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Summer Broad-Scale Circulation
SUMMER MONSOON
{Northern Hemisphere)
40»N 3
~ PACIFIC
OCEAN
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TROUGH Surface
HEAT SOURCE ) ‘%

Surface
air flow,
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20 N
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1000 2000 mi

e
i@ 2008 Encyclopadia Britannica, Inc. 0 1500 3000 km
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Winter Broad-Scale Circulation
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Bl Sotajol-tttE A2 7 $HE £

Barents-Kara Sea st Zt40f 2 Cf7|HE
[Mori et al., 2014, Nature Ge_osci.]

80° N St

AOO]f| [}2 FOfA|O 7|2 HE
[Jeong and Ho, 2005, GRIL]

o
]
=

Latitude

B
]
=

150° E 180°

60°E 90° 120°E

Longitude

‘
‘

20° N Sl

0° W 0° 30°F

E

I I I I
-32 -24 16 08 08 16 24 32 40 48 56 64 72 80
Near-surface air temperature (°C)

UL 0ff I}E SOLAOF HE
[Wang et al., 2000, J. C/im.]

{a) EI Mine composite SLP and winds

-}37|
) ‘_ J ‘

'a‘tl

BOE  BOE 100E 120 140E 160E 180 1EOW 140N 120M 100N BOW  6OW

MJOo]| [}HE SOLA|OF 7|2 HE
[Jeong et al., 2005, JGR]

Phase 3 (274 pis) Phase 7 (238 pts)
k" ..L" s s :}
ey | E Y & ,‘ ‘
XA‘E’-'* HE » J \ﬁ:"
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SOIAOt AZE= K|+

« Li and Yang (2010) x|

Li an.d Yang UIZOO Clim:f\tology

60N [EAWM = {[UM’(B{] = 35°N/90 — 160°E) — Uy)(S0 — 60°N/70 — 170°E)) +}/2_

[U (30 — 35°N/90 — 160°E) — U,,,(5°S — 10°N/90 — 160°E)]

200

4.0 - - - - -
30N 4 ; ; ; —FEAWMI
4 ! E ! ——Seoul_Temp
R : 1 -——AQ Index
2-0 i [FY)
0 —
0.0

60E 90E 120E 150E 180

B[ [ -

-70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 70

Regressed U200&T850
% A 1 R 1 2 1 R

-4.0 | T 1 T T T T T T | T | T | T T T
]
1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

L
—

AE =K, AOK| = &
AOK| =, MEa2 T o 2HA =

[
2 -16 -12 -08 -04 0 04 08 12 16 2
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7= = =1} ENSO, A0 24| 2| H3}

(a) 11 Year SI|d|ng Correlation
=—EAWM & ENSO

o feawisro | AO2t EAWMEHA| OFBHE

0.2

IlIIl

- ¥

-0.2

-0.6

IIIIIIIIIIIIIIIIIII

-0-8 \A
‘ He and Wang 2013; Kim et al. 2016 &
‘ a ZFoH Xl o ’ - ©
-1.0 L N L L B N B L B B |EII\|SIO|9-|: EIA‘lNll\/III_II-Z.Il PIOI'—;—'— ﬂ%‘,‘g:rlgl' %OEI &I- 7E:|J_I-I'

1985 1990 1995 2000 2005 2010
(b) 11 Year Sliding Correlation

0.6 |=
--_@Q%%ﬁ’%}%eaz”o,o —ENSO-EAWM corr.
+4— index*( -=AO- -’
0.3 ——Wangetal 20092 AO-EAWM corr. -
: —-Wang and Chen (2014) o
“=Yang et al.(2002)*(-1) W
—==Jhun and Lee (2004)
0.0 — :

CHE EAWM X| S AL

0.3 of = H|=xot ZuIE 5

-0.6

-0.9

1985 1990 1995 2000 2005 2010 Kang and Lee, Clim. Dyn. 2017, in print
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- NMME (North American MME) R M 5
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Prediction Skill (ano. corr.)
Surface Temperature
(Init @ Nov.)

