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Projection of the Future Wave Climate Changes Over the Western North Pacific

Mg - 7] Frx - ARA - 1B
Jong Suk Park*, KiRyong Kang**, Hyun-Suk Kang* and Young-Hwa Kim*
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ool ule) s 7152 Ausisic 200712 SAsgde o Bt Fhe] @aluct vobd e Ao
e} 2 B frolshae Sl ARSIk Al 7)ol sl 2147) 2 b felska RCPas Alufeled

$ 2-7% 7HA3HIL, RCPBSS) A% 4-11% A% 7hAsts 20 Uekde, Fusjde] A9 folsta 2 %
Zo] WAlel WIS AT o2 AYHUTE AR BN A% ALA] FRFE o Fa v v%
S ashs AL 19l W, olBAe A5 HANBYIE BAuct S48 A0 ekt vleels oF
o ZESL 43 W Aow Anw,

A0 9 71, 7] v e, s 2

Abstract : This study projected the future ocean wave climate changes based on global climate change scenario
using the coupled climate model HadGEM2-AO according to the emission scenarios and using regional wave
model. Annual mean significant wave height (SWH) is linked closely to annual mean wind speed during the
forthcoming 21st Century. Because annual mean speed decreased in the western North Pacific, annual mean SWH
is projected to decrease in the future. The annual mean SWH decreases for the last 30 years of the 21st century
relative to the period 1971-2000 are 2~7% for RCP4.5 and 4~11% for RCP8.5, respectively. Also, extreme SWH
and wind speed are projected to decrease in the future. In terms of seasonal mean, winter extreme SWH shows
similar trend with annual extreme SWH; however, that of summer shows large increasing tendency compared with
current climate in the western North Pacific. Therefore, typhoon intensity in the future might be more severe in the
future climate.

Keywords : wave climate, climate change scenario, wave model

1. M 2 Agtelld 713971 S718I e (Wang and Swail, 2001;
Sasaki et al., 2005). Yong et al.(2008) o154 Fo}A|o}

IPCC 44} 7|93} 7hH 3A7} iy o] -2 7] s} 20 ofslR Qlsto] SelellA] Fstulo] 7Adkal, T
AU @ elollA o] ool thalA BAo] AFE 1 9l s3] Yo EaejEoke|A o] BlES] Zal olg)] =8t
oFf t71g) ek elel $5 9 3 FA wAAE T o) S R,

a7} uf9- F Q3 8-S SHoh(Hemer et al., 2012). 3/l $hA 7|5 wste] i m) o Al #ek A4-E0] T
1] 0&%16} AR 9 Ak Asle] FHedS B ¢ 8] X1 glom SAAR Wbl ofskAQl B o A
sto] 9k 7)5-5 olslistels W AT X3gE gl o o] o] o] Fof R a1 it} FAZRI WAl t)7] 9} o] FA
gt gjg7] 5ol sl oldll= 7] 5Rste] o)k n]e] A1 WAIE Fste] mHe] AR E YAteks Zlo® V)
< olslish=dl =85 FUK(Ster] et al., 1998; Cox and Frdo] Bska o) tat 714 9 Aabde] o] "o glx|uk
Swail 2001; Wang and Swail 2002). 19603 t)] o] ¢ 2 S| A= Zgo] FAz o3t xRz o] Atk EAdo] Qi o
FeFelA el AgE Feakare] FHuojgte] F7kekar, 22 7] SHAQ1 A WA e AHEICl, sdE)E Bl 7%
Zb B FA g oFoll A 2] Bl Fe] kR Qlsto] At iy do] sl R0 o] A5 AREE= Zlolnt. o] W
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AnE ol gato] A ATH2 v AP
ATEAAE TG B0 sl F4at 7o)
ulr J_y} Z7lelar, gsd ool A 7Hasls AS no|n] W
e s} el el A JTE B 4
M= T3 Feutart Wil e B3tk Mori et al.,
2010' Dobrymn et al., 2012). B=3F, O]% A-A}ef ol
folgka 9 ek wjeke] Wsks A|olo] el Ak A
o}ﬂ% oAl Bt SO ks W 2aue 2
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ek A AFAR1 9 7159 g
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2004; Wang and Swail, 2006; Cairesa et al., 2006;
Debernard et al., 2002; Debernard and Loed, 2008).
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A5(10m IE FAFF) SWAN(Simulationg WAves
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2] W w2 (2075-2100)01 thet A=]G-2] T 7155 A
0]’93\1:]'. o] Aol oJahd wEfelli= A= Bl e ol wht
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U313 Th. Graham et al. (2013)2 3709 A At 7]% 2
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7 sfet 2k o] 88lo] IPCC A2 Alute] 2ol uh Sed
Fellrde] Az Fefutare] disiM Agstalct. o] Aol

oJsh 9% 40°N of#fj2] A 9EolX= HAF SAH-2] H
%% S| F5 AR Qlste] ukgo] 7t 55lo] Liet
ot Q= 719 Rdlle] wpebs] Aot ofEA
EftTt.
 AFrelA = 71ES] ATERs @] IPCC 53k H7hE
TAelA AlEAl BAskE tlEE 7 E (Representative
Concentration Pathway, RCP)2] 2174 vlj& Alvtg] 2ol
< A AT 71593 AU AR E o] &sto] R
ooh’ﬂf\ﬂ«] vl S Adsiolrt. 53] s Ee] gk B
S o] gato] st FRleA 2] skt 7]19-2] WstE WY
8| A8 KA} skt

