Table S1. Correlation coefficients between EMI, TNI, PMM and EPW (NINO3) for JJASON. The values in parenthesis are those for ASO. Correlation coefficients above the 95% significance based on student’s t test are in bold.
	
	EMI
	TNI
	PMM
	EPW

	EMI
	-
	 0.86

 (0.87)
	 0.53 

 (0.51)
	 0.17

 (0.23)

	TNI
	 0.86

 (0.87)
	-
	 0.70

 (0.66)
	-0.14

(-0.07)

	PMM
	 0.53

 (0.51)
	 0.70

 (0.66)
	-
	-0.42

-0.40

	EPW
	 0.17 

 (0.23)
	-0.14

(-0.07)
	-0.42

(-0.40)
	-


Table S2. Hurricane indices for the eight strongest CPW years during 1950-2010. The number of tropical storms (TS), hurricanes (HR), major hurricanes (MH, categories 3-5), accumulated cyclone energy (ACE), and number of United States landfalling hurricanes (USL) obtained from HURDAT are shown. For wind shear, the vertical wind shear (VWS) anomalies in JJASON are averaged over the main development region (MDR, 85°W – 15°W, 10°N – 20°N). The values in parenthesis are those after the influence of MDR SST is removed by using the method of linear regression. The regression coefficient (a = -1.96 m s-1 oC-1) is above 99% significance level (see Figure S1).
	Year
	NINO4
	TS (#)
	HR (#)
	MH (#)
	ACE (104 kt2)
	USL(#)
	VWS (ms-1)

	2002
	0.96
	12
(12)
	4 

(4)
	2

(2)
	63.5
(57.1)
	1 

(1)
	 1.3 

( 1.4)

	1994
	0.89
	7
(9)
	3 

(4)
	0 

(1)
	28.8 

(50.8)
	0 

(0)
	 0.0 

(-0.5)

	2004
	0.88
	15
(12)
	9 

(7)
	6 

(5)
	227.3 

(183.9)
	6 

(6)
	-1.0 

(-0.1)

	2003
	0.57
	16
(13)
	7 

(5)
	3 

(2)
	180.3 

(143.8)
	2 

(2)
	-0.5 

( 0.3)

	1986
	0.48
	6
(9)
	4 

(6)
	0 

(1)
	41.4 

(75.8)
	2 

(2)
	 2.1 

( 1.4)

	2001
	0.46
	15
(13)
	9
(8)
	4
(3)
	115.6
(91.6)
	0
(0)
	-0.3
( 0.2)

	1990
	0.45
	14
(13)
	8
(7)
	1
(1)
	93.0
(76.3)
	0
(0)
	-0.3
( 0.1)

	1977
	0.44
	6
(8)
	5
(6)
	1
(2)
	26.5
(50.8)
	1
(1)
	 1.0
( 0.5)

	Climatology
	0.00
	11
	7
	3
	106.3
	2
	 0.0


Table S3. Same as Table S2, but for the eight strongest positive EMI years during 1950-2010. 

	Year
	EMI
	TS (#)
	HR (#)
	MH (#)
	ACE (104 kt2)
	USL(#)
	VWS (ms-1)

	1994
	1.50
	7

(9)
	3 

(4)
	0 

(1)
	28.8 

(50.8)
	0 

(0)
	 0.0 

(-0.5)

	1966
	1.38
	11
(11)
	7
(7)
	3
(3)
	148.9
(146.3)
	2
(2)
	-0.9
(-0.9)

	2004
	1.24
	15

(12)
	9 

(7)
	6 

(5)
	227.3 

(183.9)
	6 

(6)
	-1.0 

(-0.1)

	1990
	1.10
	14

(13)
	8

(7)
	1

(1)
	93.0

(76.3)
	0

(0)
	-0.3

( 0.1)

	1977
	1.05
	6

(8)
	5

(6)
	1

(2)
	26.5

(50.8)
	1

(1)
	 1.0

( 0.5)

	1991
	1.04
	8
(10)
	4
(5)
	2
(3)
	39.2
(63.6)
	1
(1)
	 1.6
( 1.0)

	1958
	0.75
	10
(8)
	7
(6)
	5
(4)
	127.2
(100.1)
	1
(1)
	-0.3
(-0.3)

	1965
	0.74
	6
(8)
	4
(5)
	1
(2)
	84.3
(111.3)
	1
(1)
	0.6
(0.1)

	Climatology
	0.00
	11
	7
	3
	106.3
	2
	 0.0


Table S4. Same as Table S2, but for the eight strongest positive TNI years during 1950-2010. 