A H (Prediction Cliff)

Tsfc Skill map from GloSea5 Nov. Init. (1996-2009)

0 30E B0E 90E 120E 150E 180 150W 120W S90W 6O0W  30W 0 ] 30E 60E 90E 120E 150E 180 150W 120W 90W BOW  30W 0

| | | |
-0.8 -0.65 -0.55 -042 -0.1 0.1 042 0.55 065 0.8

Gray color is statistically significant level less than 95%
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NMME A 20| = X &

The North American Multimodel Ensemble

Systems Reforecast period Resolutions Ensemble Members / month
CMC CanCM3 1981-2010 T63 (~2.8°), 31 levels 10 (first day on each month)
CMC CanCM4 1981-2010 T63 (~2.8°), 35 levels 10 (first day on each month)

NCEP CFSv2 1982-2009 T126L64 (181%360), 64 levels 8 (around first day on each month)
GFDL CM2.1 1982-2009 2°%2.5° (90%144), 24 levels 10 (first day on each month)
NASA GEOS-5 1981-2012 1°%x1.25° (181%288), 72 levels 7 (around first day on each month)

DJF-meaIn Output

Oct Nov Dec Jan Feb

I 14 years 14 years I

I I I
1982/83 1996/97 2009/10

» Decadal change of seasonal prediction & teleconnection are investigated
(decadal PaCIfIC reg|me Sh|ft |n m|d/|atE'19905 [Bond et al. 2003; Mantua and Hare 2002; Overland et aI.2008])
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« Li and Yang (2010) Index

(@) EAWM Index (b) EAWMI Skill (1983-1996)

3 A 1.0 B Lead Omon
. 22 T ® Lead 1mon
) : Lead 2mon
2 4 0.8 - @ Lead 3mon
- ] © Lead 4mon
i 2] @ Lead 5mon
1 4A /\ 0.6 —
. il ) 0.4 —
i 2 e f
-1 aObservation V W \ 02 B
MME / N Pa ]
CanCM3 0.0 = T ] T 1 T
"2 o A MME | cancM3 cCancm4| | cFsve | | om21] GEOs5
GFDL-CM2.1 i
-3 GEOS-5 (c) EAWMI Skill (1997-2010)
1 1 | 1 I I 1 | 1 1 I 1 1 1 1 | 1 1 1 1 1 1 1 I I 1 1 | 1 o __ . Lead Omon
1985 1990 1995 2000 2005 2010 e -] tggg ;mgg
0.8 = & Lead 3mon
] B Lead 4mon
2 Lead 5mon
0.6 —
e L2 MME 0|44 = (Lead 0-month: § & R
5| 248) 02 - |
- DElZio| HAIZ} 2 (CFSv27t 7HE &2 A ol 1o | - |
| -
3) MME | CanCM3 CanCM4| | CFSv2 CM2.1] GEOS-5

« X2 1997-2010 7|7t HAE o|Fds TA
(CFSv2 0f|2])

Kang and Lee, Clim. Dyn. 2017, in print
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%45 (1983-2010 T 7| ZH)

(b) Correlation (NINO3.4, EAWMI) 1983-2010

0.6 - B Lead Ofnon
1@ Lead 1mon
(a) 11 Year Sliding Correlation 0.3 —{ & Lead gmon
0.2 —}—EAWM & ENSO i
+—EAWM & AO 0.0 |+ = e
oA -
02 = 0.3 -
-0.4—3 1 | ___ _ _ Observatiop | e e e
: -0.6 —
-0.6 — ]
e e | T T | | |
e S AR SR AR AR TR MME CanCM3 CanCM4 CFSv2 CM2.1 GEOS-5
1985 1990 1995 2000 2005 2010 (c) Correlation (AO, EAWMI) 1983-2010
0.6 —| @ Lead Omon
L =y N 18 Lead 1mon
« (=5 E4) 1990ArLH 4t ol A 0.3 - Lead 2mon
=1} ENSOZ| ‘-*71| ZolE, AO ]
oto| B 2tsf 00 — -
03 — I_|
1 B o | Doservatiol [
-0.6 —
44 | | | | | !

