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Figure 1-1 Schematic representation of the component domains of the internal climate system, showing

their typical response time constants, and main sources of forcing.
Readings
(1) Saltzman, B., 2002, Dynamical Paleoclimatology: Generalized Theory of Global Climate
Change. Academic Press, San Diego, 354 pp. (ii) Crowley, T. and North, G., 1991:
Paleoclimatology. Oxford University Press, Oxford, 339 pp. (i) Ruddimann, W.F., 2000:
Earth’s Climate: Past and Future. W.H: Freeman and Company, New York, 465 pp. (ii1)
Burroughs, W.J., 1992: Weather Cycles: Real or Imaginary? Cambridge University Press,
Cambridge, 207 pp. (iv) Philander, S.G., 1990: El Nifio, La Nifia, and the Southern
Oscillation. Academic Press, London, 289 pp. ; (v) Philander, S.G.H., 1983, El Nifio Southern
Oscillation phenomena. Nature, 302, 295-301. (vi) Latif, M., 2004: Klima. Fischer Verlag,
Frankfurt am Main, 128 S.
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Variability
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Figure 1-2 Hypothetical, highly idealized, spectum of atmospheric thermal variance at a midlatitude
point over the age of the Earth. 83, 8, and §; denote the synoptic, climatic, and tectonic averaging intervals,
respectively, and ey, £¢, 59, and £y denote the approximate response times for the atmosphere, oceanic
mixed layer, deep ocean, and ice sheets, respectively, as will be discussed in Section 4.3.

Saltzman (2002)
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Time scales
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The ice-age problem

Calanca, 21.06.2006



The ice-age problem

The ice age problem can be visualized with reference to the following figures
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Figure 1-4 (a) 3130-Derived estimates of global ice mass variability over 6 My: (b) a more detajled view
of the past 1 My. After Shackleton (1999).

Figore 1-3 Idenfized represemtation of the
varafions of mean global temperatore over the
age of the Earth based on geologic proxy evi-
dence. Coldest periods are associated with larpe-
seule glaciation. After Frakes (19749),
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Earth’s face

Figure 3-1  Bvolution of the continent-nosen Ssrritition oeer dhe past 5 My. Afller Sansse {1597],

Saltzman (2002).
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A proxy for the global ice volume

The oceanic 8'30 [%o] records can considered a proxy for the record of the
global ice volume. The variable 5'%0 is defined as:

6180 — Rsample _Rstandard 1000

standard

where R is the isotopic mass ratio, in this case R = 130/190, and the standard
is provided by the U.S. National Bureau of Standards. Changes in 6!30 are
related to the 1sotope fractionation occurring with the evaporation of water
vapor from the ocean, the atmospheric transport toward high latitudes and the
formation of precipitation.

Calanca, 21.06.2006



Formulation of the ice-age problem

Returning to the ice-age problem, we can put down the following main
questions:

* How do we explain the onset of glaciations at ~ 2 Myr before present?

* How do we explain the onset of a near 100-kyr quasi cyclic oscillation at
~ 1 Myr before present?

* How do we explain periodicities of near 20 and 40 kyr?

 Are the periodicities at near 20, 40 and 100 kyr all forced by changes in the
orbital parameters?
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Long-term climatic variations in insolation:
Milankovitch theory

Let us fist have a look at the variation of the orbital elements (Berger, 1991).
The three key elements in the orbital geometry are:

 the eccentricity, ¢;

« the obliquity of the earth’s rotation axis relativ to the ecliptic plane, ¢;

* the longitude of the perihelion, ®. The variability of € and ® induces the so-
called axial precession.

After Liou (2002)

Berger A. and Loutre MLF., 1991: Insolation values for the climate of the last 10 million years.
Quaternary Sciences Review, Vol. 10 No. 4, pp. 297-317, 1991.

Calanca, 21.06.2006



Long-term climatic variations in insolation (2)
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Long-term climatic variations in insolation (3)
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Long-term climatic variations in insolation (4)

Changes in the orbital elements give rise to changes in the insolation, which
are particularly pronounced at high latitudes. Milankovitch (1941) postulated
that variations in the summer insolation of the NH high latitudes (~ 65 °N)
alter summer melt and affect therefore the mass balance of polar ice sheets.
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Thousands of years since 1950

Milankovitch, M., 1941: Kanon der Erdbestrahlung und seine Anwendung auf das
Eiszeitproblem. Beograd, Konigliche Serbische Akademie. 12

Hartmann, D.L., 1994: Global Physical Climatology. Academic Press, San Diego.
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Ice-core records

