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What happened in 1997-98

 Temperature anomalies in the ocean at the
scale of the Pacific ocean associated with
precipitation and wind anomalies

e Climatic anomalies observed at the scale of
the entire planet
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A small story of El Nino

Christmas Gifts for Peruvian (and
Californian) fishermen ...

OUT-OF-TOWN VISITORS

Warm currents from a growing ET Nifio have brought tropical and
subftropical fish fo Northem California waters. Below are examples of fish
that have been either caught or sighted within 20 miles of share.

Surface water
ternperature from
Monteray to Farallones
MNormal: 58°-607
Current 65"-68"

Surface water
temperature for
San Diego
Mormal: 62°-64*
Current: 70°-74°

Dana =
Paint
Sowrce Sonpps lnstifute:
Figdd Gunicde to Pacific Coast Fishes San Diego =
Jomx Beascuans [/ The Chronicle

El Nino, warm current appearing during
Christmas period... or?



A small story of El Nifio

« Austral Oscillation »

Atmospheric phenomenon at the scale of
the Pacific ocean

S301: Tahiti and Darwin as ~centers of action”,
mslp commelations between btwo locations
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Sir Gilbert Walker

Tahiti and Darwin are at opposite ends of the Southemn Oscillation’s 5eesaw,
and so the difference in pressure between them is used to measure the
Southemn Oscillation. The numbers represent a statistical measure called
the correlation coefficient. Thefigure shows that the pressure variation

at Tahiti is as closely related to Darwin as are locations near bo Darwin,

but with the opposite sign [i.e_ if the Pressureis high at Darwin, it is low

at Tahiti and vice versa). [After Rasmus3zon, 1934 ]

..or?



A small story of EININo

Bjerknes’ hypothesis:

El Nino and the austral Oscillation are the
same phenomenon : ENSO

Ocean Temperature Departures (°C) for Nifio 3.4
(5°N-5"S, 170°W-120"W)
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The media and the practice have imposed
the name « El Nifio »



Plan

1) Introduction
2) State of knowledge about El Nino

3) Climatic, environmental and economical impacts
of EI Nino

4) Previsibility and predictability of EI Nifio

5) El Nino and beyond...
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Two indices to define
Nino3: oceanicT anomaly
SOI : atmospheric P anomaly

El Nifo
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State of knowledge about
El Nino

El Nino - questions:
* Who is la Nifa ?
* Since when does El Nifio exist? Is it regular?

» What are the observation means of El Nifio ?

« What are the principal characteristics of an El Nifo
event?

« What are the mecanisms of El Nifio ?
« What are the impacts of El Nifio ?

e |s EI Nifo predictable and how can we anticipate it?



Who Is La Nina ?
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*Since when does El Nifo exist? Is it
regular?

Darwin SLP NINO3 SST 1882 - 1996

1960 1965 1970 1975 1980 1985 1900 1085

El Nifo Is not a periodic phenomenon.
An EI Nifo occurs every 2 to 7 years as an
average.



Has EIl Nino always existed?

~  EINino already existed 4000 years ago!!!

-




What are the observation means
for El Nino ?

TOGA in Situ Ocean Observing System
Pacific Basin




To observe
El Nino:

Buoys

TAO

S0"N
20°N | TAO/TRITON Array
10°N - o g o o o
o o o o o o o o
a m| O o O O o
Q H =5 =R & =5
O o o o o o
1072 o o o o
2073 A
OATLAS OTRITON B Bubaurface ADCP
a0 " ———————————— 71—

Ooomoon
EIEIEEEIEIEI
oomoon

120°E

140°E 150°E 1a80° 180°W 140w

1207 1007w

BO"W



To observe
El Nino:
XBT

Network

Lignes de navigation dans le Pacifique
équipées de systéme d'observations XBT

(from http:/fioc.uncsco.orgfigossweh/xbtlines.htm)




To observe El Nifio:

Satellite data (1)

Satellites allow to observe numerous parameters:
- The surface temperature of the ocean

- The surface wind

- The precipitations and convective clouds

- The sea level...

g SSHI| 'Wind Speada [da Dota: Mov 5 10:08 GWT 2001 -
B g (merged Ssh a7, 0 moO& 10 18 20 25 A0 35 40 45 w80 knalllx

Example: surface winds
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To observe El Nifio:

Satellite data (2)
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To observe El Nifio:

Satellite data (3)

Sea level anomalies of the sea observed during EI Nifio
1997-98

Z9 AFR 97




To observe the ocean

future: the ARGO system
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What are the principal characteristics of an
El Nifio event?
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State of knowledge about El
NIno

What are the mecanisms of El Nifio ?

Bjerknes’ idea: a coupled instability...

Yes but ?
What triggers EIl Nifo ?
What « ends » El Nifio ?

