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(Wittenberg 2009, GRL)

NINO3 SST (°C): (o) Observational reconstruction (ERSST.v3)
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Figure 1. SST (°C) averaged over the NINO3 region (150°W-90°W, 5°S—5°N), for (a) the ERSST.v3 historical
reconstruction of Smith et al. [2008], and (b) the 20 consecutive centuries (numbered) from the CM2.1 pre-industrial
control run. Red/blue shading highlights departures of the running annual-mean SST from the multidecadal background
state, where the latter is obtained via a 211-month triangle smoother which transmits (25, 50, 75)% of the time series
amplitude at periods of (15, 20, 30) yr. Unshaded time series ends in Figure 1b indicate the half-width of the triangle
smoother; ends of the observed time series in Figure la are zero-padded prior to smoothing. The top of the gray bar is the
long-term mean, indicated at the bottom right of each plot. Labeled epochs are discussed in the text.
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p AlL|x/2L|LE A A}: Historical El Nino / La Nina events

SST anomalies in the Nifio 3.4 region (5°N-5°S, 120°-170°W) (from NOAA CPCQ)

1980/ 0.5 |04 |03 |02 |04 |04 0301 -0.1]|00]00]-01
Year| DJF | JFM FMA |MAM  AM] | M11 | JJA  JAS ASO SON | OND | NDJ 1981 -0.4 -0.6 -0.5|-0.4 -0.3/|-0.3-0.4|-0.4-0.3 -0.2|-0.2]-0.1
1950 -1.4 -1.3 -1.2  -1.2 -1.1|/-0.9|-0.6| -0.5 | -0.4 | -0.5 -0.6  -0.7 1982 -0.1 | 0.0 0.1 0.2 |05 0.7 (0.7 10|15 1.9 | 2.1 | 2.2
1951 |-0.8 |-0.6|-0.4|-0.2 | 0.0 |0.4 | 0.6 | 1.0 | 1.1 | 1.2 | 1.1 | 0.9 1983 2.2 (1.9 | 1.5 | 1.2 |09 0.6 | 0.2 | -0.2 |-0.5|-0.8-0.9 -0.8
1952/ 0.6 | 0.4 | 0.3 | 0.3 | 0.3 | 0.1 |-0.1 0.0 | 0.2 0.2 0.2 0.3 1984|-0.5 |-0.2|-0.3 |-0.4 |-0.5 |-0.5|-0.3|-0.2 |-0.2 |-0.6|-0.9 -1.1
1952/ 0.5 (0.6 (0.6 (0.7 |0.7 (0.7 [0.7 (0.7 |0.8 | 0.8 | 0.8 | 0.8 1985 -1.0 [-0.9 | -0.7 |-0.7 |-0.7 |-0.6 | -0.5 | -0.5|-0.5 |-0.4 | -0.4  -0.4
1954/ 0.7 (0.5 | 0.1 |-0.4 |-0.5|-0.5|-0.6 -0.7|-0.8|-0.7|-0.7 -0.7| |1986 -0.5 |-0.4|-0.2|-0.2 |-0.1 | 0.0 | 0.2 | 0.5 |0.7 |0.0| 1.1 | 1.2
1955|-0.7 |-0.7 |-0.7 |-0.8 |-0.8 |-0.8 | -0.8 -0.7 |-1.1 |-1.4|-1.7 -1.6| (1987 1.2 1.3 |1.2 |11 1.0 1.2 (|14 16 (16  1.5|1.3 1.1
1956|-1.1 -0.8 | -0.6 -0.5 |-0.5 -0.5|-0.5 -0.6|-0.5|-0.5|/-0.5|-0.5 |1988 0.8 0.5 | 0.1 -0.2 -0.8|-1.2 -1.3 -1.2 -1.3 -1.6/-1.9 -1.9
1957|-0.2 | 0.1 | 0.4 (0.7 | 0.9 |1.0 | 1.1 | 1.2 [1.2 | 1.3 | 1.5 | 1.8 1989 |-1.7 [-1.5|-1.1|-0.8 |-0.6 | -0.4 | -0.3 | -0.3 |-0.3 |-0.3 | -0.2 | -0.1
1958 1.8 (1.6 (1.2 |0.9 |0.7 (0.6 | 0.5 | 0.2 | 0.3 | 0.4 | 0.5 | 0.6 1990/ 0.1 (0.2 |03 |03 | 0.2 0.2 0.2 0.3 |04 |03 04| 04
1959| 0.6 (0.6 | 0.5 | 0.3 | 0.2 |-0.1|-0.2 -0.3|-0.1| 0.0 | 0.1 | 0.0 1991| 0.2 (0.2 | 0.2 | 0.2 |0.5 |0.7 | 0.8 |0.7 (0.7 |0.8]|1.2| 1.4
1960/ -0.1 | -0.2 |-0.2 |-0.1|-0.1 0.0 | 0.1 0.2 | 0.2 | 0.1/ 0.1 0.1 1992/ 1.6 |15 |14 [ 1.2 (10 (0.7 | 0.2 | 0.0 [-0.2]-0.3]-0.2] 0.0
1961| 0.0 /0.0 (/0.0 | 0.1 | 0.3 |04 |02 -0.1|-0.3|-0.3|-0.2|/-0.1| 1993/ 0.2 (0.3 |0.5 0.6 0.6 |05 |03 0.2 |02 02|01 0.1
1962 -0.2 |-0.2 | -0.2|-0.2 |-0.2 | -0.2| 0.0 | -0.1|-0.2 | -0.2 | -0.4 | -0.5 1994 0.1 0.1 | 0.2 0.2 | 0.4 0404 04 |05 0.7 1.0 1.2
1963|/-0.4|-0.2|/ 0.1 |03 |0.3 |05 0.8 /1.1 1.2 1.3 |14 |1.3 1905 1.0 (0.8 | 0.6 | 0.2 | 0.2 | 0.0 |-0.2|-0.4|-0.7 |-0.8|-0.9 -0.9
1964/ 1.1 (0.6 | 0.1 |-0.4 -0.6|-0.6 -0.6 -0.7 -0.8 /-0.8/-0.8/-0.8 [1996 -0.9 -0.8 -0.6 -0.4 -0.3 -0.2 -0.2 -0.3 -0.3|-0.3 -0.4 -0.5
1965 -0.6 -0.3/ 0.0 | 0.2 /05 /0.8 1.2 1.5 1.7 1.9 /19 1.7 | 11997 -0.5|-0.4 -0.1 0.2 0.7 1.2 | 1.5 1.8 2.1 | 2.3 2.4 2.3
1966 1.4 (1.1 |09 (0.6 | 0.4 |03 |03 0.1 |00 -0.1 -0.1 -0.2| [yggo8 2.2 | 1.8 1.4 0.9 04 |-0.2 -0.7 -1.0 -1.2 |-1.3 | -1.4 -1.5
1967/-0.3 -0.4 -0.5 -0.4 |-0.2 | 0.1 | 0.1 -0.1/-0.3|-0.3/-0.3 -0.4| 1099 -1.5 |-1.3 | -1.0 -0.9 -0.9 | -1.0 | -1.0 | -1.1 | -1.1 | -1.3 | -1.5 -1.7
1968  -0.6 -0.8|-0.7 -0.5|-0.2 0.1 | 0.4 | 0.5 | 0.5 | 0.6 | 0.8 | 1.0 2000 -1.7 -1.5 -1.2 -0.9 0.8 -0.7 -0.6 -0.5 -0.6 -0.6 -0.8 -0.8
1969/ 1.1 /1.1 |10 |09 0.8 0.6 |05 /0.5 /0.8 09|09 |08  hgp1/-0.7/-0.6/-0.5/-0.4/-0.2[-0.1] 0.0 0.0 [-0.1-0.2]-0.3]-0.2

