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Future Changes in Atmosphere Teleconnection over East Asia and
North Pacific associated with ENSO in CMIP5 Models

Kim, Sunyong and Kug, Jong-Seong'r

School of Environmental Science and Engineering, Pohang University of Science and Technology (POSTECH), Pohang, Korea

ABSTRACT

The changes in the teleconnection associated with El Nifio-Southern Oscillation (ENSO) over the East Asia and
North Pacific under greenhouse warming are analyzed herein by comparing the Historical run (1970/1971~1999/2000)
and the Representative Concentration Pathway (RCP) 4.5 run with 31 climate models, participated in the Coupled
Model Intercomparison Project Phase 5 (CMIP5). It is found that CMIP5 models have diverse systematic errors in
simulating the ENSO teleconnection pattern from model to model. Therefore, we select 21 models based on the
models’ performance in simulating teleconnection pattern in the present climate. It is shown that CMIP5 models
tend to project an overall weaker teleconnection pattern associated with ENSO over East Asia in the future climate
than that in the present climate. It can be also noted that the cyclonic flow over the North Pacific is weakened
and shifted eastward. However, uncertainties for the ENSO teleconnection changes still exist, suggesting that much
consistent agreements on this future teleconnections associated with ENSO should be taken in a further study.
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Arfeg oA A= A k- 5(El Nifio-Southern
Oscillation; ENSO)2 XA oA &El= 71 & 2o 7]
FuEAoR AXNTA 714 8 7)) dRe vAE A
o2 dHA QIck(Bjerknes, 1969; Horel and Wallace, 1981).
3], o) Moz ole Arjee) shewewe] W

HASES Bl S91=2] thr]egtol] F32 FrhHorel
and Wallave, 1981; Hoskins and Karoly, 1981; Trenberth et
al., 1998; Wang and Fu, 2000; Wang et al., 2000; Kug et al.,
2010). A F7HA] FoPAoME HIESt] HEjE ] Ad 7]
FAEo] 2 - PR G i Aufiee] ofotael 3}

“goll s w2 A7F A3 o] SickNitta, 1987; Kang and

Am

flo

Jeong, 1996; Hoerling et al., 1997, Wang and Fu, 2000; Wang
and An, 2001; Blade et al., 2008; Son et al., 2014; Zhou et
al., 2014a, Kim et al., 2015). ZZoll= Ay dA} Ay
A2 :(teleconnection)of] U2 = |- Heke] o] Ht
A7) s RsYEal QItiMeehl and Teng, 2007; Muller
and Roeckner, 2008; Kug et al, 2010; Bulic et al, 2012;
Stevenson, 2012; Zhou et al., 2014b; Cai et al., 2015). 7]
Shol| WsE AEZE FHOJA|(IPCC, Intergovernmental Panel on
Climate Change)®] 5} H7}EI1A(ARS, Fifth Assessment
Report)of] oJshH 2|72 d3lo] o3t 7|5 sk= o 3] 2
S 7L Qlok RER ool HYEAE 9
nle 7] 5ol Attt 718l Ayieo] HsAda) = QL
gt 7l WsS AYske Aol Sasith
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AlG7HA] ol dus =EHA] Fekar qlek dF A
TollAs HRPAAS F8l, nlE7Isol A FEiE g
opwue]7t $05p] uhgel, 1 At s} B
A TS oA B0 o] ERITETL A|Fel{rHMeehl and
Teng, 2007; Kug et al., 2010; Stevenson, 2012; Zhou et al.,
2014b; Cai et al., 2015). BFo] WY Ato|x= 2213t
ol ofal A AZATo] BRI Fok vl 2k ol
2}al A3t (Muller and Roeckner, 2008; Schneider ef al.,
2009; Bulic et al., 2012). Schneider et al.(2009)= =& A]
Sl FA71 v r]FoA Ay ARG 24
i1, uhE 5 Z22(wave activity flux) 4= F5
£ HSIt} nlEr)So) ubE 2E 920 Ao
Alofl it Pezt o] -5 AABHA] SSkAA|NE, DA
E5(transient eddy activity)2] YAY 7A=2] HslR Q1
5 7R AIsIck oo 2ol vjarie] Az »
® of2e duoln g E, magte] Wabrh 27 veh
oh TR CEuEe olge S Anks B ok
& ZojuiA] Ak A4 mojol] gt wae] A
A5 Folet| Egol 2 Zow i