2. A Y

2.1 7|EH3E AlL2|2

SAVEATANE D 7183 sSe) AEe e
tf7] -3l ksl i-ellef 2 £e0] Ak Kl HadGEM2-
AO(The Hadley Centre Global Model
version 2-Coupled Atmosphere Ocean model)s %151
715 RsE Al @& AFESISITHNIMR, 2011). EH71‘3‘“9~
H7 8t g A Ao %“Jé 0% Arakawa-C 229} 912)4]
O = Charney-Phillips AAAAlE A3ttt 3 A2k A
2= oF 135 km(EAHE 1.875%, HEUE 1.255)0]aL, o
A0 385(H T ~38km)= TAE.

18601 2] 2417k g 17g3kal 2000 o Ast
= AlHAE Fato] AAT AR 3
g3} A7 5 <, AT}, SA AR} e
B FEAL, Sbgbe] ofgh Ak AAlE o= 3}
Adttt. HA7]S RAMIE S v AdEE &
RCP ZFAle ol wte} wjef dde] oish A4
(Baek et al,, 2012). RCP AJUE] 2.¢]l3= 4F0] glom,
7h A7 Ae] A3 AAHA 9= B9 RCP 8.5, 7
7 %92 7H 4 gl Al @ 99l RCP26 1213
£kl dhe A Ae] gt
i+ RCP 4.5/6.0°.% 7/dHt} & A7-ol4+= RCP 4.5/8.5
Ak 2.2 Abgsklt.

71505t AU @ AbRLs EEHAS ek Q1o wi
= AU QoA HE] 7]5 Hkgoll o] 277441 9] o] SAlE
o] 7]% &l Aol HAARl EEhg el 7]ofghth(Meehl
et al.,, 2007). webA & Aol ARk Sl VIS EE R
T3] BEAAS 7 AL Qo T wea el tist AR
7} o]Fo]xok st X< CMIPS(the phase five of the
Coupled Model Intercomparison Project)e]l Zoistal Q&=
HElEs o] gafo] KHe] 1o| Als W vl Aol tigh A
T7F @ks] X3 E 3 Qi

Colle et al. (2013) AT-eA= 15718 CMIPS 715 22l
S o83t HA Tl AEH 2uiA7Iske] Ty
NI B ] e A 4 REES sk A A

5ol HwE & o)1= Ak} o] o

Environment

3l 7152 dle] As
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T = [} =
7 Aol sk A o% Tad=e] 71T melo] 3
7158 AR £ A5 0ol T Yo B ol

AREERAL 91 HadGEM2 A€ 9] 7|13 d: Fsto) QE}
Mizuta (2012)= HadGEM?2 7] 52 H]E3 Ut 7|5

o] Hat slFH %9} A vk o] &-ato] 743*&«1
9—1:]]%17]07— H]—/Kg H] o) % %jUOLE]—O’]E]— __,1_/\11:/]1 oo0 o] _1_-?411:_01]
Al 2OA7]9ke] A Bl Frksh tiA ks EEl 11
el 7152 do] A QA st ol st A-Aw
£ EUE & Aol AR 7SR de v Bl vls}
o] yalPdee] RRA 71$Rig Aue] el Asol] Bt
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spelrte] e vhs Beha B A9l PejE wal
o o)gA Hate S Uehlls B4L 9w, 9, 957)
)3 shgo] A TR of2] 9] T Hel At 1314
At AR FEi= TS O] Ak o TP V2= 5
o] ke 23} Aol oJaiix xE, 1%, §1do] v vl
39K Sinusoidal wave)® F-al|3l0] BE AATES] U=
F710 Wb ehs 2 EY EA o R vERd = gl o]
3l A EZ] 7 ES o] &5l vt 2] Rele v AdE
g o|Ux)7} REATR= 7P4S 7|2 ugal o 7 ARgEl ik

LD+ 0) VEGO =S, 48+ S, ()

E(f,6): 22121 o d ] = Ed,
C(/) TEE, AR 5,

s 48 = T4 (Source Function),
Sl,,' ufgho]] 23t oA S71a)
S, w9 s 3re] njA °ﬂL A g,
Sy vHE, Aol &gt oy =] AAE)
Aol 2 3k AFEF] o= 2] HA| 2] MelEy
-4 5 (wave number group velocity) 2 3|5 &0l 2|31 o
y79] o7& "}E]r‘)'wr L% aPdEel st eux] L7 2
Tt A5 zre) vl dE oA wdk 1e|an wpE Sl o)t
ofyA] 228 yehditt, sl A9 ERS X5 W (6)
5 7= 23 o 7 sdshd E(f 6= E(f) - G, ) & LUE}
9 59, Gf, o= W BEFER H 2@k 2 cos’ T
T7Fde] ARETE =, 9k AFER Ef 0 oluA] HE
EWY G(f, 02 e 7 —E—E Far lear 7Hd gt

Ze05%(0), 16]<

T

G, 0=G(0) = @
0, |9|>;[

QIN

2 (1y& T 3EA| (Spherical coordinate) & & 3 o}
g 2lo] Rdlef X ARg-Hrt.

