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ABSTRACT

The study presents the ability of seasonal forecast models to represent the
observed teleconnection associated with the major climate variability modes
including the EI Nifio-Southern Oscillation (ENSO), Indian Ocean Dipole (I0OD), North
Atlantic Oscillation (NAO), and Western Pacific (WP) pattern. The prediction skill
of the two ocean modes (ENSO and 10D) is much better, in terms of temporal
variation, than that of the atmospheric modes (NAO and WP) in seven individual
model reforecasts, although the indices for all four modes are mostly well

represented in their dominant season.

Firstly, many of the features seen in observations are generally well reproduced
in terms of the remote teleconnection associated with the ENSO. However, in some
regions, the models simulate air temperature/precipitation responses that are too
strong. The errors in temperature/precipitation response for North America, in
particular, increase significantly during the ENSO peak season. This leads to
temperature/precipitation forecast errors during the development of the ENSO. In
most models, a strong linear relationship is maintained between the
temperature/precipitation anomalies associated with both the El Nifio and the La
Nina phases of the ENSO; however, this relationship is weak in observations. One
possible reason for the strong linearity in the models is that the remote atmospheric
teleconnection pattern between the phases is too linear. Another is that the models
cannot realistically simulate the impact of the Arctic variability on the mid-latitude

climate, which may be because of the cold bias of the Arctic Ocean in models.



Secondly, the models tend to predict the response of temperature and precipitation
to the 10D well over regions adjacent to Indian Ocean. Countries west (east) of
the Indian Ocean become warm and wet (cold and dry) during the positive phase
of the I0D, while its impact on mid-latitude regions is less distinct. Furthermore,
the teleconnection pattern over the Pacific Ocean is similar to that of the ENSO.
The variability of sea surface temperature (SST) over the Indian Ocean is
predominated by two main modes: the Indian Ocean Basin (IOB) and the 10D modes.
Models in which the ENSO variability is stronger than the observation show a larger
variance in the OB and 10D modes. The spatial air-sea coupled pattern associated
with the developing phase of the 10D is well represented in models despite a slight
difference among them. By excluding the ENSO effect, the influence of the 10D
over East Asia becomes stronger, but the models fail to show this increased impact.

Third, the impact of the NAQO is observed broadly over the region from eastern
North America across the north Atlantic to far eastern parts of Asia, and a significant
temperature/precipitation impact area is well represented in many of the models
and ensembles. In some cases, however, there is a clear inter-model diversity for
the impact of the NAQ. For instance, in April the NAO temperature response over
Europe and the Asian continent varies from model to model, and it seems to be
associated with the mean bias of the SST in the North Atlantic. Interestingly, the
models tend to show a one-month delayed regional response in the NAO during
spring (e.g., the model response in March is more similar to observed responses
in February than in March) and the NAO peak season is also delayed to March in
the model simulations. This delayed response seems to be associated with the
exaggerated relationship between the ENSO and NAO during spring.

Fourth, the temperature response to the WP mode is very pronounced during the
boreal spring and winter seasons in East Asia, the Bering Sea, and North America.

Interestingly, the model's skill score is relatively high during the transitions between



seasons in September and October. However, there are large errors in the remote
temperature response in October. The precipitation response in the tropical Pacific
and over the North American continent is also simulated adequately by climate
models. However, most of the models have errors where the positive temperature
and precipitation response in tropical regions in December is maintained until the

spring of the following year.

Lastly, this study presents a map of climate mode impacts that collectively displays
all significant modes (from the ENSO, 10D, NAO, and WP) that affect
temperature/precipitation at individual grids for 12 months. The statistical summary
of this map is also given for six verification regions. The map will provide
supplementary information for monthly consensus predictions in the APCC and a
tangible guide to the researches of tailoring multi-model ensemble forecasts.
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2]9] Ak A FEAE ofye} W Ao FR= A 59 714/71F0l ¥ HAH, 1L
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2006; Cai et al. 2015). Z12]aL ENSO9] ZAE2 HAF- A o5 23 2783t
= Fsl7] wizol AE ol& EFollA ENSO9] S s SasHd],
Peng et al. 2011; Kim et al. 2012; Jia et al. 2015).