H Lo A= CMIP5(Coupled Model Intercomparison Pro-
ject Phase 5) 317} m&& ARGSIo] Ao} THAE FObA|
oleh Helgael ALH o/l WES Agelsich S,
nlef7] 5 Aol it S E0l7] fls BSAEe}
A FA7| S5 Hofshs R ES A7gsto], ollA
Lo AR 7|5} n 7S5 Bl 2o A= A
o] ARg-E CMIPS g 4 HSAtgof| tfsto] Argsiqlct. 3
olA= o] HatAQl AU sofalote} FejE k] of
71k ROl deS UE AL, 4dolis mll7] oA
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ol
N4 ore T

e

g H
ob 34 o o
fr 2 ¥ o

Fﬁ’\ﬁé

=z

‘
o_tc[‘_\;éri_ﬂ

o

ron

Ll

2. Xz H 2

2.1 CMIP5 28

£ Aol 7| 5uslel] ek 47k POlH(PCC, In-
tergovernmental Panel on Climate Change)®] 52} H7}& 114
(ARS, Fifth Assessment Report)o] 2Fodgt 317]2] CMIP5S =
Bo] g A0S gtk BrRIA) T clRt £
719] A% 7}e), 371713 5oJAI%Historical run)7} RCP4.S
o] ] A AlUR|eE o]8sto] Fofaotel HEjH e
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718 s Blasiiich BA7] S ROl S 22
H et 22 Aol gk AAH-sdat Qs
of ot WEAS Eslal 9L, 18501 HE 2005 7HA] 4
SY=|lck RCP4.59] 7%, 21417] E7ER] HAPFA|Ho] 4.5
wm'e] Egsh= Alute]olH, 20065E 2100E7H4] 2
B3}t Taylor ef al, 2012). & 2 oJAE o] H|wE ¢Jaf 1
W] e R lilpl)= ARESEloH, EAlo| ARERE 71xE
2 FA713(1970/1971 ~1999/2000), w]2}|7]1542070/2071 ~
2099/2100) 77} 30 o]tk Ky u|2f7|$ A= o] 3HA| uf
ol 30d9hS B4 ATE 309 9] 7172 H3e] ENSO X
o] £ tistst=tl A7} 9l 4= QAT Wittenberg, 2009).
SHARE 2 ¢t oF o) ARdNke HU|HT ofy] By
o] A}l W3} kS K| uiitol ofg 71X By Auks
Hshks oA o]t EAl= ¢k 4= & Aoltt A}
23k mgof gk AlFARS2 Table 10 UERIct. €4 3
e HF2T, 500 A|9|aLE 1] ar viebtS ARESIl o,
WS} U V=R ks flsl 2] REES 2.5°
x2.5°9] Axl= A% Ylik(interpolation)sHit. AU ke A2k
o] Ad BEAdS A EIA; Ry o] U 7] 3 (clima-
tology)™} A7|3A|(trend)7} A|AE 7HS ARESFITH

Aujxeo} petsl di7)4et Mgl gt CMIPS A Re)
[e) [e]

AZE Y3l ¥ H++E NCEP/NCAR(the National Centers for
Environmental Prediction/the National Center for Atmospheric
Research) A A}& (Kalnay et al., 1996)5 ARE3IACE A
Axo] e Fi AR EReEe) MERS A
R 7] 93] ¥ H+t Extended Reconstructed Sea Surface Tem-
perature version 3(ERSST.v3d; Smith et al, 2008)5 AME-5}
Slom, Hlol ALGE ARARRES 217t 2.5°9) =0} 4
T2 7} B 1979/1980W R E] 2013/2014E714] 35
W] 7I7lo] AGEIIT, B 75T A )R A

7= et

|0
e

3. B9l HAYHE 9o

A]hech PRAH Fobrlotol HehBope] ALH o)t
el A7) 98, BT BA7IFOIA Ninodd 458
500 A 1S} vyl SRSt} vlmslsict @A)
F2 Uehe 3040 BYSS A2 RS s
wojsl] o] mopse ABAOR Bk 4 ¢laL, 1




Table 1. List of the model from the CMIP5 archives,
with respective institutes used in this study