PE( 0.7, 1

ot cosg &
:Sin+Snl+Sd,s ¢ ¢

¢Ecosc9 —/1E+ afﬂf+ —HgE

b= cgcosé’+ Uy
R b

_ cgsin 0+ U,
Rcos@ °

. . ¢, tangcos @

Oy =60 4;¢
T

R: A7 R

Up: 5 W 92

U,: i 541 A&

Frolshat o4 2 ET AUl AEEH, e o
23} gk,

H, = 4,JE “4)

)

Tdlol WAVEWATCH-IIIE A}
galglon melo] oo A 115~150°E, Y% 20~50°N ©]
TH(Tolman, 2002d; 2002¢). 315 E219] 331 T+ AEE
A 1/12° 7HA 2] FHAEA 0w, AHEZ Q] AT
H 2257 0.0418 HoA 04114 HzZHA) 25712) 375 714
o, WeF B ST 105 (degree) ZFA O TH(Table 1). 574
ARG 7735 S8l ETOPO29] F4Ak=E o] 83iglom Tt
o] A o 7 Alg-w= vlEalE = HadGEM2-A00]
A AR ZFAC 2 AFEE 10m 129 VS AEE Barnes
A o7 vlgn dl Az atekedch

vt 7] HE7|7Ee 19712000 2] #A7]%, 2071-
21007141 2] m]e)7]+=2 ZF2} 30 a2 o] RCP Aluhe] @+
2%5(RCP4.5, RCP8.5)y o]-g3litt. 7 Aw7|7ke] 271732
a7} Qs et s delell A el =EAA A7) 9 2
7] H}a}_J /q]7] U_] 1:11-6‘1:—0— o]%g}oq /\JHEFAA /xg/\}g]_‘:_
‘Fetch-limited JONSWAP’ & ©]8-3}91 th(Hasselmann et al.,
1973). =&l Y2 02 o x| 7} dus]i=d] oF 2477 Y=
2 Q57] wite] Bo] e el o]2&= AR 129 4

S w e ) A3 =
FOCE

Table 1. Model description.
Model Code WAVEWATCHIII (version 2.22)
Model Coordinate Spherical Coordinate
Model Domain 115°E - 150°E, 20°N - 50°N
1/12° (421x361)

Spatial Resolution

First

Frequency Number of Number of
Frequency

) Increment Frequencies Directions
Spectral resolution ~ (Hz)

36
1.1 0.04118 25 (A0=10°)
'Pred1ct1on.& 6hour interval/30years
integrated time
Initial start Fetch-limited JONSWAP
Input data HadGEM2-AO
Spatial Intra- source
Time step Global propagation spectrum
information (sec) propagation
300 150 300 150
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2.3 IV |E 24
A7)} vl 7|l teliA 53 folvta AEE

2 13](00UTC) H2wict FE3191.0m v 30 =F=7t A8
Aklo] St Azpel|M o] Ak F 108007101, w Snirt 3
o =3 o 2e)a F50) A AR E ek
3, F S 7 ARPelA ] 10800 A=.2] S vlska =
Hike- 10800719) AkmE @82k o= vdato] 9979l
Hdsh= Amolth AFdE Aks= o5 7 ASHE Uil
or oFHE 627 8L/, ASHE 1297 1282
Wsleh. frejutare] @A) oin] vlel 715 wstel] sk FA
A f-204 oS A8 Wilcoxon =37 WHAlS AME-3)
Stk Wilcoxon =98 A4S 7 BEADS] SAAE 324
sh= o R W] 37 ANl AR s wEA]
e gl 7P gyl AREE BESA ARt
(Bhattacharyya and Johnson, 1977). 523, @A)7]$-¢} n] 7]
5o] At H3krelative change)E 71XHste] SA14 <1 -9
A= AATE A4 Mgl vlaskaat she e =
715 aefste] 7 7he] kel AtolE A Skt AR

2] Wsk(%)= 2(5)9F 2ol Pl

C, = Ve—Very 100 5)

o

25l Gz nel71ex= frelakaiel $45)2 vla tikd
ol BlaA] ket mgolx, okel i} ek el 712t vl
7159} AAZ1FE ey, Fastere] Mg e A
918 A1 (box-ploty ¥, @Al 715-2] Folsha
9] B8] 5= nlash] $15to] ERA-40 AREA] AARE AR
3F2Ath. ERA-40 A4 AF53= ECMWF 7] A7 o B
4ol [FS(Integrated Forecast System)2] 7] e & AE-51H
geo)7] AERAZ 1.5%1.5° FHAAA 2 A AT

