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Kiladis et. al.(2009)

Maps of anomalous 7, (shading), geopotential
height (contours), and wind (vectors) associated
with a =20 K perturbation in n» = 1 ER wave T},
at the base point 7.5° N, 152.0° E, for (a) day
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0 at 200 hPa. The contour interval is 10 m in
Figures 17a and 17b and 20 m in Figure 17c¢,
with negative contours dashed. Dark (light)
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vectors are locally significant at the 95% level,
with the largest vectors around 2 m s~
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Figure 10.13. Schematic structure of the frictional CID mode, which is the counterpart of
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El Nino Modoki & CP El Nino

Nature,2009 Nature,2009
The El Nifio with a difference El Nifio in a changing climate

Karumuri Ashok and Toshio Yamagata Sang-Wook Yeh', Jong-Seong Kug', Boris Dewitte®, Min-Ho Kwon®, Ben P. Kirtman* & Fei-Fei Jin

8 oeopl MIng
20 M

Figure 2| Anomalous conditions in the tropical Pacific. a, An El Nifio event is produced when the
easterly winds weaken; sometimes, in the west, westerlies prevail. This condition is categorized by
warmer than normal sea surface temperatures (SSTs) in the east of the ocean, and is associated with )
alterations in the thermocline and in the atmospheric circulation that make the east wetter and the 'ui"m- E 150 E 18 .- 120~ W oW
west drier. b, An El Nino Modoki event is an anomalous condition of a distinctly different kind.
The warmest SSTs occur in the central Pacific, flanked by colder waters to the east and west, and are :_t“;l! Deviations “;m S5THar _‘t‘_‘“ c]hu.h:te;htﬂf 'M E!I I“_ﬁ
associated with distinct patterns of atmospheric convection. c,d, The opposite (La Nifta) phases of the k ',]::' “5_"’2“':]“_ m“ﬁ"‘ﬂ;hl d[-:i El Nidis; b, - (';E N,
El Nifto and El Nifio Modoki respectively. Yeh ef al.” argue that the increasing frequency of the Modoki I_ comtourinternyalis 0.2 . e enotes a statistica cont =
condition is due to anthropogenic warming, and that these events in the central Pacific will occur 5% “”ﬁd'_m'"_ ]“_d 1“""] A j“""km ¥ D-bett, & The z'_m']_‘w““ fuer
more frequently if 1 ing increases. the uu':1'p|m1.: _['..F'-['.] Mime (thin line) and CP-E] Nino (thick line) averaged
8 over 2°W o 275,
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ENSO-Monsoon relation

Relation between NINO3 SSTA and Indian Monsoon Rain: 1871-2002

T T T T T T T T T T T

Indian Monsoon Rainfall Std. Anomaly

NINO2JJAS Std. Ano

Plot of standardized, all-India summer
[June to September (JJAS)] monsoon
rainfall and summer NINO3 anomaly
index. Severe drought and drought-free
years during El Nifio events
(standardized NINO3 anomalies > 1) are
shown in red and green, respectively.

From Kumar et al.(2006)
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(A) Composite SST difference pattern between severe drought
(shaded) and drought-free El Nifio years. Composite SST
anomaly patterns of drought-free years are shown as contours.
(B) Composite difference pattern between severe drought and
drought-free years of velocity potential (contours) and rainfall
(shaded). (C) PDF of all-India summer monsoon rainfall from
severe-drought (red curve) and drought-free (blue curve) years
associated with El Nino occurrence and from the non-ENSO
years (green curve). SST and velocity potential composite
differences are based on 1950 to 2004, rainfall composites are
based on 1979 to 2004, and PDFs are based on 1873 to 2004.
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Indian Ocean Capacitor Effect on Indo—Western Pacific Climate during the

Summer following EIl Nino

SHANG-PING XIE,* " KAIMING HU,# JAN HAFNER,* HIROKI TOKINAGA. ¥ Y AN ]::?U,”"@J

GANG HuaN G,# AND TAKEAKI SAMPE®

17 Mino3.4__ — —
0.8

0.6 1

0.4 1 /
0.2 | /!

a y
—0.21

—0.4

JEMO APRO JULD DCTO ‘:|AN1 APR1 UL

Fig. 1. Correlation of tropical Indian Ocean (40-100°E, 20°5-20°N) 35T (solid) with the Nino3 .4
(170°PW-120°W, 5°5-3"N) 55T index for Now(()}-Dec(0)-Jan(l). Numerals in parentheses
denote years relative to El Nino: 0 for its developing and 1 for decay year. The dashed curve
is the Nino3 4 SST auto-correlation as a fimction of lag. The black triangle denotes Dec(0],

the peak phase of ENSO.

ocm

NW Pacificantcyeionca

10 warming

| | | | | | >
1 ] I 1 ] I
Jun(0) Sept(0) Dec(0) Mari1) Jun(1) Sept(1)

F1G. 13. Seasonality of major modes of Indo-western Pacific climate variability. Vertical
arrows indicate causality, and the block arrow emphasizes the TIO capacitor effect, the major
finding of the present study.