MME CanCM3 CanCM4 CFSv2 CM2.1 GEOS-5

Kang and Lee, Clim. Dyn. 2017, in print
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A== X+ 0585 (1997-2010 Z| 2 7| 7H)

(b) Correlation (NINO3.4, EAWMI)

0.6 ]
. . 0.3 - :
(a) 11 Year Sliding Correlation -
0.2 4—EAWM & ENSO 0.0 ] _ - _
+—EAWM & AO = m w
0.0 e e i
0.2 -0.3 1
-0.4 — 06 N
06 B i R Observation: == .. e e e
0.8 — -0.9 [ [ | [ I I |
10 +r+rrrr————————————————— MME CanCM3CanCM4 CFSv2 CM2.1 GEOS-5 GloSea5
1985 1990 1995 2000 2005 2010 _(C) Correlation (AO, EAWMI)
0.6 —| @ Lead Omon
1@ Lead 1mon
0.3 - Lead 2mon
*1997-2010 7|7t &EF, 0| S s =20 2. i S S— Observation |
- Z4THENSO / 2Fgt A0 A 2 Y 0.0 1= - = —ﬂ_ - . '
*1997-2010 7| ZH O Z A5 Y2 . €87 I |
- %5 ENSO / Aot A0 2HA|H E ¢ 06
0.9 T | T T T | T

MME CanCM3CanCM4 CFSv2 CM2.1 GEOS-5 GloSea5
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EAWM Regression (83-10, Now. init.)

SLP

Precipitation
(b) CanCM3

(a) Obser\{ation (CEPCP) (b) CanCM3 ' (a) Reanalysis (c) CanCM4 R- -0.86

R=-0.87

R=-0.65

Correlation = spatial correlation with AO-related SLP

-+ 1997-2010 7|2t =5, 0|53
- 4Bk ENSO / 2% AO 24|

e 1997-2010 7|2t 0= &
- 9fgt ENSO / &gt AO A9 2 ¢
(HE2&1 AOE 72| SYS HEREER 0%

Kang and Lee, Clim. Dyn. 2017, in print
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g Pacific East Asian Teleconnection (PEAT)

* PEAT (B. Wang et al. 2000)

* Northwestern Pacific: 850 hPa anti-cyclone

D O Cyclonic
AR y » Northeastern Pacific: 850 hPa cyclone
- - \ . 0
I\\ 7 O Anti-cyclonic * El Nino -> weak EAWM (warm East Asia)

850 hPa 200 hPa

Deceleration of—~
tRe East Asian Jet —==¢

- :
X 7
X Y §l wet 2
7 —
- \\ ’

m b = -

» "
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ENSO Regression (83-10, Now. init.)

(a) Reanalysis (GPFP)
Precipitation {/,=". P
200hPa wind~1

S $A_‘

- Mt NN Y
~ 0~ SN Sy 7
308 . T T 4+ T T
60E S0E 120E 150 180 150W 120w

L R o e e oo S o 5

........