3.4 1

3.1 8+ Ll 7| #Hel

mge] folutare] wisks dgstr]el oA dAl vt 7
Sofl dhet 2|7} A= AR N=A] A Fig, 12
A 71329 A o] 9hare} ERA-40 AEA A8 2] o
Hat Fo)9 a1 E Blwsk FlolthFig. 1a,b). &FAF #1715t
oJgt AR FL Yol 9] =& wharv) & vehe f-o]w)
119] REA el Zgko] ERA-40AREA AH8 ¢} v]SakA] B9

»
]

30N{

20N

40N{ T
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Fig. 1. Upper panels represent annual mean significant wave height
averaged over the current climate(a) and ERA-40(b). lower
panels represent seasonal extreme significant wave height
from current climate in DJF(c) and JJA(d).

ERA-40 AlEA A57F B F2] F&el] &3t 2 g s
2 5o)8kA] ¥3 Ay 2 ¥ QITk(Sterl and Caires, 2005).
Fig. 1914 ()9} (d)= EAI 715 diallo] sk mleA] 1
o3t Fetule] AEE £25 Jehd Zouh dntg oz
vkt e ASH 71991 A s A el whet Y
oA A A7|%e] A @Askal & skt Ay
& k50| £} o] gedollr 8 m o)) Z3tulo] el
] o] gt 9ja1o] AT} At dant M AlEH A
o HRlth ojFHole BFe FAR Ui el el
A 3ha17h A GERARE A RO 22 5m o))
Ta1E Holal Qik. e T i) o SR AL o
=etulgo] A vepdtt. S, A%yt oo e AeE
o] FEREES} FARH A ERTE AL S3tulge] ¢
A et

Frelvtas F450 WAl dEER v g7
A F4e] WMshs fro)utare] Wslel 244l ks 713
ZO% HQIth Fig. 29 (a)%} (b= @Al 7159 F5ell o
S mlE] F52] ARl wigke}l fo4 A5 AvE ek

Rolek, 34 e =T Dk 95%0l el A

AR F3E &gt} RCP4.5,
RCP8.5 B 0|28t Ao = So=r3llE vlEst BA1E%
Pl 9] #he Hof mleelli= dARt Fo) sl 2 A
o7 AT RCP4.5 Ale] 2.0] 79 3¢} s, 1
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23l 22°N el A $52 Msrt ALl §lom A o
o] & Ao wgelli= o) ke AEe] #
OJsHA YEFTE. RCP8.5 Alute] RollM= F-50] oFsls =
7Aool oS FElo] yeh] 2 7)uhe)l oA = 8% e
2 F%o] ofshd Aoz Hysisitt SElvEt el =

Fig. 29] (0)¢} (d) &= A3t rejatare] st Aoz mjzj
i+ kS Wik Aubd o F
&3} foutare st ARIAlE Ho| PR 450 Wshs &
o)utare] Wslol W), o] 22| 0% F8] Wt siatellx
ool S A6t 2 PARIE 7HRITHWMO, 1998).

S
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N
o U

SWH = 0.0246 x (wind speed)’ ©)

Debernard and Loed (2008) 17-ollA] ZJt el H3}-&-2
Fol| vlsl Fejakarrt oF 2nf) Y% A Rt 9kl
W ollA v E o] lskA| wan vpgto] F5e] v
aiA 71 7198 s A AL Stk 719 AT EAE S
3= 2102 HQIt}(Abdalla and Cavaler, 2002).

RCP 4.5 U] @.9] 739 FF=alls BlIEet A EE Y
oA 2~7%H %= A relstart oA oL, g-2uhet E3i
4l Gl F ol R 3% 5 stobd Zow AWegith &
el A €] o] gl A ake- ShA AT AR F5olx e A
S} s oo 2 nlElels F50] AsEA T o)1k

(b)

SN
gﬁcpa 5

20N

120E 130E 140E 150E 120E 130E 140E 150E

Fig. 2. Relative changes (in percent) between the future climate
and current climate. Gray background color denotes statis-
tical significant changes from the Wilcoxon rank-sum test
at 5% level. Annual mean wind speed base on RCP 4.5(a)
and RCP 8.5(b). Annual mean significant wave height base
on RCP 4.5(c) and RCP 8.5(d).

