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Abstract The cold surges over East Asia can be grouped to two types of the wave-train and the
blocking. Recently, the observational study proposed new dynamical index to objectively iden-
tify cold surge types. In this study, the dynamical index is applied to the simulations of 10 cli-
mate models, which participate in the Coupled Model Intercomparison Project Phase 5 (CMIPS).
Focusing on assessment of cold surge simulation, we discuss characteristic of the wave-train and
blocking cold surges in the climate models. The wave-train index (WI) and the blocking index
(BI) based on potential temperature anomalies at dynamical tropopause over the subarctic region,
the northeast China, and the western North Pacific enable us to classify cold surges in the climate
models into two types. The climate models well simulate the occurrence mechanism of the wave-
train cold surges with vertical structure related to growing baroclinic wave. However, while the
wave-train in the observation propagates in west-east direction across the Eurasia Continent, most
of the models simulate the southeastward propagation of the wave-train originated from the Kara
Sea. For the blocking cold surges, the general features in the climate models well follow those in
the observation to show the dipole pattern of a barotropic high-latitude blocking and a baroclinic
coastal trough, leading to the Arctic cold surges with the strong northerly wind originated from
the Arctic Sea. In both of the observation and climate models, the blocking cold surges tend to be
more intense and last longer compared to the wave-train type.
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Characteristics of East Asian Cold Surges in the CMIPS Climate Models
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Aldlglol a71ke] A W FRoA o] Fstet 3
Al Fobrlot ks WA= 2 Lzl 95
AL A% frEbrlol 2R E Fopr|otE e T
F4 4= wave-train®] Hxtol] 23 {0 th(Takaya
and Nakamura, 2005a; Jeong et al., 2006). -f-2}A]o}
& g3l AE aTe] wave-train FEI = AJdstaL
°] wave-train®| FEE O 2 Hu}siHA Folrlol F
& et tFd 7IES A whEolA ]
st&dd H54%FS &4 ¢kJoung and Hitchman,
1982). o] FA| Bol o= sl5 FAIFl S Az
o} A &] 27t F717F FotrotE Y E th(Zhang
et al., 1997a). B4 Fol| oJaf A3 Fola|ote] Fled
obre]= AW S AFSATIAL, olE QlEt
Aldglol a7]9ke] ZsheEth. AstE Alwlglol A7)
4 A AT TIE Ve HEATIH, v
ol7} 2% wave-train® 2 A4S (Chen et al., 2002).
o] 4L FH3NA Heletd, fEkrlor hiES Y
Q% wave-train®] Ao} 7)1t 7Fstel Alwg
o} z]eje] gk op=ty] Atole] 4T AES B 5
ofAJolol @hulr} WhAY ¥l Ul(Takaya and Nakamura,
2005a).