S e A P D e e
2 A A=

L)
60E S0E 120E 150E 180 150W 120w L 3 w 6OE 90E 1206 150E 180 150W 120w sow 3 w

2 -16 -12 -08 -04 0 04 08 12 1.6 2

¢ B-M 25 EAL c -2 TS mAL
- wavenumber-2 structure in the Pacific - wavenumber-1 structure in the Pacific
- Strong ENSO-influences on Monsoon flow - zonally elongated ENSO teleconnection (AO-like)
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Bl cNsoof RHEE SIS LK (T850) O EAS

Y [ [Uqg(30 = 35°N/90 — 160°E) — U (50 — 60°N/70 — 170°E)] +
Li and Yang (2010) Index 1EAwM = {[UM}{S{] — 35°N/90 — 160°E) — U, (5°S — 10°N/90 — 160°E)] [/ >

Regressed T850/U200

Observation” ' " 1983-2010 Observation " > " 19832010

_____ . == ==

\“
—= 60N =

60N =~

-
-
-

- -
------

-
- -
-

________
-
.....

30N = 30N = SS==f

—m—-

---------

-
- - S
S - s eemERISS

-
rrrrr

-
: -
- - ’ ‘s s

anF 120F 1R0F 180 150W 120W anw 9OF 120F 150F 1R0 150w 120W 90w

T8500g5(X,Y,t) = RegCoefcyso(X,Y)*NINO3.4 SST(t) + €(x,y,t) LinRegenso(X,Yit) = RegCoefyso(X,Y)*NINO3.4 SST(t)
RMSEgnso(t) = [RMSE(LinRegeynso(X,Yit), T8500gs(X,Y:1))]

RMSEgcsr(t) = [RMSE(T850kcsr(X, Y1), T8500as(X,Y:1))]

*[ ] <- area average

t = 28 years,
low RMSEqyso vears: 74 28 SO0FA|OF 7|- 20| ENSORHE E 7| 2 [ 8 MHE|s of

- - O

low RMSE; years: L& 9| AEE SO0MA|OF 7|2 0| S At7F 2 of

LMNIST 16



S O0FA|O} X T2 RMSES| Al A (Nov. init.)

RMSE from Observed T850 Anomaly
[ S T T N N I S NN N SN S NN [N N SN SN NN N [N SR NN N S

3.0

m [ éMSEI
] B RMISE\, o0 RMSErcer MME
2.5 1 3 RMSE,.;; MME :8228%2
= CFSv2
2.0 4 I\ M2
1.5 4 //
B /- N J
1.0 O NRN N\
AN
0.5 ‘
O-O | I | | | | I |

1985 1990

S OFA|O} 7| 20| ENSOO]| O|3ff CH5 2 ME |
dCj 2 ENSOQ| 2010]| o3t S EHE 0 X2

>rr
N
gl r|r

CORR. (RMSE 0, RMSE;.c; MME) = 0.82
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291

. HEE& WISl 5 20| ENSO #Z AFR0| of =
-CFsv2 572 O|HO| &= DIF 4 S 24X/ 4= 015 7H5 (r=0.6)
-MMES ZBist 20| TS 1742 O|MO|E 0% 2 Its
- SOFA|O} 7| 20| ENSOO| 2J8f T2 B E| = oo 2 2 oS 2%

« 1990 CH =HI 0| = ENSO-EAWM ZHA| 7} Zt5}

-ENSO2| Ff=H0| S5

(+AMO, -PDO, A Eff HQF 2 Lt3} =M 2F 20| QIO E )
e ENSO-EAWM ZEAH|E EF B O|8}X| 26}= p o

- AOR} EAWMO| 1 20| {22

- OFS} ENSO-EAWM ZHA|

- GO MEfE Y| MakE ENSO Z =7t =82 /9l

- HEEH Zo Mol AzsEe 05 ds /MM SR
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AotN-EA M eHo| A2 S0t 0 EF5MHs 7 M 7Fs (Kim HM et al. 2013)
Predictor Predictand

L S0 5Tt 20| B7|2H S| 2et4 2ol

- - O /@ -

-> Predictor selection (0| = QI X} M)