e FoA e AyE Bt o) foukae] Wit 45
of o]E=AY vk o, nigke] R|&HAIRE, HE AR el 2JEl
A AES ofulgith 2 ArellA YeRR= AT, &
aligtoll A ARt FAZE QA7) FA TS VERARE
RCP4.5 AU QoM = ARA Aoz Mdleh= Zls &
o18t 2= I3tk GRMA(2010)2] ¢17-o] oJahd Unkx o=
SElvEt FaleMs BAEAE A B 22 F50]
2 BAZAl vlsiA] ST AL W Fskart 1282
RS Ui webA vl Fllelrls F5ol o
skt shejels FEo] AEFAIGR Mkl uhet o) ukar
7} S7VHA] @ar 958 Hashs o] et Zog B
QIt}. Debernard and Loed (2008) Aol A & vl o] =}
7195 S A, 9] T dRbelA felghart 7k
= Aeko] Yep o w2 342 o7k 7181t o
AL EE AjHRZoll A&A 07 AFo] A HaL, AF

9l oz HAFAF AstEAA Feutarrt s
B Az st S, Aoy APF o7 dHor &
HRRI alijtelM= F52] ®ish} flolt F&o] Wi A9
olutar Wzlel] P 71Xtk B AASFIATE RCP8.5 Al
U] 2elA= dAllel vlaiA 4~11%Y % f-2)akarrt srobd
Zow Agem, FAA R {25k defo] RCP4.5¢] B3|
A ol ar A el WskE T A ek Th

32 S¢t iy 7= #s)

20N 20N

120E 130E 140E 150E 120[" 130E Y‘MOE - 150E
Fig. 3. Same as Fig. 2, but for extreme wind speed base on the

RCP4.5(a) and RCP8.5(b) and significant wave height base
on the RCP4.5(c) and RCP8.5(d).
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Fig. 4. Same as Fig. 2. but for seasonal extreme significant wave
height(JJA base on the RCP4.5(a), JJA base on the
RCP8.5(b), DIJF base on the RCP4.5(c), DJF base on the
RCP8.5(d)).

7F A 10% %= 7FAag Z10 7 Ho|H(Fig. 3¢) &1 Hif
o kL] Al Wstuch ghagko] o A yekkth
SAAA A oL T 55 vt Fa,
)AL BE o) @ AR A 55w sjejolg
o, At FovkaLe] A vha v A4S Holar 9
o 59 F50] A A F5 vz A4 715
HlalA oF 2~4% F = fHaskglont EAH 0% folgk
ool A T okt LIl Bt S vk S A
5 o

= AR, RCP4.5 AU 20 74-¢- A

ol AR E folst Yool FHlo] hash= A& &
QIeh = Q1AL st YEe] FF AR, IEal 05 =
ShS HITHFig. 4c,d). A 7152}

Hlwste] Hol 18% = AT 0% Hof A =3t 95z}
vlwsk o 2uf o] ThAsh= A0 vekgth ASH A
|52 Kol glof kA AFsh

o
k3
2
uy
o
)
ot
)
X
it
o
=
e

A s et =
T Atk AZH| Fetulgo] AT 2 HAFo] ofskd
Zow Holn, A 0w AZH RAF] Fr= FoH
o} A& Bt GRAE A7|te] o] wET Jiang and
Tian (2013) A0llA of2] 7]29] 7] §- R o] &35} ]
9] Foprlol A s A% A3 9% 25°N 9] HEo|
Al okslE Aow Adslgich 1 AQlo® dRAE A7]¢to]
%07 o) Yl ofsii 1l ghotAlolE BA-E e o R T}
EA 2= 2EAo|7} okslE]= Ao w AT SEtuk
o] Yeh= #3418 nigt WE & FEste] ASHe FA9

Fig. . Difference between the future climate based on the RCP 4.5
minus the current climate for extreme wind vector in
DJF(a) and JJA(b).

Aol v = At gl AEALL okrE 7t S7F
sk Zle &9 2 = AU TH(Fig. 5a).

= T ?E ‘/—F
ol24 T3 slare] 2 BAe Qo] B aoold Anl
715-ok vlad W Hef 12%2] SRhuio] St Holtk(Fig.

4a,b). ZE Gl A ST 3% HE AL A
=3 o] Skl Hal= A9 glow AA R folakA
94T}, Sasaki et al. (2005b) 9} Sasaki and Hibiya (2007)
Aol G HE soelM o5 SR Sk 7
St ESol G FUE 713 WA wo] lrkar vk

a1, 2HstE Qlate] A HA g el A e BiFe] Wl
Lol it AT folaH STkt A At
Th(Stowasser et al., 2007). TWekA] Dt 5% d| oA o] F
A Fetubo] S7he] U B2 ot Ao R vy
w A =5k gpigo] Fhashs Ak vk o F-el 3o
7z 2 dA R v o] v A3tE e As