	Year
	TNI
	TS (#)
	HR (#)
	MH (#)
	ACE (104 kt2)
	USL(#)
	VWS (ms-1)

	1994
	1.44
	7

(9)
	3 

(4)
	0 

(1)
	28.8 

(50.8)
	0 

(0)
	 0.0 

(-0.5)

	2001
	1.33
	15

(13)
	9

(8)
	4

(3)
	115.6

(91.6)
	0

(0)
	-0.3

( 0.2)

	2004
	1.23
	15

(12)
	9 

(7)
	6 

(5)
	227.3 

(183.9)
	6 

(6)
	-1.0 

(-0.1)

	1977
	1.09
	6

(8)
	5

(6)
	1

(2)
	26.5

(50.8)
	1

(1)
	 1.0

( 0.5)

	1966
	1.04
	11

(11)
	7

(7)
	3

(3)
	148.9

(146.3)
	2

(2)
	-0.9

(-0.9)

	2005
	1.03
	28

(23)
	15

(12)
	7

(5)
	257.5

(189.7)
	6

(6)
	-2.2
(-0.7)

	1990
	1.01
	14

(13)
	8

(7)
	1

(1)
	93.0

(76.3)
	0

(0)
	-0.3

( 0.1)

	2002
	0.98
	12

(12)
	4 

(4)
	2

(2)
	63.5
(57.1)
	1 

(1)
	 1.3 

( 1.4)

	Climatology
	0.00
	11
	7
	3
	106.3
	2
	 0.0


Table S5. Same as Table S2, but for the eight strongest positive PMM years during 1950-2010. 

	Year
	PMM
	TS (#)
	HR (#)
	MH (#)
	ACE (104 kt2)
	USL(#)
	VWS (ms-1)

	1992
	1.39
	7

(8)
	4

(5)
	1

(1)
	77.3

(92.3)
	1

(1)
	 0.7

( 0.3)

	1990
	1.23
	14

(13)
	8

(7)
	1

(1)
	93.0

(76.3)
	0

(0)
	-0.3

( 0.1)

	1996
	1.12
	13

(13)
	9

(9)
	6

(6)
	177.2

(180.0)
	2

(2)
	 0.8

( 0.7)

	1958
	0.94
	10

(8)
	7

(6)
	5

(4)
	127.2

(100.1)
	1

(1)
	-0.3

(-0.3)

	2001
	0.89
	15

(13)
	9

(8)
	4

(3)
	115.6

(91.6)
	0

(0)
	-0.3

( 0.2)

	1968
	0.72
	8

(9)
	4

(5)
	0

(7)
	45.9

(69.7)
	1

(1)
	-0.2

(-0.8)

	1986
	0.68
	6

(9)
	4 

(6)
	0 

(1)
	41.4 

(75.8)
	2 

(2)
	 2.1 

( 1.4)

	1966
	0.67
	11

(11)
	7

(7)
	3

(3)
	148.9

(146.3)
	2

(2)
	-0.9

(-0.9)

	Climatology
	0.00
	11
	7
	3
	106.3
	2
	 0.0


Table S6. Same as Table S2, but for the eight strongest canonical El Niño (EPW) years during 1950-2010. 

	Year
	NINO3
	TS (#)
	HR (#)
	MH (#)
	ACE (104 kt2)
	USL(#)
	VWS (ms-1)

	1997
	2.78
	8

(6)
	3
(2)
	1
(0)
	41.4
(19.6)
	1
(1)
	 0.2
( 0.7)

	1972
	1.71
	7

(10)
	3
(5)
	0
(1)
	36.7
(70.0)
	1
(1)
	 3.4

( 2.7)

	1982
	1.67
	6

(8)
	2
(3)
	1
(2)
	31.5
(55.5)
	0
(0)
	 2.7
( 2.1)

	1987
	1.41
	7

(4)
	3
(1)
	1
(0)
	30.2
(0.0)
	1
(1)
	 1.3
( 2.1)

	1965
	1.21
	6

(8)
	4
(5)
	1
(2)
	84.3
(111.3)
	1
(1)
	 0.6
( 0.1)

	1957
	1.08
	8

(8)
	3
(3)
	2
(2)
	86.8
(84.9)
	1
(1)
	-0.2
(-0.2)

	2009
	0.96
	9

(6)
	3
(2)
	2
(1)
	54.6
(22.0)
	0
(0)
	 2.1
( 2.8)

	1991
	0.89
	8

(10)
	4
(5)
	2
(3)
	39.2
(63.6)
	1
(1)
	 1.6
( 1.1)