0%
rE

Large-scale climate EAWM Index

oscillations (ENSO
( ) 2. leave-one-out cross-validation & -&

Observation > OjE CH2 CFE 3| YA %
1 History

Forecast

History

3. DEHOSEO o ZQXE EA A0 O
Transfer function >4 2= K| A A

(Statistical model)
Leave-one-out Cross-validation

«4—— Total Number of Dataset ——»
Regression Coef. 1 I [aveses [ |

Regression Coef. 2 | | [ereens [ I ‘
Training

Independent : : O Validad
Forecast Regression Coef. 27 | [ [cenees | [ \ hcation
Forecast

Regression Coef. 28 | [ [eeeree [ [ |
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0 % QI X} M

Correlation Map (&= EAWMZX| =, MME of| H 7| €} field)

P1=SLP (5S-10N, 90-120E)

N P2=SST (5S-5N, 90W-110W)
\
308 \ O' “ i .
Correlation Map (2= EAWM X|2~, MME X|H 2 & field)
80N ' 1 1 A A - l.‘ — “n;?- M 1
% 1month

L] L] L] L] L] L] L] L) L]
0 30E BOE S0E 120E 150E 180 150W 120W 20w s0W 30w 0

EITTTTT T T 11T TT T
-0.9 -0.75 -0.6 -0.45 -0.3-0.15 0 0.15 0.3 0.45 0.6 0.75 0.9

2} 0| 5 Qe 7|2 H &g 9f o 2h2kA| (**=99% significant)

Correlation EAWM NINO3.4 MME Prediction Skill

b/w indices index SST (0-5mon lead)
P1 -0.65** 0.82** 0.84-0.71**
P2 -0.5%* 0.96** 0.96-0.85**
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olO|HE|E 0585

AWMI Skill

AWM s _ gir
2.0 i R=0'4 (1983'2010) —M% EV Forecast N 1983'1996 E Egiggmgﬂ

1 /\0| =AM S R=0.8 (1997-2010) — paican B ~ Color: dynamical prediction
— £ 06 & Empty: Hybrid prediction

] s i

. © 0.4 -
0.0 N

] 0.2 —
-1.0 E 0.0 _:

] MME ~ CanCM3 CanCM4 CFSv2 CM21 GEOS-5
20 AWMI Skill

1 (lead Imonth)| 8 L34 Imon

I I I I I

I
1985 1990 1995 2000 2005 2010 4 g

Lead 2mon
1997_2010 @ Lead 3mon
® Lead 4mon

_: ,,,,,,,, @ Lead 5mon

£ 06 | -- i I 1
[0} -
§04 _:

214 b} BIX 0| 2 +2: 6{0|=2|C 0] 5 > z

IstoEM 0.2

= T /1 O O ]

» 90EHLCH O] = ENSORIEH S 1, EA|-Hat gfH 0.0 =

O =ds 57t MME CanCM3 CanCM4 CFSv2 CM21 GEOS-5

WUNiST 22



E 0=

H} EH
(=2 — |
T850_Hybrid = T850_model + RegCoef_obs * (EAWMI_hybrid - EAWMI_model) * 6, 4e1/ Oops

T850_model = €<t0j|= A1}

RegCoef_obs = % 7{ 22 =X| 2} 18509| 3| A+

Omodet/ Oops = AL EEHKIO SEA 27 Zke| A7|5 =F £+= 785011} CRU SAT X} &
o| é,-T'.;|'7-'||-|- (1997- 2010)
EAWMI_hybrid = cross-validations -2t 60N .
SO|EE[E 0|5 A=K+
EAWMI_model = 9t AO| HZ 2+ K| 50N

40N

T8501 Surface Air Temperature (SAT)2| Z2tA| 7t

30N
O 37| Uj-20 (correlation 0.9 O|Ah)
AN 222 050 28 7= -

100E 120E 140E

T I
0.3 0.4 0.5 0.6 0.7 0.8 0.9
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sto| 22| = 0 M5

Lead 1-month DJF T850 Skill Map (1997-2010)

At 0= M5 stol= 2= o= HS
CanCMS3 CanCM3
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sto| 22| = 0 M5