%
ol

B4 BETe L S tet Falere) St @
B g-0] At BlEo] sobro} ofF Eeel| &gt A
FEE A LA Ut 53] Fafle tiEel LAk
2Jo] ke X2 Ql EF o7 o5 H I3yl gjFo] ©
St IR Foprlol Ezol| oJst FEAIge] AdE T ¥
#o] th. AHhA 07 Fopro} S vkt 798k o
ago] ME Az Age] e etk Ao w Wgidel
S At Al EEAlsit) HT B2 ATEelME T
5 ol 43t g o dAgshs A9t
Wil (Dabang and Huijun, 2005; Ding et al., 2007; Bueh,
2003; Chen et al.2012). =3}, Li et al. (2010) -4 +=
vjgell= 28R Qlato] Foprlol o F o] sk W
k= Al “sobrlol ofF E5=e] SIAI7F Eeleiths 2le Al
AlBFATh WA Yong et al. (2008) 17~ 23 Folxjo}
T8 ofgE Qlato] HA1F-e] ohte ) i gato] gefjel
A SRl ZAaehe Awsglth RCP4.5 AU 2.9 &
A 7150l o5 Setake] yeldd #1349 vighae =
FE3to] ApolE A K ITH(Fig. 5b). FallF-LellA HA1F

i)

o i Lo ) ol



715 ste] whe S el A o vl vk A 273

@)

6
- . s
Es
= EE =m
% H
(/] 4 b
£
g
* 3
w
2 . . .
Ctrl RCP4.5 RCP8.5
(b)
6

a

“s B

Extreme SWH (m)
w IS

Ctrl RCP4.5 RCP8.5

Fig. 6. Box plots of the current period(Ctrl) and future base on the
RCP4.5 and RCP8.5 for extreme significant wave height
change in DJF(a) and JJA(b).

o] o7} et Al s slels] a9 ] ot
7F 550 et vlgoli= o539 WA Aldso] thas of
stE A S35 F50] ofste Zlow FAdH

RCP 8.5 AlLp2]2.9] 49~ =3 32 ©F 10% F= fia
ahm, AlE o) ofolo] s-ejuiete] Fall, Ut wallt 1
2 FF=El el ow b sk vk 58 S50 4
¥ RCP4.5 Alu2] 2.8} H]5z8t A2l Wigke-S Hof 93]
& At Sl vlslA o Aehs BES BT 95%
o|ake] AE| L Jod e RCP4.5 AlLkE] 2o HaiA tha g
H AFE Hola glom Y Ul B dlitel|A] FAIA
o=z 09/]{5]_ %l__o_ y_oﬂ;]_

Aol w2 A} vl o] SEutEe] A WEsdS A
HSktHFig. 6). A2 AAfel vlsiA wlEhe] Sstuta
Hato] tha HopA| il A tﬁ%‘éE Th Fol5 Z1o® Hel
Tk RCP4.5 Alue] 2.0] 75 of F--el| 2] ukare] Fatgto]
7k b, A s ffﬂZHOH H A ZropA]= s B

T,

° 1o 4

°]aL 3lTh. RCP8.5 Alute] 2.0] 739 A 7] 5K} Fsto]
S7heIslaL WE 5 vl A, vl o] o] o WEo] vl
_ClL )\1?51- 74 o7 x—]u}-g];]_

A7) A 9k vlfellis BAMERE S TR

o

ot 4l 23} gldo] ks A o7 AE Tt o]
kol RIS AR flate] AA 7158} v 7]%-2] %
S 719ke] ol BTk Fig. 7). @A7IF vlaA

o fﬂ
FS,J oY r2

50N

40N A

30N/~

20N

120E 130€ 140E 150E

Fig. 7. Difference between the future climate based on the RCP 4.5
minus the current climate for mean sea level pressure(hPa).

RCP4.5 A ute] 2ol <l Gt si7]So] F9meln= &
7K} 0.8 hPa o] 4h)ahal a9l el A 7hax(ek 1 hPa o4
Ao % Al o] 2

7 o|%s /\EEF/‘LE 13}0] 3191 52] A ofellA] 2719}
A #3ho] S7teke A ATHE th(Meehl et al., 2007). 4

S0 % wjafelie 2EEee] e o] el Slajo] HAElT
ool M| atEe] okl ool meb felshi ok

[
LR ARI A o 2 A=
4. 22 U E9|

AollM= 2A7IA wiE Alue| ol wE A A5 7]

st AU 2 AFRE o] gsto] 21A1712e] de T &
= BIES BAEE ] 9755 A Bt 341
gt R Rl WAVEWATCH-III £ ©]8-31%l1, 992 9%
20-50°N, A% 115~150°Ee|th. 227k A7 2ol w2 2
ZF(RCP4.5, RCP8.5)2] v]&f Alvke] e AFa et dA) 715
ojaliA 22t 30 RS kgl o, s Asae vt
E‘]—U 1:413] ol Oﬂoﬂ Eﬂ—}ﬂ 'r F}A q_] Llﬁi LH/\]—sl_oq /\]__g_o]_oﬂ
ok 217188 At ol vkale At 5 UAs B
AS B30 sl 9 BAETE el A F550]
Aol vlafiA] wold Zlog AdEon 1o uke} OdJé
T vt WA AgE It RCP4.5 Alv2] 291 RCP8.S
Alvbe] 2.9 Adke v]52ek9lar, RCP8.5 Alue] 2.2 Awr}
O ZFshAl vEbsitt. olef st Av= mlgols S5 A5
o] AojA|1l FEO R o] gdhs AFE R Qlato] 9%
Ao A7 =gto] Frtshs A o] Q= AL
2 HY A3A o7 njfoll= AFEH I35k o]Fof 9
slo] JAEE ol 9] el d-go] oFeliA| oL o]of whbA 4]
% ok A= FoE Akt

