind speed(zonal).
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Fig. 3—1—2—-6b The first mode of empirical orthogonal function in each
regional sea: ERA—interim 10m wind speed(meridional).
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Fig. 3—1—2—7 Monthly mean relative humidity(%) in the seas around Korea from
the ERA—interim data (1981~2010).

Table 3—1—2—4 Statistics of relative humidity(%) in the seas around Korea
from the ERA—interim data (1981~2010).

Region Annual Stapdgrd Lowest Highest

mean deviation (month) (month)
Yellow Sea 73.62 7.81 65.85 (12) 87.51 (07)
East China Sea 77.04 5.13 70.27 (12) 85.40 (06)
East Sea 75.45 7.24 68.35 (03) 87.36 (07)
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Fig. 3—1—2—-8 The first mode of empirical orthogonal function in each regional
sea: ERA—interim relative humidity.
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Fig. 3—1—2—9 Monthly mean shortwave radiation(W/m’) in the seas around Korea
from the ERA—interim data (1981~2010).



Table 3—1—2—5 Statistics of shortwave radiation(W/m’) in the seas around
Korea from the ERA—interim data (1981 ~2010).

Region | Annual mean Standard Lowest Highest
deviation (month) (month)
Yellow Sea 186.91 61.77 93.33 (12) 260.79 (05)
East China Sea 185.79 55.07 | 106.73 (12) | 263.55 (07)
East Sea 171.89 69.08 68.77 (12) 256.36 (06)

2) Ad¥H % (Fig. 3—-1-2-10)
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Fig. 3—1—-2—10 The first mode of empirical orthogonal function in each
regional sea: ERA—interim shortwave radiation.
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F o 3|7} 76.7%, =37} 57.4%, M7 46.6% = &
239 8 B gdAoR 1mEA A4S WEo] B4 Wk,

. 554

1) AAM=(Fig. 3—1-2—11, Table 3—-1—-2-6)

Y71V slgon HAE: guEAer oA guiEAG AR v)EE o
2e AYEelA w mEeA e 9Ew BEE wolu, ofgaed wu AL

of ¥ A n|7F F3sHA L}EMD}
gajlo] A AupEA S 316.87 W/moZ velgom, ALH HAzS 2¥9d
1+ 252.37 W/m', &4 F A%)c% 8¥H L 401.99 W/m'= e}
S AdHT FUHEAFS 370.52 W/mEA FeHts o
e 32771 W/, oEH H3Z3S 422.13 W/mez Adxjol7} v
M A A o2 AA vEerskt
s A HAuEAlES 307.42 WiEA T3 EoE Zar
Ak ALH HAARAGS 250.22 W/, o

CAEE AA
RN

s}afj e} H]Szsh
23 H3Lzke 387.31 W/m'=E eSS}

Table 3—1—2—6 Statistics of thermal radiation(W/m’) in the seas around
Korea from the ERA—interim data (1981 ~2010).

Region Annual Stapdz}rd Lowest Highest

mean deviation (month) (month)
Yellow Sea 316.87 55.39 252.37 (02) 401.99 (08)
East China Sea 370.52 35.73 327.71 (01) 422.13 (08)
East Sea 307.42 49.39 250.22 (02) 387.37 (08)
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Fig. 3—1—2—11 Monthly mean thermal radiation(W/m’) in the seas around Korea
from the ERA—interim data (1981~2010).

2) A A3 (Fig. 3—-1-2-12)
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Fig. 3—1—2-12 The first mode of empirical orthogonal function in each regional
sea: ERA—interim thermal radiation.