T 5Pe] SST ¥iEdo] 283t A F2 AAA thrEe] £ 2ol ofs) & %o
U= Ao, ArFo] SST HEAL ENSOAH HAF st 9] AA &40
Y vk ob ] =Y Sid 2= Q1Y =7te] 4w 712 HEAgo] B
S v|A]7] PEol|(Saji and Yamagata 2003) Q=G| SST 54 U IAY}
H YATE F dISohe A2 WS- Faslth 539] 2499 F71E 2= Indian Ocean
Dipole(IOD) ¥ SST ¥ Fotzg]7le} QleuAjol 22 1 X9 22 Q=
A oA = ForAokY] Aol At FFE wIHIT L DA UKSaji et al.

1999; Ashok et al. 2004; Behara et al. 2005; Cai et al. 2011a).
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(Barnston and Livezey 1987; Hsu and Wallace 1985; Mo and Livezey 1986;
Thompson and Wallace 1998; Wallace and Gutzler 1981). 71 %, North Atlantic
Oscillation(NAO)Z} Western Pacific(WP) ¥&A43 fel Bxkto] 93 ¥s &
E2A, I 9T At B S9: A X0l sl I 7R
(Archambault et al. 2008; Baxter and Nigam 2015; Cellitti et al. 2006; Kenyon
and Hegerl 2010; Leathers et al. 1991; Linkin and Nigam 2008; Notaro et al.
2006; Scaife et al. 2008; Westby et al. 2013).
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Table 1. Lists of 7 APCC MME Seasonal Forecast Models.

Atmosphere Ocean

Acronym  Model Institute Ens. (resolution) (resolution) References
) ECHAMV5.3 POPv2.0.1 Ham el al.
APCC SCoPS APEC Climate Center 10 (T159L31) (1°x0.5%) (2018)
Central Weather Bureau CWB Liou et al.
GWB CiB of Chinese Taipei 0 (T119L40) ks (1997)
Meteorological Service of CanAM4 CanOM4 Merryfield et al.
MSE CatiM Canada 20 (T63L35) (1.41°x0.94°,L40) (2013)
National Aeronautics and GEOS-5 MOM4 Molod et al.
HASE GHAO Space Administration 19 (288x181, L72) (720x410,L40) (2012)
National Center for GFS Saha et al.
HGER CRsva Environmental Prediction 19 (T126L64) GORLMONS (2014)
MOM3 )
PNU . ) ) CCM3 . 5 go AhnandKim
PNU CGCM Pusan National University 5 (T42L18) |(_22§)1 25°x0.7~2.8°, (2013)
Australian Bureau of BAMv3.0d ACOM2 Lim et al.
POAMA — POAMA  \1eteorology B (Tarn (2°x0.5~1.5°L25)  (2012)

22 % K=

H=% h&O=F NCEP/Department of Energy Atmospheric Model
Intercomparison Project II AEAZHNCEP-DOE, Kanamitsu et al. 2002)& °]-&
SHAH ol 2.5°%x2.5°9] £ SPY=E 7AW APCC MME AE 9% dolA A&
&= AEGo]7| T st} Sl 2% AR E Optimum interpolation SST version
2(OISSTv2; Reynolds et al. 2007)8, 5% A=EE Global Precipitation



Climatology Project(GPCP; Adler et al. 2003)2] #=ZARE o] 8ot Atm F4
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2.3 7|82t H9|
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2 1 dYk(EUY) oMES Hostitt.

|0

[¢]