	Climatology
	0.00
	11
	7
	3
	106.3
	2
	 0.0


Table S7. Same as Table 1, but only for August-October (ASO). 
	Index
	TS (#)
	HR (#)
	MH (#)
	ACE (104 kt2)
	USL(#)
	VWS (ms-1)

	CPW
	9
(8)
	5 

(4)
	2
(2)
	86.5
(75.9)
	1 

(1)
	 0.1 

( 0.4)

	EMI
	8
(8)
	5 

(5)
	2 

(2)
	81.9 

(81.7)
	0 

(0)
	 0.0 

( 0.0)

	TNI
	10
(9)
	6 

(5)
	3 

(2)
	95.4 

(82.0)
	2 

(1)
	-0.2 

( 0.1)

	PMM
	10
(9)
	6 

(6)
	3 

(3)
	115.9
(102.1)
	1 

(1)
	-0.2 

( 0.2)

	EPW
	6

(6)
	3 

(3)
	1 

(1)
	50.0 

(49.4)
	0 

(0)
	 0.9 

( 0.9)

	Climatology
	8
	5
	3
	93.3
	1
	 0.0


Table S8. Same as Table 1, but by using only the five strongest (+) phase years. 
	Index
	TS (#)
	HR (#)
	MH (#)
	ACE (104 kt2)
	USL(#)
	VWS (ms-1)

	CPW
	11
(11)
	5 

(5)
	2
(2)
	108.5
(102.3)
	2 

(2)
	 0.4 

( 0.5)

	EMI
	11
(10)
	6 

(6)
	2 

(2)
	104.9 

(101.6)
	2 

(2)
	-0.2 

(-0.2)

	TNI
	11
(10)
	7 

(6)
	3 

(3)
	109.4 

(104.7)
	2 

(2)
	-0.3 

(-0.2)

	PMM
	12
(11)
	7 

(7)
	3 

(3)
	118.0
(108.1)
	1 

(1)
	 0.1 

( 0.3)

	EPW
	7
(7)
	3 

(3)
	1 

(1)
	44.8 

(50.0)
	1 

(1)
	 1.6 

( 1.5)

	Climatology
	8
	5
	3
	93.3
	1
	 0.0


Table S9. Same as Table S2, but for the five CPW years considered in Kim et al. [2009] and Lee et al. [2010]. All indices in this table are averaged for August-October (ASO).
	Year
	NINO4
	TS (#)
	HR (#)
	MH (#)
	ACE (104 kt2)
	USL(#)
	VWS (ms-1)

	2004
	1.00
	13

(10)
	8

(6)
	5

(4)
	214.4

(167.7)
	5

(5)
	-1.2

( 0.1)

	1994
	0.94
	4

(6)
	1

(2)
	0

(1)
	10.0

(31.1)
	0

(0)
	 0.0

(-0.6)

	2002
	0.94
	11

(10)
	4

(4)
	2

(2)
	61.0

(49.7)
	1

(1)
	 1.6

( 2.0)

	1991
	0.79
	7

(8)
	4

(5)
	2

(2)
	38.0

(53.8)
	1

(1)
	 0.6

( 0.1)

	1969
	0.58
	16
(15)
	11
(10)
	5
(5)
	155.9
(143.0)
	2
(2)
	-0.4
( 0.0)

	Mean
	0.85
	10

(10)
	6

(5)
	3

(3)
	95.9

(89.1)
	2

(2)
	 0.1

( 0.3)

	Climatology
	0.00
	8
	5
	3
	93.3
	1
	 0.0


[image: image1.wmf]
Figure S1. Scatterplot of (a) MDR SST versus MDR vertical wind shear (VWS), (b) NINO3 versus MDR VWS, and (c) NINO3 versus modified MDR VWS. All indices are those averaged for JJASON. The influence of MDR SST is removed in the modified MDR VWS by using the method of linear regression. For each plot, the green line is the linear regression, whereas the two gray lines show the standard error of the linear regression. The slope of the regression line is -1.96, 0.55, and 0.65 for (a), (b) and (c), respectively. All three linear regression lines are above the 99% significance level. 
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Figure S2. SST regions referenced for the definitions of four non-canonical El Niño patterns. See text for exact definitions of these SST regions. The background is the 2nd mode of the empirical orthogonal function (EOF2) analysis of the tropical Pacific SST anomalies. It is constructed by regressing the normalized EOF2 time series onto SST anomalies then averaging the regression coefficients for JJASON. 
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Figure S3. Time series of four non-canonical El Niño indices and the canonical El Niño (NINO3) index for JJASON during the period of 1950 - 2010. Each of the four non-canonical El Niño index is normalized by the standard deviation. 