1970 0.6 | 0.4 | 0.4 | 0.3 | 0.1 [-0.2-0.5|-0.7|-0.7 [-0.7 -0.8 -1.0| 5002 02 00 01 03 05 07 08 08 00 12 13 12
1971/ -1.2 |-1.3 -1.1/-0.8 |-0.7 -0.7-0.7 -0.7 -0.7 -0.8/-0.9 0.8 (5903 1.1 (0.8 04 00 -02[-01]02 0404 040403

1972/-0.6 /-0.3| 0.1 0.4 |0.6 |0.8 |1.1 1.4 /1.6 1.9 2.1 2.1 | 540403 (02 | 0.1 | 0.1 | 0.2 |03 |05 0.7 | 08|07 0.7 07
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lofs L3 L1 070503 0102 64 86 07100 00 s 45 L5 13 0 07 D3 05 b3 01 01 0 o
1978 0.7 | 0.5 | 0.1 |-0.2 |-0.3 | -0.3|-0.3 -0.4|-0.4 |-0.3| -0.1 | -0.1| [2009/-0.8 -0.7/-0.5 -0.2 0.2 |04 | 0.5 0.6 0.8 ]1.1]1.4 1.6
1979/-0.1 (0.1 |02 o2 /0.2 oo oo o2 02050506 2010/ 1.6 | 1.3 11.0 /0.6 | 0.1 |-0.4]-0.9/-1.2|-1.4|-1.5]-1.5|-1.5