CMIPS HHOIM LIEHt HEE SOFAIOIR SEfERY X|Fe| AL |x HZao| o)y

Model ri\t/ll;(li)zlr Institute, County
bee-csml-1 1 BCC, CMA, China
*bee-csml-1-m 2 BCC, CMA, China
*BNU-ESM 3 GCESS, China
*CanESM2 4  CCCMA, Canada
*CESM1-BGC 5  NSF-DOE-NCAR, USA
*CESM1-CAM5 6  NSF-DOE-NCAR, USA
*CMCC-CM 7  CMCC, Italy
*CMCC-CMS 8  CMCC, Italy
*CMCC-CM5 9 CMCC, Italy
*FGOALS-g2 10 LASG-CESS, China
*FIO-ESM Il FIO, SOA, China
*GFDL-CM3 12 NOAA-GFDL, USA
GFDL-ESM2G 13 NOAA-GFDL, USA
*GFDL-ESM2M 14  NOAA-GFDL, USA
GISS-E2-H 15 NASA/GISS, USA
GISS-E2-H-CC 16  NASA/GISS, USA
GISS-ER-R 17 NASA/GISS, USA
GISS-E2-R-CC 18  NASA/GISS, USA
*HadGEM2-ES 19  MOHC, UK
inmemé4 20 INM, Russia
*[PSL-CM5A-LR 21 IPSL, France
*IPSL-CM5A-MR 22 IPSL, France
*[PSL-CM5B-LR 23 IPSL, France
*MIROCS 24 AORI-NIES-JAMSTEC, Japan
MIROC-ESM 25  AORI-NIES-JAMSTEC, Japan
MIROC-ESM-CHEM 26  AORI-NIES-JAMSTEC, Japan
*MPI-ESM-LR 27  MPI-M, Germany
MPI-ESM-MR 28  MPI-M, Germany
*MRI-CGCM3 29 MR, Japan
*NorESM1-M 30 NCC, Norway
*NorESM1-ME 31 NCC, Norway

* Denotes the selected 21 models.

m5o] mofshe njay|F €A ceret Anke Uehdick
aJyEs 2 AofAe vl S Ao SIS E017]
flall, @A7I1olA BT FABH Ay A7]9] 9=
7| oot s AAste] EAI5ISlT 4
o AME3E Nino34 2|5:ol] that SIFARALS: ] ve/ehivpo]
ik A% AR sfdnt sl Aoju®, 2 el
dRHel 24 see] wels TofE 4 gl SAS 7}
A|aL Qlck

Fig. 1 #53 dA7]1% 2E59] S8EU(100°E~120°
W, 0~70°N) Sjele] 1195 3U7e] 2 BkiEble
(spatial correlation coefficient)S T3+ 5] B3t 7 UehY
oItk A5 melol gk wa7ke] WA} A Liehbu,
U B AA7| oA 7]t ElE Hofsh=t|
S UeRisich oo g 2t mge] Aus nelsted, 1
5ol disiA A7 0.5 ol 217l REES A
hot

Fig. 2= #=3} AAE CMIPS 217 B8 123 107) =
FolA 1145 E 387129 B4l S92 th7]=gt o
= YEFHRIEE Son er al 2014)014 A5 AAE #52
Foll= Foprlobe] FEALe S| Aof A} TE
1719 BE(FEAIL 27|9h)o] YAk Qlck(Fig. 2a).
BAR A7|RE 2AEC HEEIRE Ao E2H TRbE
2 w3 Folrlole] 715e} W o] gl Aow o
H A QtK(Son ef al, 2014; Kim ef al., 2015). 71831 EejF
Foll= A7t 4719 BF0] EAsHH, o] X792 Hut
F9] 71%0) kS A EtiHoskins and Karoly, 1981). &
RS A7 Ayt I I FEHEYS Fo A
o] o] HMukz QIgh B/ En] 2 Hi(Pacific North
America; PNA) 9§10} AR= sjad 4 glom, F2AL
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Fig. 1. The spatial correlation coefficients of 500-hPa geo-
potential height over the North Pacific between the
observed and simulated CMIP5 Historical models
in winter during 1970/1971~1999/ 2000. Black in-
tervals indicate the 90% confidence level.
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Fig. 2. Regression of 500-hPa geopotential height (shaded; m) and wind (vector; m/s) with respect to Nino 3.4
SST for (a) observed, (b) Historical 21 models and (c) Historical 10 models in averaged November-March.
Shadings and black wind vectors indicate the exceeding the 90% confidence level.