ERA—interim #AtR= ¥ 752 ¥ dwtdor AEHd won, oFdd= %
njo] o gko zml = Zlos yehgth A8t 50 ~ 602 A= TEel Yol 9 2111,
doAoZE Faf7t 2hal sE T e sl v skt

o] AHTF TS 50.91%% YEgow, 1090 A2 40.28%, 6Yol FHE
2l 61.07% = AZF Aol 7F Ay oz 32 o),

sl AT T 58.56%01H, AU 108 47.01%, XU 6€=
68.92% = eI} e th= wARE AZF xfol= M A o= e

_42_



12
of\
)
o
ity
(o
=

Zao) AFGH SHL 59.18% = A 3 A S 399 68.35%,

T
557N FSEP S5°N

aczB¥EEEIBRBF

azBH¥EREIBEA
Y

25°N
T I T T Iy Y M|
120°E 135°E 190°E 185°E 120°E 135°%E 130°E 165°E 120°E 135°E 150°E 1865°E

h
&

)
=

BB EEABIBEF

s EUBEIBABEA
aBBEEABIBRE

I T T T T N a o
120°E 135°E 15E 120°E 135°E 150°E ! 120°E 135°E 150°E 185°E

135°E 156°E 165°E

czHEEHBBIEBE

1

o
B0
0
L]
)
)
%0
»
=
0

a

55N RAY

wn
&

)
=

czHE¥EBRAERE
B
=3
3
=
r

26°N Bl =
1 1 1 L 1 1 1 1 1 o
120°E 135°E 15°E 165°E 120°E 135 1BAE 1465°E 120°E 135°E 154 165°E 120°E 135°E 150°E 165°E

Fig. 3—1—2—13 Monthly mean total cloud cover(%) in the seas around Korea from
the ERA—interim data (1981 ~2010).

Table 3—1—2—7 Statistics of total cloud cover(%) in the seas around Korea
from the ERA—interim data (1981~2010).

Region Annual Standard Lowest Highest

mean deviation (month) (month)
Yellow Sea 50.91 5.94 40.28 (10) 61.07 (06)
East China Sea 58.56 7.30 47.01 (10) 68.92 (06)
East Sea 59.18 8.23 68.35 (03) 87.36 (07)
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Fig. 3—1—2—15 Monthly mean total precipitation(mm/m’) in the seas around Korea
from the ERA—interim data (1981~2010).

Table 3—1—2—8 Statistics of total precipitation(mm/m*) in the seas around
Korea from ERA—interim data (1981~2010).

Region Annual Stapdgrd Lowest Highest

mean deviation (month) (month)
Yellow Sea 59.2 38.8 22.8 (01) 134.8 (07)
East China Sea 114.9 38.4 63.4 (12) 194.6 (06)
East Sea 77.3 17.3 54.3 (03) 106.9 (09)
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Fig. 3—1—2-16 The first mode of empirical orthogonal function in each regional
sea: ERA—interim total precipitation.
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Fig. 3—1—3—1 Surface temperature (left) and salinity (right) climatology of NOC—
NEMO 1/12 degree ocean circulation model.
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AN FES 7€ BN dAFFor 343719 sl HEHPA AES A o]
3170 8 &) s GRDC (Global Runoff Data Centre, http://www.bafg.de/
GRDC/EN/Home/homepage_node.html) € WHaks yjFoa A TEH o2
skl g =49 olfre EEo] stHdA WREHE ' B Y skl v 9zt
al7] wol] EEe BEAF ArE AFsta sk dHel o] R8s Sl 9

PR AR o golatAl 8] $lgelth

Table 3—1—4—1 Discharge data(m'/s) of top ten rivers for model river
boundary condition.

River/area Annual mean Lowest (month) Highest (month)
discharge discharge discharge
Changjiang 27,899 £ 12,549 11,151 (01) 44,562 (07)
Amur 9,561 = 6,816 1,359 (02) 18,710 (09)
Menjiang 1,270 + 784 472 (12) 2,678 (05)
Huanghe 1,393 £ 740 2,617 (01) 578 (09)
Fuchunjiang 925 + 416 370 (01) 1,477 (07)
Huai 836 = 573 292 (01) 1,893 (08)
Aprok 676 + 440 132 (02) 1,369 (08)
Uda 530 = 378 75 (02) 1,036 (09)
GHAASbasin829 511 £ 344 157 (01) 1,121 (08)
Hangang 509 + 408 140 (01) 1,266 (07)

Table 3—1-4—13} Fig. 3—1—-4—-1% A9 1070 o}ﬂoﬂ gk R SAXA
AARNEAS Jepd Rolth. F7el &% 49 107 %% U 63.25%2 2%
g AERE rAoln, o= 2 21.68%° T ‘JD}. et 5 yUwA sk W
F R 3% Wrom 1 ko] I off-E Frol] HlEjA iAo mnE A