to rE re

KL _19, ot



274 U - 7%

[e] O

o
s
1%
z
iin)
K
2
L
m}&
=
A
o
o0
n
>
g
e
23
Of
o g
0,
=2

P1F R AP AR 715

R®7} #HQ3(Robinson and Finkelstein,
1991). @A AAF 7]} Bell AdE QIEAER 5ol
Ao 71 BEE aslel Aolitmel e A9 gl

e mEse] 71FARE Qi FRE: 7Pl e B

o 1F 54
2 olg@ Wast Ye How AuAY

AL =

B AT 7P AR AT A TR S AR
7149 2 FEATH(NIMR-2012-B-3)” 2] Qgto 7 4=3)
= glom, AXT 715t AuE] e AkmE Als] A T
H7PdAT A7 FAT o ZATEH Y

3k
rot

b=

Abdalla, S. and Cavaleri, L. (2002). Effect of wind variability and
variable air density on wave modeling. J. Geophys. Res.,
107(C7), 17-1.

Baek, H.-1., Lee, J., Lee, H.-S., Cho, C., Kwon, W.-T., Marzin, C.,
Hyun, Y.-K., Gan, S.-Y., Kim, M.-J., Choi, D.-H., Lee, J., Lee,
J., Boo, K.-O., Kang, H.-S. and Byun, Y.-H. (2012). Climate
change in the 21st century simulated by HadGEM2-AO under
Representative Concentration Pathways, Asia-Pacific Journal of
Atmospheric Sciences, in revision.

Bhattacharyya, GK. and Johnson, R.A. (1977). Statistical concepts
and methods. New York:Wiley.

Boldingh Debernard, J. and Petter Roed, L. (2008). Future wind,
wave and storm surge climate in the Northern Seas: A revisit.
Tellus A, 60(3), 427-438.

Bueh, C. (2003). Simulation of the future change of East Asian
monsoon climate using the [PCC SRES A2 and B2 scenarios.
Chin. Sci. Bull., 48, 1024-1030.

Cairesa, S., Swailb, V.R. and Wang, X.L. (2006). Projection and
analysis of extreme wave climate. J. Climate, 19, 5581-5605.

A - sl

Chen, H.P,, Sun J.Q. and Chen, X.L. (2012). The projection and
uncertainty analysis of summer precipitation in China and the
variations of associated atmospheric circulation field (in Chi-
nese). Climatic and Environmental Research, 17(12), 171-183.

Colle, B.A., Zhang, Z., Lombardo, K.A., Chang, E., Liu, P. and
Zhang, M. (2013). Historical evaluation and future prediction of
eastern North America and western Atlantic extratropical
cyclones in the CMIP5 models during the cool season. Journal
of Climate, (2013).

Cox, A.T. and Swail, V.R. (2001). A global wave hindcast over the
period 1958-1997: Validation and climate assessment. J. Geo-
phys. Res.:Oceans(1978-2012), 106(C2), 2313-2329.

Dabang, J. and Huijun, W. (2005). Natural interdecadal weakening
of East Asian summer monsoon in the late 20th century. Chin.
Sci. Bull., 50(17), 1923-1929.

Debernard, J., Saetra, O. and Roed, L.P. (2002). Future wind, wave
and storm surge climate in the northern North Atlantic. Clim.
Res. 23, 39-49.

Ding, Y.H., Ren, GY., Zhao Z.C., Xu Y., Luo Y,, Li Q. and Zhang
J. (2007). Detection, causes and projection of climate change
over China: An overview of recent progress. Adv. Atmos. Sci.,
24, 954-971.

Dobrynin, M., Murawsky, J. and Yang, S. (2012). Evolution of the
global wind wave climate in CMIP5 experiments, Geophys.
Res. Lett., 39(18).

Graham, N.E., Cayan, D.R., Bromirski, P.D. and Flick, R.E. (2013).
Multi-model projections of twenty-first century North Pacific
winter wave climate under the IPCC A2 scenario. Climate
Dynamics, 1-26.

GRMA (2010), The wave Characteristic analysis in the coast of
east sea. Gangwon Regional Meteorological Administration
Giorgi, F. and Mearns, L.O. (1991). Approaches to the simulation
of regional climate change: a review. Reviews of Geophysis,

29(2), 191-216.

Hasselmann, K., Barnett, T.P., Bouws, E., Carison, H., Cartwright,
D.E., Enke, K., Ewing, J.A., Gienapp, H., Hasselmann, D.E.,
Kruseman, P., Meerburg, A., Muller, P., Olbers, D.J., Richter,
K., Sell, W. and Walden, H. (1973). Measurements of wind-
wave growth and swell decay during the Joint North Sea Wave
Project(JONSWAP). Deut. Hydrogr. Z., A(8).