Wave-train®]] €8t &3} T F= & FE2A,
Takaya and Nakamura (2005b)= E=3] 2*2] 19
T AA 271 (blocking)e] BA & HHS] ARa}
WA wave-traindll 9|3t A= thE Felo Alwe]o}
71 AsE Bl gukE AT E OE 8
ol d & US AT Park et al. (2008)
2005/06d AL &t T T Fuke] Al £4
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A = AS BT 9 blockingel] o8l
A3 Fule= wave-train®ll 9|3 ST AhF o R
L 717 FRF ALHAL A AEE BdS
3tk #A2o) Park et al. (2015) (1%, P2015)= 7]
o] AFolA AR F 7HA] FEE] s A3
ol 7|Fo g B7F317] $130 Pelly and Hoskins (2003)
9] blocking AFE 83t wave-train I}
blocking #3915 gtH o8 FEFshe AFE st
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wave-train? blocking ¥toke] WA 8t} A&7
AE T 5Hol 71E Ao At 2 d Akt
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CMIPS 715 RS AMES ALE 9 34 A4e
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AAfe} vl 7oA L RIEF WSt F2 24
ATHFlato et al., 2013). AR FolA|o} ghufo] AY
712k 2 1 EAde] it -5 Zhang et al. (1997b)2]
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(historical run) AFEE AFE3ITH B8 Aol v
AL 9% A5 AEEN AT 15°, 9% 15° 7H4 9]
European Centre for Medium-Range Weather Forecasts
(ECMWF) Interim Re-analysis (ERA-Interim)E A&
S TH(Dee et al., 2011). T3} Fo) & 8] IHH A
™ 2% (Surface Air Temperature; SAT)2} 3™ 71%+
(Sea Level Pressure; SLP)S AF&-3}%1 3, Sh3} e 9]
ERek 7E 7 9 Feje] 54 B4E 98 5
M o] AHt A 95L%(Z), 25(T), A1),
HEuHV) AEE ARElh 353 2Y 289
717 A7) S8 B 71282 1979/80' A H-E
2004/0537kA1 9] 26119 ALH(11¥€~39)E STt
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Table 1. Description of the CMIP5 models used in this study.
CMIP5 ID Modeling group Resolution
ACCESSI1-0 Commonwealth Scientific and Industrial Research Organisation and Bureau of  1.875° x 1.25°
Meteorology, Australia
ACCESSI1-3 Commonwealth Scientific and Industrial Research Organisation and Bureau of  1.875° x 1.25°
Meteorology, Australia
BNU-ESM College of Global Change and Earth System Science, Beijing Normal University T42
CanESM2 Canadian Centre for Climate Modelling and Analysis T63
CMCC-CESM Centro Euro-Mediterianeo per I Cambiamenti Climatici T31
CMCC-CMS Centro Euro-Mediterianeo per I Cambiamenti Climatici T63
GFDL-ESM2G ~ NOAA Geophysical Fluid Dynamics Laboratory 2.5% % 2°
MPI-ESM-LR Max Planck Institute for Meteorology T63
MPI-ESM-MR  Max Planck Institute for Meteorology T63
NorESM1-M Norwegian Climate Centre 1.9° x 2.5°
3lulo] ool V|BA o dFYHF HyyE B Q3 Winter Mean SLP and Domain
3, B A7 FAEE F b G dete) g ]
g siME 98 ggozel Yol Bash] BE
of AE7} el F9 A% SUYW o] WFE TF ]
313 glojof @), @ 7] 4, el 54
He 98l L, AIE, BN, dHulg 5o O
WL ofe] 9% BRPE Aol AgEolol Atk @ |
o B4 ed dHd W AR E87FeA \ ) 1%
-5 yefste] $4 CMIPS 71F 28 Aws AY a1 N .
st @t gol9] o] B Aulelet g e
N REE F RS Rihe BYS BAAM o
Aelstaet. 7 Az B AgoAs 10712 CMIPS 1A71g l.dThe fSlberlag }fngh dl(()jmaln (s((j)h;l {{[I}es) chtlt t:;vcl) East
% wa Aert BAHT. 2+ 28] CMIPS ID, sian domains used for cold surge definition (dotted lines).

Modeling Group, 3ll’¢=el tigt FEE Table 19
Z3IATh B Ao 107 2H2+e) 715 gl o
gt gty mo] TS BAEA, 715 2] A
ARl gtk meo] 5 BAS 3] 107 2F #A59
gtk o= Q& 107 71E =

g Asfde 232 CMCC-CESM
3.75%0 B+ Uj4tsted

2.2 &t} X9

Forlel ghal WA AlW]ol a7]9te] “rsiet
@717 ot F4% ex 7ag A o)Eth(Zhang
et al,, 1997a). ©]23t A9 7|&S IHsle, B A+
AlM= P20159] WS uwgl T3 7% B
9] gtu} S Aol WA, Aldlglol Ei A
&3 (90°~115°E, 35~55°N)ellA w2719t F419] &
W 7)19h(Fig. 1)°] 1,030 hPa o]l &g 73 Az
of 27]|qte] E=Z AHositt. olul AW 27| T
A& 1,000 hPa A YL Fro] F92 =R 87l

o Azte] @uoh A dehbe AxE sl

Shadings indicate the climatological sea level pressure for
the winter of 1979/80~2004/05 in the ERA-Interim.

(Zhang and Wang, 1997). T2 2, Ald|g|o} 17|
o] st weH & FolA T HE55F(120°~125°E,
40~45°N) =x 3T (125°~130°E, 35~40°N)ollA] 3
o4E AHLE(Fig. 1)7} o]& ool &2 7]7ke] A%
H11€~3Y) g3+ AHE ZFH2Ko)9] 1.59)
ol He &g o AR ot 18
A% e% s FdRo AHeLrt 2o 9 =
ol AT ol 7F YEhd 2 gt WY
oA ALt ghat Y o], AWML opt
27t —0.50 ool HAS o st FEE ZoE
Aelstda, st F5Y ol A&A sturt W
At 7= olxde] ghubel e ShutE 7Hsiith.
Tk gtute] EA0EH Fhut dAYH FREY Alo]
o] 717k& stuke] A &AL, kgt A&7 F1ke] A
H2E ofed]e] oS dute] Ak, ghut A &7]7h
B A B AELE oledEE Wit YRR
R A=
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Table 2. The number of all, wave-train, blocking, and local cold surges and the ratio of wave-train to blocking cold surges in
the ERA-Interim and the CMIP5 models for the winters (November through March) of 1979/80~2004/05.