2
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Fig. 3—1—4—1 Monthly river discharge of top ten rivers in the model domain.
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Model (srun506)

Chl-a from Satellite(OCCCIv2)

Fig. 3—1—6—1 Chlorophyll_a concentration from the OCCCI—v2 satellite data(left)

and that from the surface model result(right) (ex.: mean climatology in

January).
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Fig. 3—1—6—2 Comparison of monthly mean surface temperature(5m) from the

model with WOA13 data in the Yellow Sea.
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Fig. 3—2—2—4 Climatological mean field of the past 30 years(1981~2010)
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Fig. 3—2—2—-5 Climatological mean field of the past 30 years(1981~2010)
in the Yellow Sea — monthly mean surface nitrate(mmol N/m').
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Fig. 3—2—2—6 Climatological mean field of the past 30 years(1981~2010)
in the Yellow Sea — monthly mean surface silicate(mmol Si/m’).
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Fig. 3—2—2—7 Climatological mean field of the past 30 years(1981~2010)
in the Yellow Sea — monthly mean euphotic depth(m).
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Fig. 3—2—2—8 Climatological mean field of the past 30 years(1981~2010)
in the Yellow Sea — monthly mean surface chlorophyll_a(mg Chl/m’).
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Fig. 3—2—2-9 Climatological mean field of the past 30 years
(1981~2010) in the Yellow Sea — monthly mean depth of
Chlorophyll_a maximum(m).
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Fig. 3—2—2—10 Climatological mean field of the past 30 years (1981~2010)
in the East China Sea — monthly mean surface temperature(C).
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Fig. 3—2—2—11 Climatological mean field of the past 30 years (1981~2010)
in the East China Sea — monthly mean surface salinity(PSU).
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Fig. 3—2—2—-12 Climatological mean field of the past 30 years (1981 ~2010)
in the East China Sea — monthly mean mixed layer depth(m).
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Fig. 3—2—2—-13 Climatological mean field of the past 30 years (1981~2010)
in the East China Sea — monthly mean surface phosphate(mmol P/m’).
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Fig. 3—2—2—14 Climatological mean field of the past 30 years (1981 ~2010)
in the East China Sea — monthly mean surface nitrate(mmol N/m').
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Fig. 3—2—2—15 Climatological mean field of the past 30 years (1981~2010)
in the East China Sea - monthly mean surface silicate(mmol Si/m’).
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Fig. 3—2—2—-16 Climatological mean field of the past 30 years (1981~2010)
in the East China Sea - monthly mean euphotic depth(m).
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Fig. 3—2—2—17 Climatological mean field of the past 30 years (1981~2010)
in the East China Sea — monthly mean surface chlorophyll_a(mg Chl/m’).
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Fig. 3—2—2—-18 Climatological mean field of the past 30 years (1981 ~2010)
in the East China Sea — monthly mean depth of Chlorophyll_a
maximum(m).
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Fig. 3—2—2-19 Climatological mean field of the past 30 years(1981~2010)
in the East Sea - monthly mean surface temperature(C).
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Fig. 3—2—2—-20 Climatological mean field of the past 30 years(1981~2010)
in the East Sea - monthly mean surface salinity(PSU).
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Fig. 3—2—2—-21 Climatological mean field of the past 30 years(1981~2010)
in the East Sea — monthly mean mixed layer depth(m).
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Fig. 3—2—2—23 Climatological mean field of the past 30 years(1981~2010)
in the East Sea - monthly mean surface nitrate(mmol N/m').
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Fig. 3—2—2—-24 Climatological mean field of the past 30 years(1981~2010)
in the East Sea — monthly mean surface silicate(mmol Si/m’).
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Fig. 3—2—2—-25 Climatological mean field of the past 30 years(1981~2010)
in the East Sea — monthly mean euphotic depth(m).
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Fig. 3—2—2—26 Climatological mean field of the past 30 years(1981~2010)
in the East Sea — monthly mean surface chlorophyll_a(mg Chl/m').
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Fig. 3—2—2—-27 Climatological mean field of the past 30 years(1981~2010)
in the East Sea — monthly mean depth of Chlorophyll_a maximum(m).
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of present climate.

