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What is ENSO?

Why do we care?
Conceptual ENSO Models
Dynamical Systems
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The Data
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2014 Predictions
August:

Talk of an El Nino year cools, but don’t
despair yet about winter

While a 'super’ EL Nino looks to be off the table,
what does develop this year might not deliver what
many Canadians are hoping for

Don’t dismiss a 2014 ‘super’ El
Nino just yet

September: No ENSO this year
October 9: El Nifi0 watch back on. Chances back over 65 % (NOAA).
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Physical Cartoon
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Jin’s Model - 1997

Recharge Oscillator Model:

dT,
TtE = RTe +vhw — en(hw + bTEg)?
dh

T:V — —rhy — abTE.

Variables:

e Tg temperature anomaly in E Pacific

e hy thermocline depth anomaly in W Pacific
Processes:

o Relaxation to mean state

e Upwelling

e Thermocline adjustment to wind-stress
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Results
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Supercharged Recharge Oscillator

dT;

dTl =—a(T1—T,) = 6p(T> — T1)?

dT»

I = —a(T2 — T,) + C/J(Tz - Tl)[T2 - Tsub(T17 Tz, hl)]
dhl__ bLu

@ = (e

Modifications from Recharge Oscillator model:
e Variables are no longer anomalies
e Subscript 1 indicates West, 2 indicates East

e [ncludes advection
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Simulation vs. Data
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FIG. 11. (a) Simulated time series of the eastern equatorial temperature anomalies. The bifur-
cation parameters were set to { = 1.3 and € = 0.11. (b) Thin: observed Nifio-3 SSTA time series;
thick: Nifio-3 SSTA template from 1976 to 1985.
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MMOs

e Timmerman, Jin, Abshagen (2003): Shilnikov-type mechansim
(saddle-focus)

e Other methods require multiple time-scales!
Change of variables:

e S=T,—T

o T=T,-T,

e h=h —K
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New System

9 0S4 uS? + CuS[S+ T+ CF(S. T, h)]

dt

dT

= —aT — 2

™ « ouS

dh bLu
dt__r<h_K+2ﬂS>

We want to analyze as a fast/slow system — need to non-dimensionalize!
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Dimensionless System

X —5(X2—ax)+x{x+y—nz—|—d—c<

2
x~S
y~T
z~h
e=4/C
_ bLu(T,—T,)
C=—FF o
_ abl
a= 55
__ _rbL
M= Zh~
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3
X — —
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Dimensionless System

3
x'=e( 2ax)+x{x+ynz+dc<x);>}

y' = —e(ay +2)

o If £ is small (how small?), we have a fast/slow system.
e If mis also small, we have 1-fast, 2-slow OR 3 time-scale system.
e If m= O(1), we have a 2-fast, 1-slow system.

3
sk_s(x2ax)+x[x+ynz+dc(x);>]

y =—(ay +x%)
Ez':m(k—z—%)
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Fast and Slow Dynamics

If we take the limit as ¢ — 0, the two versions become: (1) The layer

problem
33
X/—X|:X+yn2+dC<X3)]

z’zm(k—z—%)

y'=0

Or (2) The reduced problem

3
O—X{x—i—y—nz—kd—c(x—);)}

O:m(kfzfg)

y=—(ay +x%)
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The Critical Manifold (¢ = 0)

Figure: a=0.4,c=4,d =3.69,k=1,m=0.26,n = 2.69
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The Critical Manifold (¢ = 0)

Figure: a=0.4,c=4,d =3.69,k=1,m=0.26,n = 2.69
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The Critical Manifold (¢ = 0)

Figure: a=0.4,c=4,d =3.69,k=1,m=0.26,n = 2.69
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The Critical Manifold (¢ = 0)

Figure: a=0.4,c=4,d =3.69,k=1,m=0.26,n = 2.69
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The Critical Manifold (¢ = 0)

Figure: a=0.4,c=4,d =3.69,k=1,m=0.26,n = 2.69
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The Critical Manifold (¢ = 0)

Figure: a=0.4,c=4,d =3.69,k=1,m=0.26,n = 2.69
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The Critical Manifold (¢ = 0)

Figure: a=0.4,c=4,d =3.69,k=1,m=0.26,n = 2.69
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The Critical Manifold (¢ = 0)

Figure: a=0.4,c=4,d =3.69,k=1,m=0.26,n = 2.69
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MMO Orbit: € = 0.001
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MMO Orbit: ¢ =0.1
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Re-dimensionalized Model Output

Cubic Approximation-Dimensionalized
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Consequences in the US

TYPICAL JANUARY-MARCH WEATHER ANOMALIES
AND ATMOSPHERIC CIRCULATION
DURING MODERATE TQ STRONG
EL NINO & LA NINA
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From: NOAA

26/26