Lead 2-month DJF T850 Skill Map (1997-2010)

a3ty o =M s 510|122 C o) =ML

-1 O O -1 O O

60N
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risT 6}0' E EI E ml é *o-l %

7850 0| =M S 7 M E (310 E 2| E — ¢5HH| =), DJF 1997-2010

Lead 1-month Lead 2-month
MME CanCMSI L MME | CanCM3

BN ————— L —————— L 60N N ———— |
5 - o - i ] -
] -1 ]
40N -E\ \ :—4ON -:I 40N -E
son - ' '  aon son
q q
20N - — — 20N — T T 20N - T — 20N - — —
100E 120E 140E 100E 120E 140E 100E 120E 140E 100E 120E 140E
CanCM4 CFSv2 CanCM4 CFSv2
60N — L 60N — L 60N —_— L 60N — L
o - L o < i} a o0 - o - i} :
] -1 1 -1 ] ~1 ] v
40N — 40N —: ﬁf _ 40N —} : L on —: f‘é _
30N —: ¥ r 30N —: = :— 30N —: ” 30N —: . :—
] i q i ] q q i
20N e 20N 1T 20N 17—+ 20N 1
100E 120E 140E 100E 120E 140E 100E 120E 140E 100E 120E 140E
CM21 GEOS-5 CM2.1 GEOS-5
60N —————— N f——— N f———— L 6N ————|
~ g ~ s ~ s ~ s
-1 ] .~ i ii;’
40N —- v ‘V i 40N —- 40N —- V '_— 40N ; 1 i
30N ; 30N —— 30N —- 30N —— i
] I‘ : ] /‘ ] f’ :
] d ] q ] q S q i
20N < 2N L 20N e 20N <
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BT T T 7 7 [ 1T T T T e EENT T T 7 [ 1 T T T T T
-0.4 -032 -0.24 -0.16 008 0 0.08 0.16 024 032 0.4 0.4 -0.32 -0.24 -0.16 -0.08 0 008 0.16 024 032 0.4
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Korea-Japan T850 index
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MJOQ} SOIA|OF S 2 &9 &4