Table 3—3—1—1 A list of 23 CMIP5 models used for evaluating reproducibility

Narme Country Institution Resolution # of Vertical layers grid (lonXlat)

bee-csml1-1 China  Beijing Climate Center, China Meteorological Administarion 1°, 1/3*@equator Tripolar 40 360232

CanESM2 Canada [Canadian Cener for Climate Modelling and Analysis 56X192 40 256%192
Nominal 1° {1.125% in
CCSM4 USA LS National Centre for Atmospheric Research ongitude, 0.27-0.64" vanable 60 320X384
9!
n latitude)
[Nominal 1° (1125 in
CESM1-CAM5 UsA NSF-DOE-NCAR ongitude, 0.27-0.64° variable 60z 320X384
n latitude)
g
CMCC-CM Italy  [Centro Euro-Mediter-raneo per I Cambiamenti Climatici i ?::ESP?C&J? the 31 182X149
s . - E average, 0.5° at the
CMCC-CMS ltaly  [entro Euro-Mediter-raneo per | Cambiamenti Climatici uator{ORCAZ) ) 182X149
Lentre national de Recherches Meteoralogiques and Centre
CNRM-CM5 Italy  Europeen de Recherche et Formation Avancees en Cloul 7% on average ORCAL 42 3626292
Ecientifigue
. The grid is a tripolar
. Rueensland Climate Change Centre of Excellence and o o .
CSIRO-Mk3-6-0 Australl ICommonwealth Scientific and Industrial Research Organisation umlln_ear grid witha 1 i 192189
esolution, ORCAL
’ LASG (Institute of Atmaspheric Physies) - CESS(Tsinghua [1X1* with 0.5 meridional
- hi " b : .

FGOALS 92 China Liniversity) Hegree in the tropical region E 360X19
GFDL-ESM2G USA  MOAA Geophysical Fluid Dynamics Laboratory ® tripolar 360X 210063 63 360%210
GFDL-ESM2M Ush  NOAA Geophysical Fluid Dynamics Laboratory L° tripolar 360 X200L50 50 360X200

GISS-E2-R USA  NASA Goddard [nstitute for Space Studies USA ]i:,:::ﬁufixol'z? fangitud 32 288X180
1.875% in longitude by 1.25% in
13 HadGEM2-CC UK JUK Met Office Hadley Centre it 3G 360X216
1° by 1° between 30N/S and
he poles; meridional
14 HadGEM2-ES UK K Met Office Hadley Centre esolution in creases to 1/3° a 40 360%216
keh equater
X0.5% in longitude and
. . . . . atitude generalized spherical
15 inmem4 Russia  Russian Institute for Numerical Mathmetics Losedinates with polas 40 360X340
isplaced outside oeean
16 [PSL-CM5A-LR France [nstitut Pierre Siman Laplace %2-0.5° ORCA2 31 182%149
17 IPSL-CM5A-MR Fiance _[nstitut Pierre Simon Laplace PX2-0.5° ORCA3 31 162X14%
18 IPSL-CMSB-LR France  [nstitut Pierre Simon Laplace ¥2-0.5° ORCAS 31 182X149
Liniversity of Tokyo, National Institute for Environmental Studies, [L.4°(zonally]X0.5-
L MIROC-ESM S n Agency for Marine-Earth Science and Technology A°(meridionally) “ £
_ " niversity of Tokyo, National Institute for Environmental Studies, [L.4°(zonally)X0.5-
20| MIROC-ESM-CHEM lapan nd Japan Agency for Marine-Earth Science and Technology L.5*(mendionally) “ 256X192
21 MPI-ESM-LR Germany Max Planck Institute for Metesrology bverage 1.5° GR15 40 256X220
22 NorESM1-M Horway [Norwegian Climate Centre 1.125° along the equator 53 320%384
23 NorESm1-ME Norway [Norwegian Climate Centre L.126° along the equator 53 320X384

npx 7<) 2 CMIPS R 53 3
nlel o] Ee|HF AA| s ol A
MIROC—ESM, MIROC—ESM~-CHEM, NorESM1-—
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=A5te 28 3371E ARESESlH(Table 3—3—2—1).