1008 120E 1408 180€ 180 160W

-::::E—— —
=iy 4 1

FiG. 6. JJA(1) correlation with the NDJ(0) Nino-3.4 88T index: tropospheric (850-250 hPa) temper-
ature (contours), precipitation (white contours at intervals of 0.1; dark shade = 0.4: light < —0.4), and
surface wind velocity (vectors).
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A dipole mode in the Saji et al., Nature 1999
tropical Indian Ocean

N. H. Saji*, B. N. Goswamit, P. N. Vinayachandran* & T. Yamagata“*:

_________________________________________________________________
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M
!

Mormalized anomaly

ouen=0.86 ms-!

---------------------------------------------------------

|
=
}

1960 1985 1970 1975 1980 1985 1990 1495
Time (years)

Figure 1 Dipole mode and El Nifio events since 1958. Plotted in blue, the dipole mode
index (DMI) exhibits a pattern of evolution distinctly different from that of the El Nifio, which
is represented by the Nino3 sea surface iemperature (SST) anomalies (black ling). On the
other hand, equatorial zonalwind anomalies L, (plotted in red) coevolves with the DML Al
the three time series have been normalized by their respective standard deviations. We
have removed variability with periods of 7 years or longer, based on hamonic analysis,
from all the data sets used in this analysis. In addition, we have smoothed the ime series
using a 5-month running mean.

Figure 2 A composite dipole mode event. a—d, Evolution of composite SST and suriace  analysed anomalies were estimated by the two-talled f-iest. Anomalies of S5Ts and winds
wind anomalies from May—June (a) to Nov—-Dec (d). The statistical significance of the exceeding 90% significance are indicated by shading and bold amows, respectively.

Figure 4 Rainfall shifts northwest of the OTCZ during dipole mode events. The map
correlates the DMI and rainfall to illustrate these shifts. The areas within the white curve
exceed the 90% level of confidence for non-zero comelation (using a two-tailed Etest).
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CLIMATE RESEARCH

Vol. 25: 151~ 160, 2003 Clim Res

Published December 5

Possible impacts of Indian Ocean Dipole mode

events on global climate

N. H. Saji''**, T. Yamagata'?
ENSO Composites
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Fig. 1. Composite OND rain anomaly over Africa for (a) 19 IOD events, (b) 11

ENSO-independent IOD events, (c) 20 ENSO events and (d) 12 IOD-independent
ENSO events. The composite anomaly was normalized by the standard deviation

of rain during OND. Contours given at 1, +2, etc.

IOD associated surface temperature anomaly; JJASO
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Fig. 21. Partial correlation of land and sea-surface temperature on DMI independent of Nino3 during JJASO
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Pacific Decadal Oscillation (PDO) North Pacific Gyre Oscillation (NPGQO)

Mantua et al. (1997) Di Lorenzo et al. 2008

Bond et al. 2003

Warm (Positive) Cold (Negative) defined: as 2nd EOF of SSHa

in the Northeast Pacific

SSTa (detrended) EOF 2
o e e

Phase Phase
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o du/pdo/graphics.html
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hEKCRER1E DIF

0.6 F —— MLOST —— HadCRUT4 =—— GISS

Temperature Anomaly (°C)

1850 1900 1950 2000

Annual Global Mean Surface Temperature (GMST)
anomalies relative to a 1961-1990 climatology from
the latest version of the three combined Land-
Surface Air Temperature (LSAT) and Sea Surface
Temperature (SST)

datasets (HadCRUT4, GISS and NCDC MLOST).

IPCC AR5 (2014)

HUNAIARR) E+HFREE

a) Hiatus decades surface temperature
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b) Accelerated decades surface temperature
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Five CCSM4 21st century simulations with RCP4.5
(uniform increase in GHGs, no volcanoes):

Composites of decades with near-zero warming trend (hiatus decades) and decades
with rapid global warming (accelerated warming decades) show opposite phases of

the IPO in the Pacific
(hiatus=linear trend of global T <-0.10K/decade; 8 hiatus decades

Accelerated=linear trend of global T>+0.41K/decade; 7 accelerated warming decades)

Meehl et al. (2013)

- IE MIPO (=El Nifio-like + BDPDO) > & ' =16 IN3E
- B MDIPO(=La Nifia-like + B DPDO) > BIE{L{E&
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