7|4 ORI e itk W59 ti7|d s =
ofshz 217} BHEE BZo] u]s) Folrlole] FEAL 1
7192 eFshAl BofRtti(Fig. 2b). RbHo, HejE g A7
Vot 23 b o FHIaH e, ol s
FEAL 217]9R2 ot Helshe Adael Stk WS ¥4
A sige] g@sid 10709] AA7]S R Eolis FREAL
T71qke] FefSpA LA Gk, BBl 4719t oA
P23} v)mste] oFshA 2o]E|QlthFig. 2¢). ol pe] &
o] mofshs #4713k A7)7} oksl|mrhs, REE0] ve
off tigt ciFdo] AA AR mifol oJgt Aoz [k

B2o] BRA Ak AT RS T molsH= 21
N ol 9] ulel7] 5 A4 siEle] WEkE Bkt
(Fig. 3a). W78 Aesls BYEL AA7)Sel upxr}
A2 PZof vlgl FRAL 17|92 oA Rofsh= B
o] Qlouh, FoshA e Aoz yehdth o wj, FejHef
7|2 AA7] 5L} vlarsto] IR E(60°N)o|A] A& o= 2t
Zge|o] ddsix|nl, iAo ® ofstA e, A719ke] 5
Ao BAF, o) 7120] Ql7el elxjsls Afo]ch(Meehl
and Teng, 2007; Kug et al., 2010; Stevenson, 2012; Zhou et
al., 2014b; Cai et al., 2015). 0]<} Zro] u]z|7| S|4 YEY

—27242+18&1512-9-6-3 3 6 9 121518212427

= Befjgo} A7]ore) gL ez el da)7)5e] o7
| Hjol2 Ea 213k 4 UThFig. 3b). BejHarols
7 = ujel7]Eo] A7l B0 4
olajatu, o]

e R
52 g,

o] Hjol= 4719}9]

4. 0|2§7|=2| th7|=&t MY

3ol A= 117 E 39714 9] 77t F¢F dA7]9-2 |
7] 9ol of Ao} TAHE BAA Q] 7 ]edhe Al
ATk Son er al(2014)2 FoFAlote] ALA 7|9-ef HWHRE
ol = FREAL 37|¢0] A1~ 12¢)ol= A%
Hog FAEA, =AK(1Y)o] HH IA7] AlAlE &
e 7RI AAJekGIek o] A7 g Al Qhol| A o] Al A
H3S}(seasonal evolution)Z Q1gF F2ZA| @ 317]9}F9] Wikl 4
B2, Ao} Foprof 719-0] IAdol Sajt FFe =
Aog deA Qlet. T2eug o]t AEA o]/ (seasonal
dependency)& Le{sto] Ay A sfHo] L 54
= A & La7t ek 4gox= ml7| oA AldA H
slof o5t Ul Fobrotel FejE ko] df7legt Wl
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Fig. 3. The same as Fig. 2, except for (a) 21 models of RCP4.5 and (b) difference between RCP4.5 and Historical
scenario, respectively. Shadings and black wind vectors indicate the exceeding the 90% confidence level.
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Flg 4of 1195 397k4] @A)715-2} v]el|7]5-2] Nino3.4
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Fig. 4. The same as Fig. 2, except for each month with respect to Historical (left panels), RCP4.5 (middle panels)
and difference between the RCP4.5 and Historical models (right panels) from November to March Shading
and black wind vectors indicate the exceeding the 90% confidence level.
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OF7F A& o2 o535t H(Fig. 4j). 3Y€o| HH FRA|L. 17|
= 5O o} Aol A HOfEA] gom, BrltfE F&of 913
gk a1719ke) o= Qlsl| REE A7) e o &
ol 5HA] SAloll #7149 Flo] AEe = FALITKFig. 4m).