QlECFo] 9 HERQI IOD+ Saji et al.(1999)2] Dipole Mode Index(°|5F DMDZE
Aolslyom, DMIE AQIEQK50°E-70°E, 10°S-10°N)x} 5-91%=9K(90°E-110°E,
10°S-Equator) SST Hx}] xjo]2 FL5Rch DMIZF 49| & 7HE o, A=k
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tH(Lee and Black 2013; Westby et al. 2013). A Ao 24 7P & WA
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Figure 1. Loading patterns of ten atmospheric modes resolved in NCEP-NCAR Reanalysis dataset for
the period from 1983 to 2010. Spatial patterns are defined as top ten rotated loading vectors
from RPCA analysis onto standardized 500 hPa geopotential height over Northern Hemisphere
[20°N-87.5°N].
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713 W% BEE9] V|2/7 YAAT BAE 45 AsiAl Figure 29} 2ol
ATE 670 AFo2 UrSleh & BokroF X H(E Asia, 75°E-150°E, 15°N-60°N),
JolA]ol R (S.Asia, 60°E-140°F, 10°S-35°N), &5 A ¥ (Australia, 110°E-180°,
50°S-0°N), &3¢} Y2 Jejgy Z3Hsk= 2 YG(Aus+S.Pac: 110°E-260°F, 50°S-
20°N), & offgl7} A 9(N.Ame, 190°E-310°E, 10°N-75°N), dold2l7} A<
(S.Ame, 270°E-330°E, 60°S-10°N)2.& H-55}3it}.
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Figure 2. Regional domains for monitoring and analyzing extreme climates. East Asia (E.Asia, 75°E-
160°E, 15°N-60°N), South Asia (S.Asia, 60°E-140°E, 10°S-35°N), North America (N.Ame,
190°E-310°E, 10°N-75°N), South America (S.Ame, 270°E-330°E, 60°S-10°N), Australia (Aus,
110°E-180°E, 50°S-0°N), and Australia with some regions of South Pacific (Aus+S.Pac: 110°E-
260°E, 50°S-20°N).
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A Fof siF A FoNA 95%01d F2gt AT Us A= AHEH A Dof st

7122 gl & BBl Fo A, 9ES SH2E IR 2= horse shoe-like
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Ocean Basin(IOB) 2= g #A7} QAtk(Klein et al. 1999; Xie et al. 2009).

o[2et WZoA 7] ¥hEE HREY] ol& KoM & AHEHI Sl AR Helr
(Figure 4, 29).
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Figure 4. Spatial patterns of (left panels) correlation coefficients of T2M with Nifio3.4 index from
observations, and (middle panels) model consensus and (right panels) grand-ensemble
member consensus in terms of the correlation coefficients. In the middle panels, shades
indicate the number of models that the correlation coefficient at each grid point is significant
at 95% confidence level according to the two-tailed student's t-test. In the right panels,
shades indicate the percentage of all the ensemble members.
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Figure 5. Composite patterns of SST anomalies on January in (a) El Nifio and (b) La Nifia years, and
(c) difference between El Nifio and La Nifia composites from observations and models.
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Figure 6. Same as Figure 4 except for precipitation anomalies.
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Figure 7. The average of the absolute values of the temporal correlation coefficients in the North America
region (see Figure 2) for (a) air temperatures and precipitation from observations (orange bars)
and models (colored lines for each model and gray bars for model mean); The correlation
coefficients of (c) air temperatures and (d) precipitation area—averaged over the Northwestern
America region (135°W-95°W, 45°N-75°N) with Nifio3.4 index. In (c, d), gray dashed lines
indicates the correlation coefficients that are significant at 95% level.
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Figure 8. Box-and-whiskers plot for (left panels) air temperatures and (right panels) precipitation
area—averaged over the Northwestern America region (135°W-95°W, 45°N-75°N) from 6
individual models and observations in December, January, February and March of the El Nifio
(red), neutral (gray), and La Nifia (blue) events(see section 2.3 for the definiation of the El
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Figure 9. (a) The PCC between the composite of Z500 anomalies for the El Nifio and La Nifia events
occurred in December to April from observations(orange bars) and models(colored lines for
individual models and gray bars for model means). The PCC between the 7500 anomaly
composite in December and that in the coming January to April for (b) El Nifio and (c) La
Nifa events.
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Figure 10. (a) The first EOF mode for the TCC patterns of surface air temperatures with Nifio 3.4 index
from 7 models and one observation and their associated (b) principal component (PC) for
individual models and observations. (c) Spatial patterns of TCCs between PCs and SST
climatology from models and observation. EOF analysis is performed with TCCs of winter
season (December to February). In (a) the explained variance with the first EOF is shown
and in (c) the TCCs that are significant at the 90% level according to the two-tailed student’s
t-test are color-shaded.
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Figure 15. First (left column) and second (right column) modes of monthly detrended SST anomalies