Climate and atmospheric history of
the past 420,000 years from the
Vostok ice core, Antarctica

J. R. Petit*, ). Jouzel', D. Raynaud*, N. I. Barkov, J.-M. Barnola*, |. Basile*, M. Benders, ). Chappellaz:, M. Davis|,
G. Delaygue’, M. Delmotte*, V. M. Kotlyakovs, M. Legrand*, V. Y. Lipenkovi, C. Lorius®, L. Pépin*, C. Ritz*,
E. Saltzman|| & M. Stievenard’

* Liboratoire de (laciologie er Géaphysique de UEnvironnement, CNRS, BPOG, 38402, Smine Martin d'Heres Cedex, France
t Leahonmtoire des Sciences dw Climet et de ! wement! UMR CEACNRS 1572), UCrme des Merfsiers, Bir, 709, CEA Saclay, 90198 Gif-swr-Yoene Cedex, France
i Arctic and An

, Micmi, Florida 33149, 1754

Stable Carbon Cycle—Climate
Relationship During the
Late Pleistocene

Urs Siegenthaler,” Thomas F. Stocker,’* Eric Monnin,’
Dieter Liithi,” Jakob Schwander,’ Bernhard Stauffer,’
Dominique Raynaud,” Jean-Marc Barnola,” Hubertus Fischer,’
Valérie Masson-Delmotte,* Jean Jouzel®

A record of atmaospheric carbon dioxide (CO,) concentrations measured on the
EPICA (European Project for lce Coring in Antarctica) Dome Concordia ice core
extends the Vostok CO, record back to 650,000 years before the present (yr
B.P.). Before 430,000 yr B.P.,, partial pressure of atmospheric CO, lies within the
range of 260 and 180 parts per million by volume. This range is almost 30%
smaller than that of the last four glacial cycles; however, the apparent
sensitivity between deuterium and CO, remains stable throughout the six
glacial cycles, suggesting that the relationship between CO, and Antarctic
climate remained rather constant over this interval.

Nature, 1999, 399, 429-436

Atmospheric Methane and Nitrous
Oxide of the Late Pleistocene
from Antarctic Ice Cores

Renato Spahni,’ Jéréme Chappellar,” Thomas F. Stocker,'*
Laetitia I.::mlurglm!,2 Gregor Hausammann,’ Kenji Kawamura,'+
Jacqueline Fliicl:igar,': Jakob Schwander,’ Dominique Il.l;qrnlml,2
Valérie Masson-Delmotte,? Jean Jouzel®

The European Project for lce Cordng in Antarctica Dome C ice core enables us to
extend existing records of atmosphedc methane (CH,) and nitrous oxide (M 0)
back to 650,000 years before the present A combined record of CH, measured
along the Dome C and the Vostok ice cores demonstrates, within the resolution
of our measurernents, that preindustrial concentrations over Antarctica have not
exceeded 773 + 15 ppbv [parts per billion by volume) during the past 650,000
years. Before 420,000 years ago, when interglacials were cooler, maximum CH,
concentrations were only about 600 ppbv, similar to lower Holocene values. In
contrast, the MO record shows maximum concentrations of 278 + ¥ ppbv,
slightly higher than eady Holocene values.

13

Science, 2005, 310, 1313-1317
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Variability in ice-core records

The problem of dating
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Figure 3 Vostok ime serieg and insolation. Series with respect to time (GT4
timescale forice on the lower axis, with indication of corresponding depths onthe
top axis) of: a, GOy, b, i=0topic temperature of the atmosphere (see text); ¢, CHa;
d, 8, and &, mid-lune insalation at B5°M (in Wm) [ref. 3). GO, and CH,
measurements hawve b2en performed using the methods and analytical pro-
cedures previously described®”. However, the ©0; measuring systern has been
slightly modified in order 1o increaze the gensitivity of the CO, detection. The

Petit, J.R. et al. (1999)

thermal conductivity chromatographic detector has been replaced by a flame
jonization detector which measures O, after its transformation inta CH,. The
mean resolution of the CO: [CHa) profile is about 1,500 [980) years. It goes up to
about 8,000 years for GO, in the fractured zones and in the bottam part of the
record, wheraas the CH, time regolution ranges betwean a few tens of years to
4 B00 years. The overall accuracy for CHy and GOz measurements are +20p.p.bw
and 2-3 p.p.m.v., respectively. No gravitational correction has been applied.