njef 7)ol A 217) 2ol Foe gk AuwEd
11of| AR7] 5] mlsf| oFgt F2Al2 a17]9f0] fIA|5hH,
SHefE ol $IAIT 47199 -5 FeiE e SEolA A2
TR UEPATHFig. 4b). 12¢€0]] F2=A|R 117]9Fe] A7]=
117} v]s=8HA] A, SeEYd #7199 49 A8l
A, @A 7| SH} oFshA ALECH(Fig. 4e). 1€o] A &
A7) 5ot v 2 F2A| Q. a17]9fo] ZsiA|H, FejE ek
A71% Gl ZdaRE o] ALYE(60°N)of| A AFo = T SHe
aL, Aol A7) FAlo] FFHCF o] E3tt(Fig. 4h). 24

ofli= FotAlotel] YIXFE FRAIL 117]9f0] T o f-2J5HA]
oo, SejEere] 27|94 E5- ZkE]ar, 1o visf A
719 Salo] A& =m o] 53ItHFig. 4k). 3€9] A5, A7
o FUSHA mlEf7| 90 FRAIL A7 HOJER] A
Fck o] wf, Frjths A& IR 3t av]ete] o

Fellsk 9

olel BefEef A7 Zaue] AZow ojFals Al
qlom, FeAe 1yge) 4o dFE & Aow A

CH(Fig. 4n).

|79} vl | FAM melE ol thrlsee] Hol
= olof vlal/iel st 3918 et v
FSI9ATE. 11905 199744 Eoblo AJofo] ek

Holie Bla 1] F2ALS. 171er0] AALES] He) okt

= 2 ofujabol, Hefefol Ui kel 2ol vl
7% 7P B8] oFslE RolEri(Fig 4o, £ i), S, &
dope] Bol Ixg e Aol uler|Fo) Hefo
A719ke] & ‘_% Argshs Aol 28ol= Fejg g Ante]
B IR O] AolE HojF=t|, o= o] Al7|ol| EejEYF
o] s oA o= A7 259 ofRkE Holw
CHFig. 4). E3F Frjrfso] Y23k 29 Alol= ths 559
7)ol mef7| ol ofsfiAH, FejEe 471 s1le
AGSh= Zlole). 3ol EH Fe] Apolo] e} e 24
of mlgl EofEAInt, o ds] Fefg ol WA fIxIshH, Fn
ol U= 371909 ofskz sl Feig e A7 &
Z£0 2 Bsh= FEe 7HItk(Fig. 4o0). 53, =S v
gF Fopaote] 7|9k WARE WRo] Y= FEAIL 7|
= vlE715oll A 11878 1970 = oFakear, 2¢of= 73t
= Ao® et A7t vjr]$o] AYxs 2
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't oM

>~l
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AA7150h vl el mojels Botalote] TRAL.
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7] Sl8) ole A getol Wareh 5| A4z ulTSIT. Fig
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30~40°N)Z} A7 TE(170~150°W, 40~50°N)S H|L
o wheheholet. Fig. 4904 AAEE 2 1195 E 19
7 BAZNFAA 0] FRA L Tk Ao F717h
Z7akcHFig. Sa). 2 Al7lo] nlg7|3o] F2AS 3710k
o] 7RI, A7) TR RS oFet Ao Yt 29
o] He @A7| 5] FEAS 17I9ke opstelizy) w3, v
2715l 1900} shEo] @A) TRt Ao et
F2A|@ 3710k molaiA Hrf. et 290 molsls 3
2A10. T7|9Re WA T} njerlE BE gofslA] ke A
o2 BolrkFig. 4, k). 38l BAPIFe} njglrlFe) T2
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Fig. 5. The area-averaged 500-hPa geopotential height
regressed with respect to Nino3.4 SST from
November to March in Historical (blue bar) and
RCP4.5 (red bar). Upper denotes (a) the Kuroshio
anticyclone (120~150°E, 30~40°N) and below
shows (b) the North Pacific cyclone (170~150°W,
40~50°N). Black intervals indicate the 90% con-
fidence level.
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Bejgobe] A7IoM BB 1195 2971 A%
o ugi7l ol o2 Sl Aake ZHATiFig. Sb)
3%0] H AA7IFoI 2] B 4719k 2913} v)ma)
A Zhasid] e, welr|Folas ot F7ks AL &
Z 9Jck, HelshE, CMIPS BH52 ol wel peisto] 2
Hopoll 4 dukA o nlel7le) ohy|agt o] oFsils
Ao Asldct. s, A1} mlelr)Fol Sl
o7 sielo] gt =3 7ke] W7} A7) whe] ghrre] o
oK) 7o djsl] SofalAl 9 e Ao® ghaE,
Son et al.(2014)& F2A| 2 11719 ¥y 9 FASH 4AHS
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