All Wave-train Blocking Local Ratio (WT/B)
ERA-Interim 262 130 85 47 1.53
ACCESS1-0 157 96 38 23 2.53
ACCESSI1-3 264 151 82 31 1.84
BNU-ESM 217 121 71 25 1.70
CanESM2 281 149 100 32 1.49
CMCC-CESM 223 135 56 32 2.41
CMCC-CMS 240 137 75 28 1.83
GFDL-ESM2G 216 126 60 30 2.10
MPI-ESM-LR 254 140 83 31 1.69
MPI-ESM-MR 233 113 85 35 1.33
NorESM1-M 267 153 76 38 2.01

oA Ak 7120l ols ERA-Interim¥} 107]<]
CMIP5 715 E3oA Aojd gtute] A 3FE
Table 20 Ae]atAdt). Bl = 24 2611979/
80~2004/05) A2 &< 2623]7} A8 3L, ACCESSI-
3, CanESM2, NorESM1-M< Z}7} 264, 281, 26732
ASHY o A RO, UmA BEe #=
Hr} gl 2 318 A Bojsldtt. 3] ACCESSI-
2 2 BN 717 5 A5 O 60%0l 3lE s
1578] 9] sta} AITHS R o)ttt ACCESS1-37F &
=3 7 Al 2643]9] @ut 2ALS B O|si)
ACCESS1-03} ACCESS1-3& 7o »&S 7juto =
St Bty B N 2o} uf$- FA 2pol7}
WTH1573] vs 2643)). 7S 2YES 7Hto 2 sk
QAT A5y oy B HH e =4S 3
stal 3o o] gEid 4 J2S ¢ & o &)
A"k CMCC-CESM#} CMCC-CMS©llA1e] A 314
= 7tz 22339} 24032 A9 |3 o, MPI-LR
7} MPI-MRE 2543]¢} 2333]¢] v} wgS melst
o A2 ¥t A3 YeERAG.

3. gt X[ AISEt shue| 2R

E AFA = ERA-Interim AFRE AFE-3}e] P2015
oA JhEE g3t FF s AFE 10749] CMIPS
< By HEL3lo stiE RSk, BRE okt
B4 7t 7% Bo] dupt & Bol=AE &
2313t} 98k 2|4== 2-PVU (Potential Vorticity Unit)
Hol X o] 290(0)d ZAste] Aeoldrt. FaA oA
| 984 o) F¥ A (dynamical tropopause)©]
AA AL o, o] WX o] 9= ghute}l AwE
F2 4% 9"l wave-train?} blocking?] HE|& Z
LERdTH(Pelly and Hoskins, 2003).
ERA-Interim A}59} €] CMIPS 7|% 232 2-

sh27)2488] Ui 7] A|277 25 (2017)

PVU HoMe] £915 WEbExn E3hetal A odth
2 AFexs A e SA bk, dEulE, 2
EE o] g3t ALtz el 2918 ALlet &, 2-PVU
ol M o] 295 A& Figure 2a= HWH- A
3 299 A= 71$4ke YeERATE Figure
220l 4] 2-PVU A& 300 hPa 97} ofefZzol] $]x]&}ar
ATk 715l e 52943 SRA 0] A
HaYs}7] w2zl 2-PVU Hollx 29]¢] wsheE 79
UJeh}A] =t 28d 7)1$8xd oz 2.pvuEs U
7] Z&gel g ARk AR T B M=
A gl oJe] el 2-pvU Wo] Yehd 4 Tk
w715 REoA 2-PVU HoA o] 915 A=
she g Sol= 22 XA 7] gl 271 o)
o] 2-PVU ®Wo| YehE AREZE @S 4= Qo 1
o 24 Figs. 2b2} 2coll ZH2F 19801 1€ 24U} 1985
| 39 299 2909 IAekE, 183 2-PVU A&
UeRdTh 1980 19 24Y0) 2-pVU Alo] 8¢ 70°
o} 80° At stFo= W ebA FAE o
A el At o= AsA F4] 75°9] 700 hPa,
550 hPa, 450 hPa A2 370 2-PVU Alo] FA]q)
$Ie), 1985 39 2] AfollE AFolA
gk 2-PVU Al 9lofl &5l 2-PVU Alo] 5dHo=
UERstth o] A= 59 75° Aol 54l 3
Ne] 2-PVU Ao] &89t} Figures 2b2} 2c9t 7
2 A7 B 7 5 EF s B ATl
= 22 A gFel 98 A9 2-Pvue] YERY
739, ERA-Interim A}Fo|A 2-PVUS F35}+= H
S wek(Berrisford et al., 2011), 96 hPalf-E] A2
Y ewA 2S vhie 2-PVUS Agsigint o
Az}, 715842l dynamical tropopause®] ]3| (Fig.
2a)°l 71 7172 2-PVU WHo| AAEA T, T Ho
A &85 A=

