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El Niño and La Niña Events 
1950- present

Events are defined as periods when temperature in 
central equatorial Pacific Ocean remained > 0.4 deg. 
C. from norm for > 6 months 



Correlations with El Nino: 
SST in Eastern Pacific vs 
Rainfall, Maize in Africa

Source: Kane et al., 1994(Dotted lines are SST anomolies in E 
equatorial Pacific)



Other correlations with El Nino
• Crop failures and sometimes famine in southern 

Africa 
• Collapse of the Peruvian anchovetta fisheries 
• Damages from floods and landslides caused by 

very high rainfall in Peru and southern California 
• Forest fires in Indonesia and associated serious 

air pollution problems 
• Various disease outbreaks, 
• Availability of water resources, disruption to 

hydropower generation



El Nino Weather

Source: NOAA



What is going on?

• Semi-regular oscillations in temperature across 
equatorial Pacific on scales of years to decades

• Patterns of linked cooling and warming across 
the Pacific

• Apparent connections of Pacific oscillation to 
weather variations around the planet

• Prospect of predicting impact timing and 
location…
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ENSO is really two different (but related) phenomena



First, El Nino….
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equatorial SST











Now, the Southern Oscillation….



http://weather.unisys.com/surface/sst.gif

TahitiDarwin



SLP at Darwin and Tahiti are highly anti-correlated

Philander, “El Nino, La Nina, and the Southern Oscillation,” 1990



http://weather.unisys.com/surface/sst.gif

TahitiDarwin

Southern Oscillation Index (SOI) =
sea-level pressure at Tahiti   – sea-level pressure at Darwin









Are El Nino and the Southern Oscillation related?



Are El Nino and the Southern Oscillation related?



How are EN and SO 
related physically?



Southern Oscillation: “normal”

• East-to-west winds…
– …drive currents to the west;
– …pile up warm water in the west;
– …induce upwelling of cold water in east;

• Resulting in “normal” Walker circulation:
– Converging, then rising air in warm west
– Yielding deep clouds, substantial precipitation





Southern Oscillation: El Nino

• Weakened or reversed Walker circulation
– Lower pressure over E. Pacific weakens wind
– Warm water more evenly distributed, or even  

accumulates in east
– E Shift and weakening of areas of precipitation
– Ocean biota starved of nutrient rich deep water



Sea Surface Temp and 
Rainfall



Two quasi-stable states:

La Nina

- Easterly winds push westward on the mixed layer
- The warm mixed layer piles up in the west
- The warm SST in the west heats the air
- Low-level atmospheric convergence drives easterly winds

El Nino

- Westerly winds push eastwards on the mixed layer
- The warm mixed layer piles up in the east
- The warm SST in the east heats the air
- Low-level atmospheric convergence drives westerly winds



What sets the time scale for oscillations between these two states?

In other words, what switches the ocean/atmosphere from one 
state to the other?

Forcings:
- Annual variations in solar radiance
- Stochastic weather

Atmosphere:
- Does not have a memory beyond a few weeks

Ocean:
- Large thermal inertia
- Slow waves



Philander, “El Nino, La Nina, and the Southern Oscillation,” 1990



2-Layer, Linear, Shallow-Water Model



Too complicated and not interested in upper surface, so….

Impose “rigid lid” on the upper surface:

Recall that

So, we get a diagnostic relation

But, now we have
Pressure on
the rigid lid



2-Layer, Rigid-Lid, Linear, Shallow-Water Model



Take d/dt of the (3) and substitute (1) and (2):

(1)

(2)

(3)

(4)

If ,  then the RHS is zero, so

2-Layer, Rigid-Lid, Linear, Shallow-Water Model



2-Layer, Rigid-Lid, Linear, Shallow-Water Model
with a relatively deep lower layer (h2 >> h1 )



Take d/dt of the (3) and substitute (1) and (2):

(1)

(2)

(3)

(4)

If ,  then the RHS is zero, so

2-Layer, Rigid-Lid, Linear, Shallow-Water Model
with a relatively deep lower layer (h2 >> h1 )



We do not care about k = 0 modes of u2 , so:

Therefore:

2-Layer, Rigid-Lid, Linear, Shallow-Water Model
with a relatively deep lower layer (h2 >> h1 )



1.5-Layer, Rigid-Lid, Linear, Shallow-Water Model



The Shallow Water Model



Look for a steady-state solution with 
constant, westward stress and v = 0



τx < 0

wind

H



Look for unforced waves 
symmetric in y in the case of f = 0

utt − g
0Huxx = 0

ηtt − g
0Hηxx = 0

u = F (x±
p
g0Ht)

η = G(x±
p
g0Ht)



∆x =
p
g0H∆t

η

x
0

0

t = 0

u = F (x−
p
g0Ht)

η = G(x−
p
g0Ht)

η

x
0

0

t = ∆t

p
g0H is the wave speed



Shallow water model on a beta plane

Reduce to one equation in one variable:

(vxx + vyy)t + βvx −
1

c2
vttt −

f2

c2
vt = F (τ)



(vxx + vyy)t + βvx −
1

c2
vttt −

f2

c2
vt = F (τ)

v = V (y)eikx−iσt

Substitute

and find that, for V that go to zero as |y| goes to infinity,

c

β

µ
σ2

c2
− k2 −

βk

σ

¶
= 2n+ 1

Dispersion relation for equatorially trapped waves



Dispersion relation for 
equatorially trapped waves

wavenumber

frequency

slope = (g0H)1/2

slope =
(g0H)1/2

2n+ 1

Philander, “El Nino, La 
Nina, and the Southern 
Oscillation,” 1990



Typical values for the ocean mixed layer

yield

which means it takes

for an n=1 Rossby wave to travel to the western boundary of 
the Pacific Ocean, reflect off the boundary into a Kelvin wave, 
and for the Kelvin wave to make it back to the location of the 
original disturbance.



The “delayed-oscillator” mode (McCreary 1983)

1. Westerly winds pile up warm water in the east
2. These winds also excite an upwelling Rossby wave
3. The Rossby wave reflects at the western boundary into an 

upwelling Kelvin wave
4. The Kelvin wave wipes out the pile of warm water in the 

east



Toy model of a delayed oscillator (Suarez & Schopf, 1988)



Toy model of a delayed oscillator



ENSO Forecasts?



“EL NIÑO/SOUTHERN OSCILLATION (ENSO) DIAGNOSTIC 
DISCUSSION issued by 

CLIMATE PREDICTION CENTER/NCEP 11 December 2008 
Synopsis: ENSO-neutral or La Niña conditions are equally likely 

through early 2009.
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