Table 3—3—2—1 A list of CMIP5 models used for analysis of future change
in Changjiang River discharge.

Model ILD. Modeling Center Resolution
ACCESS]-0 Comm9nwealth SClel’lt.lfIC and Industrial Research 19°x1.2°
Organisation, Australia
bee—csml-1 Bel]lr}g Cllmate C‘enter(BCC),Chma Meteorological 980 % 2.8°
Administration,China
BNU-ESM GCESS,Beijing Normal University (BNU), China 2.8°x2.8°
. Canadian Centre for Climate Modelling and Analysis o .
CanESM2 (CCCma), Canada 28°x28
CCSM4 National Center for Atmospheric Research (NCAR), USA 1.3°x0.9°
CMCC-CM Centro Euro-Mediterraneo per i Cambiamenti (CMCC), 0.8°x0.8°
CMCC-CMS Italy 19°x1.9°
Centre National de Recherches Meteorologiques (CNRM),
B Meteo-France and Centre Europeen de Recherches et de o o
CNRM-CMb Formation Avancee en Calcul Scientifique (CERFACS), 147x14
France
Australian Commonwealth Scientific and Industrial
NG L Research Organization (CSIRO) Marine and Atmospheric R .
CSIRO-MK3-6-0 Research in collaboration with the Queensland Climate 197X 19
Change Centre of Excellence (QCCCE), Australia
. . Institute of Atmospheric Physics (IAP), Chinese Academy o 5
FGOALS-g2 of Sciences and Tsinghua University (THU), Chana 28°x30
FIO-ESM The First Institute of Oceanography (FIO), SOA, China 2.8°x2.8°
GFDL-CM3 . . .
CFDL_ESMIG [C}esoghyswal Fluid Dynamics Laboratory (GFDL), NOAA, 950 % 2.0°
GFDL-ESM2M
GISS-E2-H
GISS-E2-H-CC . . . o .
GISS 2 R Goddard Institute for Space Studies (GISS), NASA, USA 25°x2.0
GISS-E2-R-CC
HadGEM2-A0 Natlona-l Institute of Meteorological Research (NIMR), 19°x1.2°
Republic of Korea
HadGEM2-CC . . . 1.9°x1.2°
HadGEM2-ES Met Office Hadley Centre (MOHC), UK 19 x12°
inmem4 Institute for Numerical Mathematics (INM), Russia 2.0°x15°
IPSL-CM5A-LR 3.8°x1.9°
IPSL-CM5A-MR Institut Pierre Simon Laplace (IPSL), France 25°x1.3°
IPSL-CM5B-LR 3.8°x1.9°
MIROC-ESM Japan Agency for Marine-Earth Science and Technology 28° x 2.8°
MIROC-ESM-CHEM (JAMSTEC), Japan ’ ’
Atmosphere and Ocean Research Institute (AORI), The
University of Tokyo, National Institute for Environmental o o
MIROCS Studies (NIES), Japan Agency for Marine-Earth Science 147x 14
and Technology (JAMSTEC), Japan
MPI-ESM-LR . o oo
NMPLESM MR Max Planck Institute for Meteorology (MPI), Germany 1.9°x19
MRI-CGCM3 Meteorological Research Institute (MRI), Japan 1.1°x1.1°
NorESM1-M . . o o
NorESMI_ME Norwegian Climate Centre, Norway 25°x 19
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Fig. 3—3—2—2 Precipitation in the Datong area by CMIP5 model and
observation/reanalysis (mm/yr) (orange: present; green: future by rcp4.5
scenario; dark green: future by rcp8.5 scenario).
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Fig. 3—3—3—2 Change in the monthly mean surface temperature of
2050s compared to that of 2000s in the Yellow Sea.
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Fig. 3—3—3—3 Change in the monthly mean surface salinity of 2050s
compared to that of 2000s in the Yellow Sea.
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Fig. 3—3—3—4 Change in the monthly mean mixed layer depth of
2050s compared to that of 2000s in the Yellow Sea.
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Fig. 3—3—3—5 Change in the monthly mean surface phosphate of 2050s
compared to that of 2000s in the Yellow Sea.
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Fig. 3—3—3—6 Change in the monthly mean surface nitrate of 2050s
compared to that of 2000s in the Yellow Sea.
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Fig. 3—3—3—7 Change in the monthly mean surface silicate of 2050s
compared to that of 2000s in the Yellow Sea.
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Fig. 3—3—3—8 Change in the monthly mean euphotic depth of 2050s
compared to that of 2000s in the Yellow Sea.
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Fig. 3—3—3—9 Change in the monthly mean surface chlorophyll_a of
2050s compared to that of 2000s in the Yellow Sea.
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Fig. 3—3—3—10 Change in the monthly mean depth of chlorophyll
maximum of 2050s compared to that of 2000s in the Yellow Sea.
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Fig. 3—3—3—11 Change in the monthly mean surface temperature of
2050s compared to that of 2000s in the East China Sea.
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Fig. 3—3—3—12 Change in the monthly mean surface salinity of 2050s
compared to that of 2000s in the East China Sea.
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Fig. 3—3—3—13 Change in the monthly mean mixed layer depth of
2050s compared to that of 2000s in the East China Sea.
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Fig. 3—3—3—14 Change in the monthly mean surface phosphate of
2050s compared to that of 2000s in the East China Sea.
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Fig. 3—3—3—15 Change in the monthly mean surface nitrate of 2050s
compared to that of 2000s in the East China Sea.
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Fig. 3—3—3—16 Change in the monthly mean surface silicate of 2050s
compared to that of 2000s in the East China Sea.
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Fig. 3—3—3—17 Change in the monthly mean euphotic depth of 2050s
compared to that of 2000s in the East China Sea.
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Fig. 3—3—3—18 Change in the monthly mean surface chlorophyll_a of
2050s compared to that of 2000s in the East China Sea.
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Fig. 3—3—3—19 Change in the monthly mean depth of chlorophyll
maximum of 2050s compared to that of 2000s in the East China
Sea.
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Fig. 3—3—3—20 Change in the monthly mean surface temperature of
2050s compared to that of 2000s in the East Sea.
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Fig. 3—3—3—21 Change in the monthly mean surface salinity of 2050s

