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El Nino and La Nina Events
1950- present
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1852 1956 1960 1954 1988 1972 14978 18980 1984 1988 1892 199 2000

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
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Other correlations with ElI NIino

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

WARM EPISODE RELATIONSHIPS DECEMBER - FEBRUARY
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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...



ENSO is really two different (but related) phenomena
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First, El Nino....
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Hovmoller of
equatorial SST
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TNI

Trans-Nino Index
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Now, the Southern Oscillation....
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SLP at Darwin and Tabhiti are highly anti-correlated
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Philander, “El Nino, La Nina, and the Southern Oscillation,” 1990
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S0l

Monthly Southern Osciliation Index
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TNI (black) and SOI (blue)

Are El Nino and the Southern Oscillation related?

TNI & SOI

Year
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Are El Nino and the Southern Oscillation related?

TN vs. SO

R =0.15

TNI




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



Typical Walker circulation pattern

air
circulation
in awertical
plane at the
equatar




Southern Oscillation: El Nino

e 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

December - February Normal Conditions




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 iIn 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
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Figure 2.2. Temperature (°C) as a function of depth and longitude along the equator in the
Pacific Ocean as measured in 1963 by Colin er al. (1971),

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



2-Layer, Linear, Shallow-Water Model

p10u; = —p1g0,m
p20iue = —p1g0sn1 — (P2 — p1)90zn2
(3’t771 = —h10,u1 — hoO uo

at772 — _h2 8:1: U2




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

Impose “rigid lid” on the upper surface:

771 — O
Recall that
O = —h10yu; — hoOzus

So, we get a diagnostic relation

hl(?xul + hgaxUQ =0
Pressure on

But, now we have / the rigid lid

platul — —O0zDP1



2-Layer, Rigid-Lid, Linear, Shallow-Water Model
p10¢uq
p20iu2

0

%)

—UxP1

—0xp1 — (p2 — p1)g0:n
hl&,;ul + hgaxUQ
hl(?xul




(1)
(2)
(3)
(4)

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

p10tur = —0zp1
p20ius = —0yp1 — (p2 — p1)90:n
0 = hi0.u1 + hoOrus
om = hi10zu;

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

Oy [—0sp1 — (p2 — p1)g0sn] = O;p1

If ho/hy > pa/p1 . thenthe RHS is zero, so

—0,p1 — (p2 — p1)g0.m = c(t)



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




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

(1) p10u1 = —0zD1
(2) p20iu2 = —O0p1 — (/02 — ,01)9(9:1:77
(3) 0 = hlﬁxulJrhg@muQ
(4) oym = hi10,ug
Take d/dt of the (3) and substitute (1) and (2):
hip2
Oy [—axlh — (/02 — /01)95:(:77] — h aipl
201

If ho/hy > pa/p1 . thenthe RHS is zero, so

—0,p1 — (p2 — p1)g0.m = c(t)



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

p10tu1 = —0zp1
P20ttty = —0zp1 — (,02 — ,01)93:1:77 — C(?f)
0 = hi10yu; + haOzue
on = h10,u

We do not care about k = 0 modes of u,, so:
C(t) = ( Uy — 0
Therefore:

—0yp1 = (p2 — p1)g0sn



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

p10su (P2 — p1)g0zn
Om h@xu




The Shallow Water Model

9/77:1: —I—f?} T Tx/H
gny — fu+tY/H
—H(uy + vy)
P2 — P1
g
P1




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

= g'ne + fo-+7"/H
gy — Fast FLLH
= —H(uy +2)

SUE Y
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Look for unforced waves
symmetric iny in the case of f =0

9'nw + fot FLH
9y — Fut FHLH-
—H (uy +)
P2 — P1
g
P1
uw = F(x++/g Ht)

v g Ht)




u = F(x—+/g Ht)
n = G(zx—+/g Ht)

Azr = /g HAt

€T
17]
t = At
T

v/ ¢'H 1S the wave speed




Shallow water model on a beta plane

ug = gne+PByv+7"/H
v = g'ny—Byu+T1Y/H
i — —H(U,x + ?}y)
;P2 — pP1
g = g
P1

Reduce to one equation in one variable:

1 2
(Vaz + Vyy )t + Bug — E”Uttt — %Ut = F(7)



1 2
(Ua;g; + Uyy)t -+ ﬂ?]x — g?}ttt — %Ut — F(T)

Substitute
v — V(y)ezkw—zat

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

o

Dispersion relation for equatorially trapped waves

———k2
c2 o

(3(02 ﬁk) _ on 41




Dispersion relation for
equatorially trapped waves

Inertia-Gravity

(g/H)l/Q
2n + 1

slope =

Philander, “El Nino, La

slope = (¢g'H)Y/?

wavenumber

Nina, and the Southern L L
Oscillation,” 1990



Typical values for the ocean mixed layer
P2 — P1

= (0.002
P1
H = 100 meters
yield
gH = 1.4m/s

which means it takes

15 x 106 N 15 x 106
1.4/3 1.4

= 1.4 years

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)




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



“EL NINO/SOUTHERN OSCILLATION (ENSO) DIAGNOSTIC
DISCUSSION issued by
CLIMATE PREDICTION CENTER/NCEP 11 December 2008
Synopsis: ENSO-neutral or La Nina conditions are equally likely
through early 20009.

MOAA/MNESDIS S5T Anomaly (degrees C), 12,/15/2008
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The latest weekly SST departures are:

Niio 4
Nino 3.4
Niiio 3
Nino 1+2

Nino Region SST Departures (°C)

-0.5°C
-0.7°C
0.4°C
0.4°C
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SST Departures (°C) in the Tropical Pacific

During the Last 4 Weeks

During the last 4-weeks, equatorial SSTs were below average (cooler than —0.5°C) in
the central Pacific (140°W-180°W) and in parts of the eastern Pacific (80°-100°W).

Averaqe SST Anomalies
16 NOV 2008 - 13 DEC 2008
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The most recent e/
ONI value
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Low-level (850-hPa) Zonal (east-west)

Wind Anomalies (m s)
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Westerly wind anomalies
(orange/red shading).

Easterly wind anomalies (blue
shading).

Low-level (850-hPa) easterly wind
anomalies have persisted since

January 2007 over the equatorial
Pacific between 150°E and 150°VV.

However, in late September- early
October 2008, intraseasonal (MJO)
activity briefly weakened the easterly
anomalies across the central
equatorial Pacific (dashed red oval in
figure).

Since early October, strong easterly
anomalies have dominated the central
equatorial Pacific.




Pacific Nino 3.4 SST Outlook

A majority of ENSO forecasts indicate slightly below average SSTs in
the central equatorial Pacific through Northern Hemisphere Summer
2009. Several models suggest weak La Nina conditions during

December 2008-March 20009.

v

Model Forecasts of ENSO from Nov 2008
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