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Abstract Taking into account the different equatorial Pacific sea surface temperature (SST) patterns obtained from a combined
EOF-regression analysis for the Eastern Pacific type of ENSO (EP-ENSO) and the Centre Pacific type of ENSO (CP-ENSO),
this study constructs Igp (EP-ENSO Index) and Icp (CP-ENSO Index) for the two types of ENSO. The analysis is performed
for the period of 1950 — 2011 using the monthly mean Met Office Hadley Centre SST analyses data. Some conclusions are as
follows. Firstly, the two indices are nearly orthogonal and the skewness coefficients for Iyp and I¢p are 1. 56 and — 0. 43, re-
spectively. In addition, EP-ENSO and CP-ENSO show different periods. The former has two dominant periods, one is near the
2 year band and the other is near the 4 — 8 year band. The latter has two significant powers around the 2 — 4 year and 12 year
band from 1965 to 1995. Therefore, low correlation, different leading periodicity and skewness are all desirable properties for
the above defined indices to separate the EP and CP type of ENSO. Secondly, Iz and Icp indices can describe the location of
SST anomalies in the mature period of the two types of El Nino and La Nifia events. Thirdly, from the perspective of probabili-
ty and statistics of random events, two types of El Nifio and La Nifia events are more strictly defined by using this pair of new
indices, which could be applied to monitoring the two types of ENSO effectively and in real-time. Finally, the two new indices
can also depict characteristics of the equatorial Pacific SST zonal propagation and evolution during ENSO events, their running
lagged correlations capture different ENSO phase propagations and ENSO regime changes associated with the climate shift in
1976/1977. It is also noticed that most strong El Nino events belong to the EP type, but most strong L.a Nina events are to the
CP type, and CP type of La Nina events tend to occur after the EP type of El Nino events.
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Fig.1 Leading EOF SST patterns (unit: C) obtained from the combined EOF-regression
analysis based on the data for 744 months 1950 — 2011 for the Eastern Pacific type (a)
and the Central Pacific type (b) of ENSO

(contour interval is for 0. 005°C, the fractions of variance of residual SST field explained by each

EOF mode are indicated in the upper right-hand corner of each panel,

bold rectangles represent the selected area for constructing the index)
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Fig.2 Time evolution of normalized three-month running mean monthly new index (Igp/Icp ,shaded)
and PC1 (black line) from the combined EOF-regression from 1950 to 2011 (a. EP-ENSO, b. CP-ENSO)
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Fig.4 Wavelet power spectrum (left) (using the Morlet wavelet) of the standardized three-month
running mean monthly Izp(a) and Iep (b) in 1950 — 2011

(Below the curve regions indicate the cone-of-influence where it

is uncertain, the thick black contour indicates that it is significant at the 95% confidence level,

and the global wavelet power spectra (right) for Igp/I cp (solid-red line), the dashed-blue line

is significant at the 95% confidence level for Igp/Icps assuming a red noise process)
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F 1 1950—2011 4R JE /R & i S 44 1 R 1k
Tabel 1 List of the El Nifio events during 1950 — 2011

il A TF U — 4 Ak ) g | ) 1= I AT SRS
1 1951 1951 4F 7 4 —1951 4 12 A 6 1951 4F 10 H (B EP EP
2 1957/1958 1957 4E 5 H 1958 4% 4 A 12 1958 4£ 1 A (%) MIX CP
3 1963/1964 1963 4£ 6  —1964 4£ 1 A 8 1963 4£ 11 H (B cP CP
4 1965/1966 1965 4F 6 J —1966 4F 4 A 11 1965 4E 11 7 (%) MIX CP
5 {1968/1969 1968 4F 11 H 1969 4 5 A 7 1969 4F 1 A (%) cP CP
6 1969/1970 1969 4F 8 1970 4F 1 A 6 1969 4E 11 H (F) CP CP
7 1972/1973 1972 4£ 6 H—1973 4E 3 A 10 1972 48 11 H (B MIX EP
8 {1976/1977 1976 4F 9 H—1977 4F 2 A 6 1976 4F 12 H (%) EP EP
9 1977/1978 1977 4E 9 A —1978 4E 1 A 5 1977 4F 11 A (B cP CP
10 1982/1983 1982 4 5 J§ —1983 4£ 6 A 14 1983 4E 1 A (&) MIX EP
11 1986/1988 1986 4E 9 J§ —1988 4E 2 A 18 1987 4E 8 A (F) MIX CP
12 1991/1992 1991 4F 10 H —1992 4 6 A 9 1992 4F 1 A (%) MIX EP
13 1994/1995 1994 4E 9 H 1995 4% 2 A 6 1994 4F 12 | (%) cP CP
14 1997/1998 1997 4£ 5 H —1998 4E 4 A 12 1997 4E 12 H (&) EP EP
15 2002/2003 2002 4 7 H 2003 4E 2 H 8 2002 4F 11 A (O cP CP
16 2004 2004 4F 8 [ —2004 4F 12 A 5 2004 4F 11 A (B cP CP
17 2006/2007 2006 4 9 2007 4 1 f 5 2006 4 11 A (B CP CP
18 2009/2010 2009 4E 7 4—2010 4 3 A 9 2009 4 12 A (%) cP CP
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Table 2 As in Table 1 but for the La Nina events