compared to the that of 2000s in the East Sea.
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Fig. 3—3—3—22 Change in the monthly mean mixed layer depth of
2050s compared to that of 2000s in the East Sea.
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Fig. 3—3—3—23 Change in the monthly mean surface phosphate of

2050s compared to that of 2000s in the East Sea.
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Fig. 3—3—3—24 Change in the monthly mean surface nitrate of 2050s
compared to that of 2000s in the East Sea.
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Fig. 3—3—3—25 Change in the monthly mean surface silicate of 2050s
compared to that of 2000s in the East Sea
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Fig. 3—3—3—26 Change in the monthly mean euphotic depth of 2050s
compared to that of 2000s in the East Sea.

—4

44°H

32°N
50°N

50°H

44N

S0°H
a40N

445N

38N

- 32°N 3zoN 32°N
128 134 140 128 134 140 128 134 140 128 134 140

1 T T T T 1
=05 -04 =03 =02 =01 015 025 035 045

Fig. 3—3—3—27 Change in the monthly mean surface chlorophyll_a of
2050s compared to that of 2000s in the East Sea.
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Fig. 3—3—3—28 Change in the monthly mean depth of chlorophyll
maximum of 2050s compared to that of 2000s in the East Sea.

4. A7 ET S7F AUEI 0] mE AEA dAEs vHEst A AdE
2 AolME o453 A4 FEFol dA(1981~2010) HiH] 30% S7HekeE
EH(ZOSOLNJM éﬂ‘?‘%‘ﬂé A SR Ad(d) Fadat g