1980-2014 Phase 5

60N = b~ Hl. B O =L=—
S . MIOO| I SHEPEHANMI S w3} (B AL>EH2 Bt
P & ] 1974/75 - 2000/01
Phase 3 (274 pts) Phase 7 (238 pts)
__________ . * N o ° { » ‘:’
Sl i s - 20N | .& A o
Il l'\ 4 Z t:.’xg“’". 4 . o S e
B 9052 120E e ’t’,“;“g:. Ao, . 4 3
60N ffie 1 60N 1= » i‘ = "
~~~~~~~~ y.f.‘ N "~ nE 1208
40N ::—"'-.-\“‘\\\ (: . <— 40N Phasc 4 (193 pts) Phasc 8 (205 pts)
A0 ) . ..+ eongetal., 2005]
: E -.&“ A ‘ 4 Q!. &
12Ios ‘ e 159 v "";1‘? 158 P
= — = W ey % | 1

S

F ot TR
1 -

MIOO|| [}2 SOFA[OF A E2=X| 4 He}

3
S MJO-EAWM Relationship (1979-2014)
YN 2 0.8
e 1:‘05 =0e 0.6

Phase 8

0.4
Olz . .
0 — —
-0.2
0.4

-0.6

EAWM Index

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Phase 6 Phase 7 Phase 8
ml -0.66 -0.47 -0.09 0.39 0.63 0.44 0.01 -0.47




ENSOO]| [} 2 MIOO| I E A

Normal Condition

Moist Convective Regime
(Indian Oean~Western Pacific)
= 4-5 m s (slower)

& 5 Dry Regime
. A \ ' (Eastern Pacific)
= 10-40 m s’! (faster)

[Salby and Hendon, 1994; Bantzer and Wallace, 1996]

El Nino Years

* Faster eastward propagation in the
2 Western Pacific, short MJO cycle
ol e i (drier & walker circulation)

* Weaken MJO activity in the
Western Pacific (weak ISV)

* La Nina -> slower, strong MJO

El Nino Years: Faster during phase 3~6
La Nina Years: Slower during phase 3~6

rhisT




g k| 1 2t LE-like SST trend2} MJO Phase®| 27|

La Nina-like SST Trend (1992-2011)

SST trend
60°N
40°N
Occurence. (Phase day amp>1) NDJFM, 1980-2014 - ]
: @ 1980-1996 I
- 819972014 0 I
20 — 1 4
. 20°5
16 — 1
. 40°5
12 — J
. 6005 TR A L P S J :
® 7 60°E  120°E  180° 120°W 60°W
4 = England et al. 2014, Nature CC
0 —
Phase 1 Phase 2| Phase 3 Phase4 Phase5 |Phase 6 Phase7 Phase 8 Historical Sea Surface Temperature Index

« I A2 efLLRMEE Y 2 etz 4ot
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2016/17 Winter

SST 3Monthly Mean Anomaly (Dec 2016 ~ Feb 2017) Weekly ENSO indices
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MM 2016/17 Winter

Normalized GPH anomaly (65°N—90°N)
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D. Kang and M.-1. Lee* (2017), ENSO Influence on the Dynamical Seasonal Prediction
of the East Asian Winter Monsoon. Climate Dynamics, DOI:10.1007/s00382-017-3574-4
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East Asian Winter Monsoon

EAWM Regression Map (1983-2010, Contour-U200, Shaded-850hPa Temperature)
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CMIP5 ENSO-EAWM 2| (CMIPS AMIP)

Precip. ENSO Regression
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g Decadal Change

Table 3. Correlation coefficients of DJF-mean EAWM with ENSO and AO, respectively, for the observation and each forecasting
system. Single and double asterisks indicate statistical significance at 5 and 1% levels, respectively.

Correlation between EAWM and ENSO Correlation between EAWM and AO

1983-1996 1997-2010 difference 1983-1996 1997-2010 difference

Observation -0.42 -0.83** 0.41 -0.52 0.13 0.65*
CanCM3 0.29 0.61* 0.32 -0.20 -0.52 0.32
CanCM4 0.02 0.27 0.25 -0.41 -0.48 0.07

CFSv2 -0.84** -0.77** 0.07 -0.15 -0.26 0.11
CM2.1 0.72** 0.70** 0.02 -0.75** -0.80** 0.05
GEOS-5 -0.47 -0.27 0.20 -0.19 -0.41 0.22
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ENSO Regression (Precipitation)

Precipitation Regression onto NINO3.4 * Strong ENSO-EAWM models: East/West
(lead 1 month, 83-10, dot: 95% significant)  Weak ENSO-EAWM models: North/South
(a) Observation (GPCP) (b) CanCMS3
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Initialization Dates

Table 1. Initialization dates of the ensemble forecasting systems investigated in this study. Each system has long-term hindcasts for
1982-2009 with different lead time from zero to five months targeting for boreal winter (December-January-February). Numbers in
parenthesis indicate the number of ensemble members at each starting date.

CanCM3, CanCM4, and CM2.1 CFSv2 GEOS-5
0-month lead Dec 1 (10) Nov 27(4), Dec 2(4) Dec 2(7)
1-month lead Nov 1 (10) Oct 28(4), Nov 2(4) Nov 2(7)
2-months lead Oct 1 (10) Sep 28(4), Oct 3(4) Oct 3(7)
3-months lead Sep 1 (10) Aug 29(4), Sep 3(4) Aug 29(7)
4-months lead Oct 1 (10) Jul 30(4), Aug 4(4) Jul 30(7)
5-months lead Jul 1 (10) Jun 30(4), Jul 5(4) Jun 30(7)
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