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€he New YJork Times

ay 7,201 We are comffused by Kl Nifio

Dead Dolphins and Birds Are Causing  iulfconiiuisimel e oahesshioo
Alarm in Peru

By DAVID JOLLY and ANDREA ZARATE
LIMA, Peru — Late last year, fishermen began finding dead dolphins, hundreds of them,

washed up on Peru’s northern coast. Now, seabirds have begun dying, too, and the
government has yet to conclusively pinpoint a cause.

© Reuters




SST Departures (°C) in the Tropical Pacific

Average SST Anomalies
27 MAY 2012 — 23 JUN 2012
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Wave Delayed Oscillator

(Schopf & Suarez, 1988; Battisti & Hirst, 1989)

B
-

Positive SSTA > Winds weaken = Downwelling Kelvin wave to the
east, upwelling Rossby wave to the west

Reflections at east and western boundaries cools the eastern Pacific
cold tongue, shutting down El Nino and triggering La Nina

The turning round critically , at a weak
coupling , its period is about , but a strong coupling
slows it down !!




Recharge Oscillator Theory

(Wyrtki, 1985; Cane et al, 1986, Jin, 1997) Meinen & McPhaden, 2000

Sverdrup Transport
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Evidences In support?
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Fic. 1. The eigenvalue distribution with respect to the index k; =
k + jIN. The straight line 1s the dependence of the imaginary part
(frequency) of the eigenvalue on k; and the curve 1s the dependence
of the real part (growth rate) of the eigenvalues on k;. The real part
1s multiplied by 10 to display its variations more clearly. Heavy
dots indicate the eigenvalues for the ocean basin modes (k, = 0, 1,
2,..).
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Growth Rate (1/years)

Eigen-value changes of ZC model following different
intensities of the climatological wind from 80% to 120%
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Eigen-vector of CT mode at H140S95




Eigen-vector of WP mode at H140S95

Zomnal advection
fflor phase tramsitiom
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Growth rate and frequency

Growth rate and frequency
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Dependence of CT and WP modes on g

® At H140S95, g’ is varying from its 50% value to
its 150% value.

(a) QQ QB depending on g'
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ENSQO Duality and its Sensitivity:
Dependence on Climate state
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There are supporting evidence for El Nino Duality.

There is a WP ENSO-like mode relaying mostly on largely
zonal advective feedback and its period sensitively
proportional to wave delay time, more like WDO.
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CMZ wave oscillator
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FIG. 3. The growth rate (yr—!) {(a) and period (yr) (b) of the coupled
system vs time lag 7, for & = 3.9 yr~! at + = 180 days. Each curve is
for Ia difference reference value for ¢ (in yr—!) (for the Pacificc = 2.2
yr ).
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FIG. 3. Time-longitude dependence of the gravest oscillatory cou- )
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Dependence of two leading modes on mean
state in a ZC model

R-H Xie &
Jin 2013

The star indicates
the mean state
H140S95, where the
two modes are
coexistent with
comparable growth
rate.

C21Ds double roots