over tropical Indian Ocean. Percentage variance explained by each mode is give at right top
corner.
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Figure 16. Scatter plot of percent variance explained by 1 EOF mode over the tropical Pacific
(20°S-20°N, 120°E-90°W) versus percent variance explained by 1% and 2™ EOF modes over
the tropical Indian Ocean.

AE=QFY] SST W54 7% ENSOO| ol et & #e 2o= dHA St
(Klein et al. 1999; Xie et al. 2009; Saji et al. 2006). £3], IOBS] 39 ENSO2]
FF= ToF ENSO 2471 & 4-67114 Fof 244710 ol=2&= 2= L&A UAtHKlein
et al. 1999). Figure 17 (a)oll4] 5 9 7N =04 Uefh= I0B2F ENSO2LY]
SRIE 4= et T - ENSO2t IOB Afole] oF 47 9] A AgaaA 7 Ex)s}
UoH ol HFE R oAM= F Hostal oy CWBe 3+ ol&
A QSHHAE, PNUY B9 =2 ASAB/AE Hole A= YEH

X 1

IOD 7%, ENSO2t9] #el/d2 ofH5] oA 851 UA LATHWebster et
al. 1999; Allan et al. 2001), %9] IOD+= Fl Nifiodlol] ¥H¥5k= o] At} Figure
17 ()<} Zo] IODE= ENSO Xt oF 271 Adol= FakS Holw, ol=|gh E42 tii
Bo] wPoHr ol £ 9tk Iy CWBY NCEPY A% #H=3 g
IOD-ENSO A A#BAE Hole ZAo=E YEH
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Figure 17. Lead-lag correlation of monthly PC time series of EOF1 of tropical Pacific SST anomalies
and PC time series of (a) EOF1, and (b) EOF2 of tropical Indian Ocean SST anomalies.

Figure 18 5 2/JTe] ¥ HiEolA & == %ol 10D TE2 7|5t ow
OEFH AREE Java 3l AMOIA Z2 sl I g shrHes T e 85
of e} A AR, of wff QAo sijke Wt e EE a2 A SIS =
259 oIS ¥Al stol 10D e 83 J2e Sh= Aoz A AhLi et al.
2003; lizuka et al. 2000). °J2?t B8 A= &9 siH SE= SAA
A=Y sieds oS A teth AE ZPolM = 10D T 2719 #5953t
Higlo] Blw A & el QLo ARt Higols 2y He Afol7t EARMKFigure
18). T3t JJACY o]u] IE<F SSTO AL WA HZolA F==A]7] Al&sk=d|
HFsto], NASASF CWBE| 3¢ olzfet SAYF SST "AE & TEsiA| gh=r.
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Figure 18. Regressed JJA 850 hPa wind (vectors, m/sec), SST (shaded, °C), precipitation (contour,
mm/day) onto SON DMI.

Figure 4%} Figure 11, Figure 62} Figure 125 &3l ENSOY]| &J3t 7|23} 73<=2]
HAST digat 10D ofjt 7|23} J=0] AAH diglo] 4dd] fARE As &
4 QIt} Saji and Yamagata(2003)= ENSO G A|Q)st I0OD9] X|¥Z]Q] Hk-3-0]
187 92 A9t @5 e & Hel v Stk §9] BokAot dFEH(6-99) 719
747, ENSOF =321 10D9] 39| 712 SA:=e] 7% g2 WAt -Aet ¥, 10D
o Z2Q1 ENSO 9] 7|2 /g =t vt wiglQl &2 WA} fAISt B2 Hol=
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A0 eyt IPER ENSO2HIOD 932 SAlo] 1% 3¢ 479 o) vt
&0l el wet iAo 22 7] 2nkge EhS Byrt wEh 2 AL
ENSOuME-S AI7%t 10D9] ¥A/d¥e dopiy] st # AA|(partial
correlation}S 7310t | WA= 54 F g Al WA B o), A
39] W0 Ak AR} Skt ARG, H AEiAlE ofe] A3} o] Fafct.