Hemer, M.A., Wang, X.L., Weisse, R. and Swail, V.R. (2012).
Advancing wind-waves climate science: The COWCLIP
project. Bulletine of the American Meteorological Society,
93(6), 791-796.

Jiang, D. and Tian, Z. (2013). East Asian monsoon changes for the
21st century: Results of CMIP3 and CMIP5 models. Chinese
Science Bulletin,1-9.

Li, J., Wu, Z., Jiang, Z. and He, J. (2010). Can Global Warming
Strengthen the East Asian Summer Monsoon?. J. Climate, 23,
6696-6705.

Lo, J.C.F, Yang, Z.L. and Pielke, R.A. (2008). Assessment of three
dynmical climate downscaling methods using the Weather
Research and Forecationg(WRF) model. Journal of Geophysical



P1Fsle) T BAEgNA ve) 1 A 275

Research: Atmospheres (1984-2012),113(D9).

Meehl, GA., Stocker, T.F., Collins, W.D., Friedlingstein, P., Gaye,
A.T., Gregory, J.M., Kitoh, A., Knutti, R., Murphy, J.M., Noda,
A., Raper, S.C.B., Watterson, 1.G., Weaver, A.J. and Zhao, Z.-C.
(2007). Global Climate Projections. In: Climate Change 2007:
The Physical Science Basis. Contribution of Working Group I to
the Fourth Assessment Report of the Intergovernmental Panel
on Climate Change [Solomon, S., Qin, D., Manning, M., Chen,
Z., Marquis, M., Averyt, K.B., Tignor M. and Miller H.L.
(eds.)]. Cambridge University Press, Cambridge, United King-
dom and New York, NY, USA.

Mizuta, R. (2012). Intensification of extratropical cyclones associ-
ated with the polar jet change in the CMIP5 global warming
projections. Geophysical Research Letters, 39(19).

Mori, N., Yasuda, T., Mase, H., Tom, T. and Oku, Y. (2010). Pro-
jection of extreme wave climate change under the global warm-
ing, Hydrological Research Letters, 4, 15-19.

NIMR (2011), Report on climate changes scenario for the IPCC
Fifth Assessment Report. National Institute of Meteorological
Research

Sasaki, W., Iwasaki, S.I., Matsuura, T., lizuka, S. and Watabe, 1.
(2005). Changes in wave climate off Hiratsuka, Japan, as
affected by storm activity over the western North Pacific. J.
Geophys. Res., 110(C9), C09008.

Sterl, A., Komen, GJ. and Cotton, P.D. (1998). Fifteen years of glo-
bal wave hindcasts using winds from the European Centre for
Medium-range Weather Forecasts reanalysis: validating the
reanalyzed winds and assessing the wave climate. J. Geophys.
Res.:Oceans(1978-2012), 103 (C3), 5477-5492.

Sterl, A. and Caires, S. (2005). Climatology, variability and
extrema of ocean waves: The web-based KNMI/ERA-40 wave
atlas. Int. J. Climatology, 25(7), 963-977.

Tolman, H.L. (2002d). Testing of WAVEWATCH III version 2.22

in NCEP's NWW3 ocean wave model suite. Tech. Note 214,
NOAA/NWS/NCEP/OMB, 99pp.

Tolman, H.L. (2002¢). User manual and system documentation of
WAVEWATCH-III version 2.22. Tech. Note 222, NOAA/NWS/
NCEP/MMARB, 133pp.

Wang, X.L. and Swail, V.R. (2001). Changes of extreme wave
heights in Northern Hemisphere oceans and related atmospheric
circulation regimes. J. Climate, 14(10), 2204-2221.

Wang, X.L. and Swail, V.R. (2002). Trends of Atlantic wave
extremes as simulated in a 40-year wave hindcast using kine-
matically reanalyzed wind fields. Journal of climate, 15(9),
1020-1034.

Wang, X.L., Zwiers, F.W. and Swail, V.R. (2004). North Atlantic
Ocean wave climate change scenarios for the twenty-first cen-
tury. J. Climate, 17(12), 2368-2383.

Wang, X.L. and Swail V.R. (2006). Historical and possible future
changes of wave heights in Northern Hemisphere oceans.
Atmosphere-Ocean Interactions, 2, 240.

WMO (1998). Guide to Wave Analysis and Forecasting. World
Meteorological Organization. WMO-No. 702.

Yong, H., Baoshu, Y., Perrie, W. and Yijun, H. (2008). Responses
of summertime extreme wave heights to local climate variations
in the East China Sea. Journal of Geophysical Research:
Oceans(1978-2012),113(C9).

QAT 20139 7€ 24
FEAE: 20139 82 264 (1%

2013 9€ 13¥42Ah
AAEEL: 20133 92 169




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