2011|-1.4 -1.2|-09/-0.6|-0.3 | -0.2| -0.2|-0.4|-0.6 -0.8|-1.0/-1.0
2012|/-09 -0.6|-0.5/-0.3/-0.2 | 0.0 | 0.1 (0.4 |05 |06 0.2 -0.3
2013|-0.6
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» AL|k: Originally, an “oceanic” phenomenon ?
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p Seasonal shift in the ITCZ

http://www2.palomar.edu/users/pdeen/animations/23_weatherpat.swf
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p LHEIXIZ (Southern Oscillation): An “atmospheric” phenomenon

MERBQF X|S2| 7|f0| LopE

= -LJ—_%OHI-T'_, MERE S X[H2 7| ¢
O] ZOHX|H SENEY X[F2| 7|gf2 &

In the 1920s The British scientist Sir Gilbert
Walker empirically identified that some
notable climate anomalies—changes in
atmospheric pressure and circulation—happen
around the world every few years. He invented
the term for those climate oscillations, "the
Southern Oscillation."

While stationed in India studying monsoons,
Sir Gilbert observed pressure differences in the
equatorial Pacific Ocean. He noticed "a
seesaw" of atmospheric pressure measured at
two sites: Darwin in Australia, the Indian
Ocean, and in Tahiti, an island in the South
Pacific. When atmospheric pressure rises at
Darwin it falls in Tahiti, and vice versa.

L =)o A
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Anomalies From Reynelds and Smith (2002) SST Climatology
Monthly Mean Five Month Running Mean

SQOI = [SLP(Tahiti) - SLP(Darwin)]/STD
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» Walker circulation / Hadley circulation

PACIFIC WALKER CIRCULATION
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h:gésgecomes DRIER /4 \
g IIEEERSRAN "

TRA sT

DE W G MO'

S INDS BRIN

URFACE AR TO THEﬂ—Eg/ 4

warm water layer

. {mo‘lﬂ-—"“e Upwelling

=200 =
Indanesia cold deep water South America

PHYSICAL OCEAN LAB



p ALy /tHEEIS (ENSO): An “ocean-atmospheric” phenomenon

Ef 8 oM S+ 2=(DF)e 2 2= 7|52 7|% =22 -t A0
ULF.
- MEfEES| oM 227t =2 EUXS X7| 2 - &3 =
Y gorH2[7t oM StZ (DY F) — Ol 7|2 27t MEfEY X|Fe| §57|
Fof SEHEY X|F2| otZ7|7& HEote 7= 27 M ==HHA ==

L—

0x

M 7|YX0| & K2t FHTSX|F=2| HE EfEF M XSOl sl
= KotH, XS AL 42 Of 72t 30| EH9| 4
LHHFXR| S = 2R ENSO(ElI Nino and Southern Oscillation) 2} st

- Jacob Bjerknes was the first one to recognizes
that El Nino is not just an oceanic phenomenon
(in his 1969 paper).

- In stead, he hypothesized that the warm waters
of El Nino and the pressure seasaw of Walker’s
Southern Oscillation are part and parcel of the
same phenomenon: the ENSO.

- Bjerknes’s hypothesis of coupled atmosphere-
ocean instability laid the foundation for ENSO
research.
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» ENSO, It's a coupled Atmosphere-Ocean System

1. Changes in atmospheric circulation

2. Redistribution of warm upper ocean water along the equator
El Nino Conditions
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p AL| o] ME (Positive feedback)
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p AL| O] AH (Negative feedback)

Common Positive feedback

Different Negative feedback

Different Time delay

» Delayed Oscillator (Schopf and Suarez(1988), Battisti and Hirst(1989))
» Western Pacific Oscillator (Weisberg and Wang(1997))
» Recharge-Discharge Oscillator (Jin(1997))

e P Advective-reflective Oscillator (Picaut et al.(1997))
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p ALy HSE (2 A AR Teleconnections)

ENSO is a primary factor of global climate change
Horel and Wallace (1981), Rasmusson and Wallace (1983)

WARM EPISODE RELATIONSHIPS JUNE - AUGUST WARM EPISODE RELATIONSHIPS DECEMBER - FEBRUARY

B ﬁ lk 15.& 180 12;17‘ m

Schematic of Temperature and Precipitation
(After Ropelewski and Halpert (1986, 1987, 1989, 1992))
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> oé"—l.'l:l‘. -7'.;"% In-Situ Observation

Space_Based Observations Pacific Marine Environmental Laboratory

@ Tropica] Atmosphere Ocean project TeAsO

Michael J. McPhaden, Director

- Home | Project overview | Data display | Data delivery |[El Nifto & La Nifta | Site map

El Nino / La Nina

Real-time data from moored ocean buoys
for improved detection, understanding and
prediction of El Nifio and La Nifia.
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