5 AA oz AN T,
717orxﬂe_a 9 SiAAEAS AAE el ] gl Al o

B REeE g fEe]l dA2010dH) WiHl 30% S7FE AluE] L

- 121 -



upet JAskek v (20509 ) YA HHHFE G dFdgF o2 AA ST

40.5°N
39.0°N
375N

36.0°N

34.5°N N = L= 34.5°N = 345N
TE.D°E 121.0°E 124.0°E 118.0°E 121.0°E 124.0°E TMED°E 121.0°E 124.0°E

Fig. 3—3—4—1 Monthly mean surface temperature of 2050s(2051~2060%1)
in the Yellow Sea.
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Fig. 3—3—4—2 Monthly mean surface salinity of 2050s(2051~2060%) in
the Yellow Sea.
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Fig. 3—3—4—3 Monthly mean mixed layer depth of 2050s(2051~20601)
in the Yellow Sea.
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Fig. 3—3—4—4 Monthly mean surface phosphate of 2050s(2051~2060%)
in the Yellow Sea.
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Fig. 3—3—4—5 Monthly mean surface nitrate of 2050s(2051~2060%) in
the Yellow Sea.
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Fig. 3—3—4—6 Monthly mean surface silicate of 2050s(2051~2060%) in
the Yellow Sea.
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Fig. 3—3—4—7 Monthly mean euphotic depth of 2050s(2051~2060%) in
the Yellow Sea.
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Fig. 3—3—4—8 Monthly mean surface chlorophyll_a of 2050s
(2051~2060%1) in the Yellow Sea.

5N S — = 34.5°N
T18.0°E 121.0°E 124.0°E T18.0°E 121.0°E

40.5°N 40.5°N

38.0°N

39.0°N

37.5°N 37.5°N

26.0°N 38.0°N

AN 1 34.5°N 34,
1&8.0°E 121.0°E 124.0°E 118.0°E 121.0°E 124.0°E 118.0°E 121.0°E 124.0°E 118.0°E 121.0°E 124.0°E

H0.5°N

ST.5°N

30.0°N

345N == 345N 34.5°N == 34,5
TE.0°E 121.0°E 124.0°E 118.0°E 121.0°E 124.0°E 118.0°E 121.0°E 124.0°E 118.0°E 121.0°E 124.0°E

40.5°N 40.5°N

39.0°N 38.0°N 38.0°N I
37.5°N 375N

38.0°N 38.0°N

I4.5°N 4.5 34.5°N
118.0°E 121.0°E 124.0°E T18.0°E 121.0°E 124.0°E 118.0°E 121.0% 124.0°E

Fig. 3—3—4—9 Monthly mean depth of chlorophyll_a maximum of 2050s
(2051~2060%) in the Yellow Sea.
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Fig. 3—3—4—10 Monthly mean surface temperature of
2050s(2051~2060%1) in the East China Sea
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Fig. 3—3—4—11 Monthly mean surface salinity of 2050s(2051~2060%) in
the East China Sea.
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Fig. 3—3—4—12 Monthly mean mixed layer depth of 2050s(2051~2060)
in the East China Sea.
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Fig. 3—3—4—13 Monthly mean surface phosphate of 2050s(2051~2060%)
in the East China Sea.
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Fig. 3—3—4—14 Monthly mean surface nitrate of 2050s(2051~2060%) in
the East China Sea.
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Fig. 3—3—4—15 Monthly mean surface silicate of 2050s(2051~2060%) in
the East China Sea.
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Fig. 3—3—4—16 Monthly mean euphotic depth of 2050s(2051~2060%) in
the East China Sea.
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Fig. 3—3—4—17 Monthly mean surface chlorophyll_a of
2050s(2051~2060%1) in the East China Sea.
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Fig. 3—3—4—18 Monthly mean depth of chlorophyll_a maximum of
2050s(2051~2060%) in the East China Sea.
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Fig. 3—3—4—19 Monthly mean surface temperature of 2050s(2051~2060%1)
in the East Sea.
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Fig. 3—3—4—20 Monthly mean surface salinity of 2050s(2051~2060%) in
the East Sea.
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Fig. 3—3—4—21 Monthly mean mixed layer depth of 2050s(2051~2060%)
in the East Sea.
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Fig. 3—3—4—24 Monthly mean surface silicate of 2050s(2051~2060%) in
the East Sea.
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Fig. 3—3—4—25 Monthly mean euphotic depth of 2050s(2051~2060%1) in the
East Sea.
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Fig. 3—3—4—26 Monthly mean surface chlorophyll_a of 2050s(2051~20601)
in the East Sea.
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