Ty1 = TyaT12

pry =
\/ (1- 7"%2)(1 - 7'2)/2)
7"1/11__ TEHATE} 21409 HAEASTE, TyQT]:‘ SEHATE} v2A10|9] AEAISTE, T12

= 213} 22A1019] HBAFE 27 veidt), wef | A (pry)o] 237t -, Hok
A e, Y& ti7E 229] 932 et 22 ittt & Aok 2 1Y
oA ENSO BaKr,.)= A5t I0DS] 4=t 7]-20f thgt J3k= Lotk fIsh #
A AE ATl Blasiin. WA B52] At | S o7le] |
Aol sl F toto] Hlawst A, Table 20749} o] FotAlo} FHolA 1 Zpo]7}
7P FESAA Yebdt. 53] 7122 4% ENSOQ| = A%t 10D #AIE
5} A W ENSO &35 A|QJsHA] eh2 miHoh A Al grol S71she 3571 6%,
Al o7t FuilE 397 3€2 YERTH
Table 2. The number of months with increased magnitude and reversed sign comparing partial correlation

of observed DMI and atmospheric variables (T2m, precipitation) removing ENSO effect to
correlation of DMI and atmospheric variable over each region.

East Asia  South Asia North South Australia  Australia +
America America South
Pacific
T2M Increased
magnitude 6 4 2 0 4 4
Sign change 3 2 3 4 2 5
PRCP  Increased 4 3 5 5 9 4

magnitude

Sign change 2 2 2 2 1 2
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Figure 19. Correlation of DMI and T2m averaged over EA (grey bar: observed, blue markers: models)
and EA-averaged partial correlation of DMI and T2m removing ENSO (yellow bar: observed,
red markers: model).



I APCC MME AZ OI% Nz S &4 7IRHSRE, &8, 1211 tE 2 HlW

c. NAO

NAO #4719 B¥t ALH(12¢-29) 515 719 A9 ¥ 5] tig& AA
FH/oILE7E o2 EiAY FHAIHAA miP- F5HA Yerdth(Figure 20, 1
). 120 EhAGolA GETIFOR Y -2-3=) HAo] Eflol& &7t A
S} oA Q-2 HARS] A=A 27 SISt ERL, 2lAJof BRoA ARt
£ AA EA of|g]7} guttto] o2& A YofA= dlolB '] 7] ¥hgo] yERt
ok 199 A9, vl FEio 24 mgo] oA B g EgtolE& {27} of
J8AAL, 1% HEGolAE HolB & tijAl iAo A RE e xyo} By
& AQMHA] kY mjElo] YERdTt ol NAOZF BujA|g 23t 7|2 dAo] ujx|= HeF
of gt AFET AF AFA| o] AT = UK Cellitti et al. 2006; Walsh et al.
2001). /et ej7t | Gol| 4] 42} s E5] ofE|7} oA w9 5
o 29 1€} 71 Aol RAFSHAIRE, f-3/otzE|7} A ¢ 9] sfjelo] ofAjof tiEat 9l
TR0 = FRASH] staL FopE|7F BAse] ok wiglo] AlRbit). 3€oll=
ofrJopA|H o & BHE wjdo] S EoRE BEAEFel7A] mAs A &Rl
= ok, AP ZYolof| A= u-9- 7Rt 2 sfjdo] UEhAL o= 48714 olE= B
ot} /ot E|7HEE ofAloto] A UEhd 7|2 W2 4¥oll= A2 ARFAI AL Hi4l
HRIE, HHiEG 22 GHiA g LRl fuigt 7|2 ¥kgo] YERdTh