Figures 3a2} 3be ERA-Interim A}Eo|A &3} X
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Fig. 2. Vertical cross sections of potential vorticity (contour; 1 PVU interval) and potential temperature (shading; 10 K interval)
(a) for the winter climatology, (b) on 24 January 1980, and (c) on 2 March 1985 in ERA-Interim. Thick solid lines indicate 2-
PVU.
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Fig. 3. Climatological potential temperature (contour; 10 K interval) and composite of anomalous potential temperature
(shading) on 2-PVU for (a) wave-train and (b) blocking cold surges classified by dynamical cold surge index in ERA-Interim.
Anomalous potential temperature on 2-PVU across line over (¢, d) R2 and R3 and (e, f) R2 and R1. Thick sold lines in (c-f)
indicate boundaries of R1, R2, and R3 domains.
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(a) ERA-Interim (b) ACCESS1-0 (c) ACCESS1-3
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Fig. 4. Scatter plots of BI (x-axis) versus WI (y-axis) for wave-train (red dots), blocking (blue dots), and unclassified cold
surges (black dots) grouped by dynamical cold surge index in (a) ERA-Interim and (b-k) CMIP5 models.
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o] op=dE|7} F8lo] yEhdtt Blocking 3} Al
e T HFF 4T 59 29 ol=dEl= A
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27} JERbE A0 R1 (110°~140°E, 65~90°N),
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£ 43tk R2¢9F R3E Avrts A8 wet &4
ol &5 A H, wave-train 3F3} Al 7)o+ R29]
9] 73} R3] o] Frol FElskARH(Fig. 3c), blocking
b Al7]oll= R29] &9 @ uERaL UTh(Fig.
3d). frAFSE Al o2 R29F RIS AYrbe A1S wet
29 ol E AHHEM, blocking eI} Al7]el=
R29] 9] % R19] F9] Fko]l F 3 WHA (Fig. 3e),
wave-train 9} Al7]el= R29] &9 #9h vERA
A THFig. 3f). ¥ A= wave-train?} blocking g+
at Al71e] 29] op=ge] o] 54& ifste] R, R2,
R39IA HH 29 ol E A3t blocking 3
3} A 4BDS} wave-train St} A FH(WHE o3 2
< Ho R ALtsA

ool Hr ol

BI:9R1 79R2 (1)
WI= 6R3 - 9R2 (2)

P20157} A|QFeE 8t x| A ejo] waw, Wit
W Z42 39 wave-train e 714, BIZF
A Z55 blocking FEOl 7H4A k. 2 A7
A= ERA-Interim AA5E AMS-3Fed <€ (Fig. 3) Bl
o wiol AXPEHE 71§ 2y AR A&t
Figure 4= ERA-Interim3} 107§¢] CMIPS 7|% 23
oAl WAg FolAlol ghuke] BIo} WIS AMEEE
vehdth, AEE oA W7l BIETH 2 AHEE wave-
train ¢t22, BI7} WIETE 2 AlE blocking 33t
2 A3tk WIgk BI7F 5 0 o]8ke] 3 2t

A= wave-train®] Y blocking 732 A A A QA A
TS ENbeHA] @A Ao R WS shakE 7h

FolaL o] FoA o]HF 5 S FHA U 2
AT A= wave-train?} blocking e 2] stulzqk &
Fotd=ul, A4 wWigk BIVF BF & ge=2 yehd
= k] Al Stk HA A7) AAEel fERAlolE
A UA] APl 2= wave-traing} 3 A A A
A =lo] A= blocking®] FAol W= EFH (mixed)
stul2 ER/E 4 Ath(Jeong et al., 2016).