F# 51 0 IF iy — 45 A0 ] Rl (H)D i+ HAERR AR
1 1950/1951 1950 4F 2 H—1951 4F 3 H 14 1950 4F 2 H (%) MIX CP
2 1954/1956 1954 4 6 F—1956 4% 12 A 31 1955 4 11 A (B MIX CP
3 1964 1964 4 7 H—1964 4 12 A 6 1964 4 11 A (B MIX CP
4 1970/1972 1970 45 7 H—1972 4 1 H 19 1971 4F 2 H (%) MIX CP
5 {1973/1974 1973 46 H—1974 4 6 H 13 1973 42 12 H (&) MIX CP
6 1974/1976 1974 4F 10 H—1976 4F 3 H 18 1975 4% 12 H (%) CP CP
7 {1983/1984 1983 4F 10 H—1984 4 2 H 5 1983 4 11 H (B CP CP
8 1984/1985 1984 4F 10 H—19854E 7 H 10 1984 4 12 H (&) CP CP
9 1988/1989 1988 4 5 H-—1989 4F 6 H 14 1988 4 11 H (8K MIX CP
10 1995/1996 1995 4F 9 H—1996 4= 2 H 6 1995 4 11 A (o EP EP
11 {1998/2000 1998 4 7 H-—2000 4 7 H 25 2000 4£ 1 H (%0 CP CP
12 2000/2001 2000 4F 10 H—2001 4 2 H 5 2000 4F 12 H (%) CP CP
13 2007/2008 2007 4F 8 H—2008 4E 5 H 10 2008 4F 1 H (%) MIX CP
14 2010/2011 2010 4£ 7 H—2011 45 H 11 2010 4 12 H (%) CP CP
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FREFF S — 8 I It R B REH M T () fil
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Fig.5 Normalized-Igp (black bar), normalized -I¢p (grey bar), normalized -Nino3. 4
(white bar) values for the El Nifio (a) and L.a Nifa (b) years during 1950 — 2011

(The El Nifio and La Nifia events are obtained according to the definition of CPC.

The Igp,Icp.Nino3. 4 indices are calculated using the Hadley SSTA covering the month in which the

Nino3. 4 index reaches the maximum (El Nifio) or minimum (La Nifia)

and the months before and after that, and the El Nifio, La Nifa years are referred to

as the years when the event begins, there are 18 El Nifio cases and 14 La Nina cases during 1950 — 2011)
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Fig. 6 Scatter plot of standardized values of the Ipp
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Fig. 7 Histograms of the distribution for the normalized 3-month running mean monthly Iz (a) and Icp (b) from

1950 to 2011, also given is the corresponding normal distribution with the same variance (the abscissa 0. 2 represents
0.2 << Igp(Icp) << 0.3 value, likewise, — 0.2 represents — 0.3 < Igp(Icp) << — 0.2 values, and so on)
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JEBE . SRR s Lop R Tep AT DUAR G M40 38 £ K REASAT 200 A LA 42 21 9 28 ENSO.,

3 MR Tee A1 Lo 35 800 € 19 1950—2011 48 B /K J& 1 il iz Je iR = 1F
Table 3 List of the EP and CP type of El Nino and La Nina events from 1950 — 2011
AR A 2
1957,/1958,1963/1964 .1965/1966,1968/1969 .
1972/1973.1977/1978,1979/1980.,1982,

1986,/1988, (1990/1992,1993,1994,/1995) .
(2002/2003,2004/2005) ,2006,2009/2010

1951,1953.1957/1958,1965/1966 ,1972/1973 ,
JEIR B it 1976/1977,1982/1983.,1986/1987.,1991/1992,
1997/1998.2008

1950,(1954,1955) ,1964,(1966,1967/1968) ,
1970,1973.,1978.,(1980/1981,1981) .
HLIE 1985/1986, (1988,1989/1990,1990/1991 " ),
1994 [ (1995/1996,1996/1997) ,2001/2002
(2003~ ,2004* ,2005) ,2007
T - BVR A 50 TR S i /3 T B8 » AR R DAy o 4 B B2 Y D R JE U/ S R FEAY g 55 R 8 v /SR B I A S R AR E S R RN R N R
IR JE Vi ChEJ8 10D 52 B Ay v 8 Bz e 1k (e R J2 3D

Notes:bold digits indicate strong events, italic digits represent moderate events, and the rest is for weak events, parentheses represents an event that is

1950/1951.,1955/1956,1964.1970/1971,
(1973/1974,1975/1976) . (1983,1984/1985) .
1988/1989.(1998/2000,2001)
2007/2009.,2010/2011

linked to the another, namely the adjacent event Igp/Icp symbols are unchanged, single asterisks show that El Nino (La Nina) events appear to be

EP type, but are actually CP type of La Nina (El Nino).

Feb Apr Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec
1990 1991 1992

Feb Apr Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec
1988 1989

B8 19901992 4F 1% ¥ {4 (a) Fll 19881989 4E ¥4 {4 (b kxEfk 3 4~ A M 3hF 1
BH Tep F Tep AT 72 (BRI N O,
)R HEZ T 0.7 bRiffi 22 I HEZ O 0. 8 AR fi 22 »
(b i EL S — 0. 7 B 22 KRRy — 0. 8 Bt 22)
Fig.8 Time evolution of the normalized 3-month running mean monthly Iz and
Iep during warm events of (a) 1990 — 1992 and cold events of (b) 1988 — 1989
(The solid line is for a 0. the dotted-dashed line is for a 0. 7 standard deviation
and long-dashed line is for a 0. 8 standard deviation in (a). and the dotted — dashed line is for a = 0.7

standard deviation and long — dashed line is for a — 0. 8 standard deviation in (b))
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(a) Running cross lead (lag) correlation of Igp with Icp as 181-month

running means (about 15 years) and partial lead (lag) correlations for (b) positive and

(¢) negative phases of Igp and Icp; in calculating the partial

correlations, the durations of positive or negative phases of these indices are determined

by the index that leads.

lag means I¢p leads.

Negative lag means Igp leads, and positive

Values exceeding 0.1 in magnitude are shaded
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