UM AFT NAOY] 7] ¥Hg2 7N EFElA ojAr da=A vepdot
(Figure 20, 29). 53] 51| A9} F-3/0t271E A1 ofAlot A e wj-¢- o
T SHARE QI A F] BFE-2 mi- I o] Q1 53] HEYgolss B

off ZAI5HA] e= By Bt 9] 7|2 Hkgo] - F3iskal A4 07 YEid 7%
Y HollAM, SH& oS- ENSOO] Higt Bhg-o=2 #2] A=l NAOHA] ENSOLt

4ol 27] HEe s sjadnt. 712 vhs9] 22t 2 AFoMe RYso] dud
IS HAHAL 34 o AHT & ML, wEkA 2o HisiM T THSAIE Fo

Fatshs SCM U 1 4 238 E-83 Alof= 2dT oA HAJo] BtEA] 8 Qas
ohal ek,

-
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TN 29 Be eSS SHE BIolF 7Hgsial a7 dide dwE 2
I, NAOS] 7|2 Rkg-2 FHlE Aot Uehhs 2g gl 4= eKFigure 20, 3
Q). Fot27} 7t /ot 7t A HofA wie- A
T QoA Fojulet HEe AR S s A QoMY 7] w2 E
FEE0] W HE BEe Holal digo] Wt SRR FotAobkA] ST 4
o ARl 712 BEg2 AEZtel - HEA YEAL o] IS ke
Figure 209] 2-3¢€ A3E vluwsl 29, LE °=‘°ﬂ 22 7RIS & 4ol visiA
Ve M7t B2 20 &2 7IAE € 37l sigolr a5 €2 4 oL
gt webA, AdlEolM itsks &g o 23 94 AE(PMME)}E °f=t 247}
ol A= HAH Ayolr ti7] RE Rk Aol AEsithal dkEn) SA[E o
PR A5 Fofuet siFeA Y] 7] HhEo] R AlRbA H2]7] hiZof|, d4
Fo7F " asitt
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Figure 20. Spatial patterns of (left panels) correlation coefficients of T2M with NAO index from
observations, and (middle panels) model consensus and (right panels) grand-ensemble
member consensus in terms of the correlation coefficients. In the middle panels, shades
indicate the number of models that the correlation coefficient at each grid point is significant
at 95% confidence level according to the two-tailed student’s t-test. In the right panels,
shades indicate the percentage of all the ensemble members.

NAO®] =gt Fofm|gt 3= Hhe-2 712 W3k FARE Aol A YehtA]et =7}
Cha ofstal 4] 0 2 UepdtH(Figure 21). 12890 HtiAFoIA E58F =4
FHS] =Elo] WELAL ol /RIS A9z sl 3E7HA] RAEET ARRHA]
AL, HiAl 48ols S BAloF FROA R S/4d9] =S4 |l wkgo] yERdth
120 AL B A Hol|A HolH wgo] 7] & WhE} A¥EA Ueht=H], ] A
QoM 5 250l 2t FrdT T2 AT FEYE] o] NAOLE B = o] v
Ehte 2o dtdn. Hot2|7h tiEolA A= B2 wl-¢- F-52jelal A 7|ZtellA
FAEE W2 UERA] AR 2499 Ayt S ARRESE v Fofsitt
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U HEAE P 7IFEE 9S40 Q3 Frf SOl 2 4 He] gick
olo} iAoz AR PARE EgHolt AT BAolAE serolAe] fejuls
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Figure 21. Same as Figure 20 except for precipitation anomalies.