==> the concept of « equatorial waves »
and the theory of the delayed oscillator



The equatorial waves

-volution du niveau de la mer sous I'effet d’un coup de vent d'ouest
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fima

The example of
El Nifo 1997-98

trigger : gust of wind
Development : coupled

time

instability
g End : delayed oscillator (and
" N local wind)
"~ longitude
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El Nino Impacts
Rain and drought

Northern Hemisphere Summer




Global Rainfall Anomalies Winter 1997/98
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Acculumated rainfall departures during November 1997-
April 1998. Precipitation amouts are obtaining by merging
rain gauge observaions and satellite-derived precipitation
estimates. The satellite estimates are generated by the out-
going longwave radiation precipitation technique (Xie and
Arkin, 1998), and are merged with rain gauge data via a
method adapted from Xie and Arkin (1996). Anomalies are
depatures from the 19979-95 base period means (from
BAMS, 1999, 80, S1-48).

AVIBAMS/98-3




ENSO Impacts

ENSO events have tremendous impact in various
regions of the world. For example, warm ENSO
extremes are accompanied by droughts in parts of
Africa, south-east Asia, Australia and Brazil and flood-
ing in western South and North America and Florida.

Fires in the tropical forest of Indonesia (red dots), snapshot on Septem-
ber 30, 1997 (courtesy of NOAA/Significant Event Imagery)

LB/G1/99-3 ;



El Nino Impacts: Hurricanes

El Nifo modifies the atmospheric circulation (structure of the
vertical winds) and influences the occurrence frequency of the
hurricanes:

El Nifio + hurricanes over the eastern Pacific
- hurricanes over the Atlantic

(6 hurricanes in French Polynesia in 1982-83 !)

La Nifia + hurricanes over the Atlantic
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El Nino Impacts
Marine populations

Marine populations and therefore...

fisheries, fauna from the Pacific islands...

California Landings of Squid
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El Nino Impacts
Health

Exploring the Linkages between the
El Nino-Southern Oscillation (ENSO) and Human Health
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El Nino Impacts
Health

Malaria in Colombia
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El Nino Impacts

* Evaluation of the economic price of El Nmo
in1982-83 panabdith

Affected Zones:
Peru, Indonesia, Australia...
South Africa, Nordeste, India...
African horn, western Africa

Impacts:
hurricanes

Floods

Drought
Socio-economical
consequences




Previsibility and predictability
of EI Nino

El Nifo, a capricious child from nature...
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Previsibility and predictability
of EI Nino

Various techniques for predictability of El Nifo
(statistics, based on physical models)

Prediction system of the European Center

@)
_/ Information exchange
Ocean temperature
@) / > > wind, rain, heat flux
Ocean model
Initial state created by
—_

« data assimilation »



Previsibility and predictability
of El Nino

Prevision of El Nino 1997-98
by the system of the European center

Initial oceanic
conditions
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Previsibility and predictability
of El Nino

Prevision of El Nifio 1997-98
by the system of the European center
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Previsibility and predictability
of EI Nino

El Nifio can be forecasted with some reliability (6 month)
but ...

the performances of the prevision systems are still
dissimilar (dependence of the amplitude, the sign, the
starting period...) : strategy of the models

-> need of better determining the initial conditions, local and
non local

-> need of better representing the atmospheric tropical
synoptic activity

What are the consequences of El Nifio ?

In the tropics, the consequences are rather systematic, and
thus predictable

Toward higher latitudes, the predictions are not
« deterministic » any more but « probabilistic », due to the
« chaotic » character of the atmosphere



The Indian Ocean

Africa - Indonesia  Africa Indonesia
from Webster et al.. 1999

CI|mat|c Impacts

Conseguences
Epidemic (RVF, Cholera, Malaria)
Floods (e.g. White Nil 1961-82)
Fires (Indonesia, 1997)
Tuna fishing (Marsac et Le Blanc, 1999)




El Nino and beyona
tropical Atlantic Ocean
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Nl AMbidic Celbilione
El Nifio and beyond

North-Atlantic
oscillation
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And the Climatic change ?

ENSO 1950 - 1999

8
ol
3
2
' i ‘
R .'uli A\
-1
2
-3
— EFIndex
; :
1950 196¢ 1970 1980 1999 2000
}’ﬂl’."
126 = iy 7 -l
1 9A2-63 ]
El Mifi 2
Ba0-41
B El Nifa
£ s !
E T Ik
- |
i ol A
ji[AAE S |
= H 1622 33 i 1640




In summary...

El Nino, coupled climatic phenomenon between ocean
and atmosphere, impacts everywhere in the world.

Twenty years of international collaborative research to
explore the scientific grounds and to start to elaborate
prediction systems based on the coupled used of
observations and models

El Nino is predictable several months in advance (as weel
as the expected impacts)

There exists other ocean-atmosphere coupled models. We
now need to understand the mecanisms and learn how to
predict the events.
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