BI9} WI9] 2t mo] A3t ERA-Interim®} 107Y
o] CMIP5 7|% B&eA 4H&Egt wave-train?} blocking

- BAE - 5183 205

State] Wbl ZI4E Table 20 stk &=
RE 7]1% R¥o)A wave-train 3Fo] A 3147}
blocking gtu}e] WkA) SRt} Wolth ERA-Interim
oA blocking &3} @A) 3140l w3l wave-train
a3 HlE 1532 1079 71F 2
MPI-ESM-MR#} CanESM2+= Z+7} 1.499} 1.339]
= Hof #Zol vl FHS=E blocking T}
Ay vlgo] E9kTth UmA] grlje] 7% REL BT
ol Hlal wave-train $HoF WA H]Eo] FUAL, 59
ACCESS1-0, CMCC-CESM, GFDL-ESM2G, NorESM1-
M= wave-train 3F}7} blocking 3Fulol] H&] 2u) ©]
’ wol At HA stut ¥4 314E ERA-
Interim (2623))Et} &7k i ol CanESM2 (281
3])= blocking 3} 2HA] 31<4=of th$t wave-train St
@ 31429] H](1.49)°] 20ojAE ERA-Interim
(1.53)3 713 vls=shAl et

(ol 2 ofy ot

4. 5 7K Hey stmle] 57

Figure 5= ERA-Interim3} CMIP5 7]F E& o)Al <]
wave-train ¢t} Wbl ol] LERE 250 hPax} 850 hPa
A% ol 4GS Ve 2”olth BE
EYo] vlo|lAs %, 5 B, B4 BHE LY
T AE AAE ol E UEE dE
29l wave-train S Z ROty ). SEA|NE
MPI-ESM-LRS A 9]gk vpeA] 97) 2] RolA = u}
olZds EAMFEZ AF 4o AYAE ofxEEst
tha oFsA] BeEHA ) 3% A= of=EE
oA mlol s wEZe] AW glo} 2719k o]
Z Y 9loH, o]ojR]= 3= wave-train® EH
ST O] 5-9] ofimd] e} B e ge] o] ofdt
= Tl vEbsth 4 - 3% wave-train®] 3|
T2 skl HlE] 45 wave-train®] A 02 A
Zo YABIAL U= AFHQ At 4Fe & 1
oS3 I TH(Park et al,, 2014). ERA-Interimoll A= 7}
23] 3 BZo] &% wave-train®] A|ZEE 29| o}
=427t fEkrlol oIS WFe] 40°E, 60°N A
o] YA Qi) SIAI%, GFDL-ESM2GE A €]
gt BE BRYPA = AlHEel 7oz o=
&9 AYAE ofx==dE] 7t fEtAlol S WHIL o}
Yz}t 7keksie] 90°E, 75°N Aol F4lo] yehdt,
I A3} F=HE 3 wave-trainS A RSO E U}
g=o] FeEtrlol ES AYA X35 tES W
AUrle EHS Hole wbd, ndo o3 rojge=
815 wave-train> ZHFS oA HEEoR HutE i
FolAlotol A thA] FXIEt &S w7 FEE
o]F3 9t} o3 CMIP5 23 o] AA 4 54
& e HolA Fslo] vEehdtth %3 CMIPS

tw
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{a) ERA-Interim g (b) ACCESS1-0

) ‘\g (c) ACCESS1-3 . 4‘5

Fig. 5. Composite of anomalous geopotential height at 250 hPa (contour; 30 m interval) and 850 hPa (shading; 10 m interval)
during wave-train cold surge occurrences in (a) ERA-Interim, (b-k) CMIP5 models, and (1) ensemble mean.
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Fig. 6. Same as Fig. 5, but for during blocking cold surge occurrences.
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(a) ERA-Interim {b) ACCESS1-0

(c) ACCESS1-3

Fig. 7. Composite of anomalous temperature (shading; 1 K interval) and anomalous wind (vectors) at 850 hPa during wave-
train cold surge occurrences in (a) ERA-Interim, (b-k) CMIP5 models, and (1) ensemble mean.
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Fig. 8. Same as Fig. 7, but for during blocking cold surge occurrences.
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s (a) Duration

(b) Intensity
30 A : ERA-Interim

B : ACCESS1-0
C : ACCESS1-3
D : BNU-ESM

; E : CanESM2

10 F : CMCC-CESM
G :CMCC-CMS
H : GFDL-ESM2G
| : MPI-ESM-LR

J : MPI-ESM-MR

(c) Averaged SATA K : NorESM1-M
& L : Ensemble mean

Fig. 9. (a) Duration, (b) intensity, and (c) surface air tem-
perature anomalies averaged during duration for wave-train
(white bar) and blocking cold surges (black bar) in ERA-
Interim, CMIP5 models, and ensemble mean.
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