WA ATBATY EAoA, BFA 7§ HE ¥R TS HIs| tha A AE o]
UEbe A3 HRlt ofe)7} 712 BEE-2 BSoA= 390 tha: ofsls =t 23
oAz o ds] o] Fok 4Y7HA e RAEE Bgo IfHFigure 20). Hl= @5
52 "] 39, #5024 Hd AeE H]l ¥ oftEed Hs) 239
P2 397HA] Aot=AL 11 o] Fof| ofStE]E RG-S HRlth JolA e By vk
/d A|do] F3IeH|, /A5 s A9 2] Hgo] HgollA 3e7kA] dit/do] AFstal thA]
& AFA HHE 497 % GA = FdoltkFigure 21). A all& ZPolA vt
L= NAO HE2-9] B3 ¢S & ¢ AFFoF molsly ol AYsi= 2y Y| 9dgh
AATSEALA Bhe

NAOO] thgt 7|2 9 7= ¥kgo] dufut AA| Al FARH ZOj==A] Ao
2 ZRIs17] Yol AHIAY 7k PCC 4 5t thFigure 22). 54182 PCC

i
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9] = HES/3¥e] PCC g Blugho =M NAO HHS FA1/A| o7&

H o

o] HoflA A PCC7E 171E Al B53e] PCCET Yot

ua T
S Al719] BhS-S AAsHA Hofot= ACE BRIt spA|u, 3-499] A9 7|2/Z
oA 171 A A7 #539] PCC7F SAIAS] PCCHE 23, 71 Zpo|7F #59
Aol Y#Ql gl 2718 Yol ke folulsitt. 3-49 o= AE By
< Hols F9UF ey I A7 FAIE Wit eEe s wuE,
NAO & t2m NAO & prec
B simultaneous B simultaneous
0.61 1M lagged 0.6 1M lagged
0.44 0.41
[ ]
0.24 0.24
0.0 'O I i I 0.0
= O
o ZI
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Figure 22. PCC of NAO regional response patterns (temporal correlation coefficients shown in Figure
20 and Figure 21) between NCEP-DOE and 7 models average for (a) T2M and (b) PREC.
PCC is first calculated over individual 6 regional domains for each of models then they are
averaged over all domains and all models. Dimgray and orange bars display simultaneous
and 1-month model pattern lagging relationships, respectively. Circle indicates the difference
between two bars thus closed circles denote the months where 1-month lagging value is
larger than simultaneous ones while open cicles denote the months where the opposite is
the case. Blue lines indicate the mean amplitude of temporal correlation coefficients over
domains.

et o
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ENSO-NAO9] #3dS AmHH, 530l #ZolA F A3 27 olHA,
RYPoxNE F 7|FHE Aol o] vfe- =4 YR THFigure 23 (a)). ENSOt
9|(&9) BRG] EF Aol A Uehs A s %BHH 3-4¥9] NAO &t
< Ado] gt ENSO2EY] Aol dAdtd Aog 5T 4= ltHFigure 23 (b)).
NAO A|995k3o|u} ENSO ¥4 T 29| A= Edﬂh:} Ekétﬂ ENSO #34 =t
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g 2o POAMACIA 7F¢ 23, NAO AHEHSS POAMAE)QF PNU(T)olA
7 2 Aoz JePdthFigure 23 (o). 3HAIR 77] 2@ AFE T oA ENSO T4
Il 2ok NAO A|ilks Bk Atol] fojulst #ads 2= 4 |t

(a) (b) (c)

= 0BS ° 2m ® apcC ®
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ﬂv.; a 0.5 ¥y MsC
S o2 c W NASA
3 I}
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Figure 23. (a) Correlation coefficient between Nifio3.4 and NAO indices for 12 months. Dimgray bars,
color lines with white circles, orange and orange bars are for NCEP-DOE, 7 individual models
and their average, respectively. Squre indicates the difference between NCEP-DOE (dimgray
bar) and 7 models average (orange bar). (b) Models average based scatter of ENSO-NAO
correlation difference (squres in (a)) and ACC difference (circles in Figure 22) for 12 months
and (c) the scatter for individual models during March.

NAO2] &4 "kg x]lo] gt ¥9lo & ENSO A B4 A7) Ad 2oS
oJAls] B 2= 99lth. CWB(SHeE Adto] i 7] BE)9F NCEPS A|9Jst tjEsiol
HEL Nino3.49 549 Ad 58 7h&4d ENSO ¥, AZd 47|, ¥4 45

NS TET i FARH mojekal glof(Figure 24 (a), ENSO 47| AdL gl
Ao glgrt. akAE NAOE= POAMAE AQIsh tiHio] migo] 1 47|15 3¢¥
2 A ®2OJotal QItHFigure 24 (b)). &, NAO Fd HEA A717F 392 A= of
UEl= A2 ENSO 54 Al Hrl= ENSO-NAO ##Ado] 39of| Hfimol==
A(Figure 23 ()} A3 H o= Holrh 121 ENSO-NAO #EAdo] mpfrol=H
A NAO 43717} 3¥€e] Vel 22 NAO ¥H3o] 4A1/AdE= &) 1hgo] e
AHE Z o= uopErh &4 tiiEe] dd BB HEHCERE U 7% 1Y
o] EAS ojAls] Tl Axtg Holth ENSO Al1do] 733t AL SSTE 27|40
B AR A9 271do] WA oR A=l BF Alo] vigE Zolhks F4 9
o] 7Fs3tet &, A’ ENSO Al71do] tf7] 2AH] gojB Ayt Feiz S8 oAt
A9 SSTE WH3MAZ 4= 3l=Tl(Sutton et al. 2000), ol & thAFe] A w¥Hgo]
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Figure 24. Standard deviation of (a) Nino3.4 and (b) NAO indices of NCEP-DOE (dimgray bars), individual
models (color lines with white circules) and modes average (orange bars) for individual 12

monthes.
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WA BE EHAS A9 SST7F NAO &340l dF= 718 7ol Aast A
H, ZZolA EAY SSTO] mean bias?t NAO 515 7] ¥h3ollE 47 F& 7]o]
Zo® 7|qE 4 Qv £ WHom FHE B4S 49 SST Batgol His 3
23 EAA oA siEo] 40.8%F dshe 222 YEldtHFigure 25 (b). 5.
Aol A oz wEsiAA Y A2 c® ARl FES] Bt Hd ol
QlETt 87 AMEZof st &+ FE 7719 Ex(Figure 25 (o)Al PNU, APCC +
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Figure 25. Leading mode of (a) t2m response of NAO over Europe and Asia continent and (b) mean
SST over North Atlantic when conventional EOF analysis is applied to the patterns of
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Figure 26. Same as Figure 4 except for £2m with WP index.
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Figure 28. The 1° EOF mode of (a) t2m response of WP over Northern Hemisphere and tropical region
[30 "E-60 "W, 30°S-60°N] and (b) its corresponding principal component of individual
models including NCEP-DOEANd the spatial pattern of correlation coefficients with predicted
T2m and WP index from NASA (left panels) and POAMA (right panels) is displayed in (c).
Marked areas represent the confidence levels of 95% according to the two—tailed student
t-test.
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6 regional domains for each of models then they are averaged over all models. Dimgray and
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Figure 31. PCC of T2M regional response patterns of 4 climate modes (shown in Figure 4, Figure 11,
Figure 20, Figure 26) between NCEP-DOE and 7 individual models. PCC is first calculated
over individual 6 regional domains for each of 12 months, then they are averaged over either
(upper panels) all domains and (lower panels) all months.
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Figure 32. PCC of precipitation regional response patterns of 4 climate modes (shown in Figure 6, Figure
12, Figure 21, Figure 29) between NCEP-DOE and 7 individual models.
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Figure 33. (Lower four panels) correlation coefficients between climate index of four climate modes
and precipitation at each grid and (top panel) a graphic altogether showing climate modes
having 95% confidence level correlations for october.
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DEC: modes affecting regional tem erature
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Figure 34. Same as in Figure 33 except for 2-m temperature.
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Figure 35. Areal fraction of 15 different kinds of climate mode contribution to 2-m temperature (T2M)
over 6 regions for 12 months. Blocks with grey starred bars indicate the fraction of grids
where single atmospheric mode is affecting T2M. Blocks with black solid outlines indicate
the fraction of grids where clime modes more than one are affecting T2M.
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