14
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Variability ice-core records (2)
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Figura 4 Spectral properties of the Vostok time series. Frequency distribution (in
cycles w') of the normalized variance power specrum (arbifrary units]. Spectral
analysis was done uzing the Blackman-Tukey method (calculations were
parformed with the Analyseres software*™); a, izctopic temperature; b, dust; e,

sodium; d, 850mm; 8, Oz and f, CHa. Vertical lines comespond to periodicities of
100, 41, Z3 and 19 kyr.

Petit, J.R. et al. (1999)
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The egg and the chicken

The 100,000-Year Ice-Age Cycle
Identified and Found to Lag
Temperature, Carbon Dioxide,
and Orbital Eccentricity

Nicholas ). Shackleton

The deep-sea sediment oxypgen isotopic compaosition (3'%0) record is domi-
nated by a 100,000-year cyclicity that is universally interpreted as the main
ice-age rhythm. Here, the ice volume component of this 3'%0 signal was
extracted by using the record of 480 in atmospheric oxygen trapped in Ant-
arctic ice at Vostok, precisely orbitally tuned. The benthic marine 5'®0 record
is heavily contaminated by the effect of deep-water temperature variability, but
by using the Vostok record, the &'%0 signals of ice volume, deep-water tem-
perature, and additional processes affecting air 6'%0 (that is, a varying Dole
effect) were separated. At the 100,000-year period, atmospheric carbon diox-
ide, Vostok air temperature, and deep-water temperature are in phase with
orbital eccentricity, whereas ice volume lags these three variables. Hence, the
100,000-year cycle does not arise from ice sheet dynamics; instead, it is

probably the response of the global carbon cycle that generates the eccentricity
signal by causing changes in atmaospheric carbon dioxide concentration.

Shackleton, N., 2000, Science, 289, 1897-1902.

16
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The egg and the chicken (2)
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How well do we understand ice age cycles?

Partly based on ideas by Imbrie et al. (1984) and Imbrie et al. (1992),
Saltzmann (2002) proposed a dynamical model of the northern hemisphere
ice-sheet and bedrock evolution and concomitant CO, and ocean state
variations. )

The model can account for the main

system transitions during the last 5 Myr. EXTERNAL FORCING
. . R(Sexe), hide). V, W, G
The model is forced only by: (1) | ____T1T— T—
variations in insolation of the NH high v Y
latitudes; (i1) slow variations of CO, due SUPERGCM | i ixes | oz
to tectonic processes. It includes fast- - N
and slow-response variables, and allows o oo
for internal instabilities. SURFAGE STATE
. BIOSPHERE .
CHEMIGAL | |
MOED AVER O ONGLE
SEAICE | |
Figure 5-3 Schematic representa- 5
tion of the relationships between exter- | FIELDS
nal forcing, the fast-response variables X ¥
(X}, and the slow-response variables
(¥), showing the central role of a pa- > (X¥) (hozr) -
the global mean variables (¥).
Saltzman (2002). 18
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Internal instabilities
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Figure 6-17 Schematic flowchart, showing the components of a |
including stochastic effects. %
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a0 F Solution for - 1.7
0-Dimensional Model Figure 13-10 Possible path of the equi- 0 -
30 r - libdum state of the thermohaline state of
the ocean (Pmax, Sp) from the Barly to Late Early
20 7] Cenozoic as a function of the forcing function Cenozoic
[1{fiq. ) based on the two-box model bifur-
— 1or 7] cation diagram shown in Fig. 11-5. 0
o
&
~ ofF -
i
10 F -
20 .
30 7 Figure 7-3 Sieady-state temperaiures corre-
sponding to the climate solutions for a zero-
40 7 dimensional climate model with variable ice cap
| [ ! 1 n as a fonction of solar comstant in units of its
08 10 11 12 13 14 present velue. The roots (I, 11, and III) corre-
/s spond to the solutions for the present Jevel of Saltzman (2002)-

] solar forcing. After North ef al. (1981).
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Geochemical processes affecting atm. CQO,
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Figure 106 Schematic representation of the main geochemical links and reactions that determine the
atmospheric CO; concentration on a time scale greater than 1 My. After Sarmiento and Bender (1994).

Saltzman (2002).
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Some results
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_ Figure 15-12 (a) Variations of July insolation at 70°N due to Earth-orbital forcing over the past 400 ky. § )
%9 (b} Expanded view over the past 400 ky of the time-dependent solution for jce mass, W (solid corve), 220 _'_.
compared with the SPECMAP & 180 reconstruction, scaled in terms of ice mass (dashed curve). (c) Time- 200 i
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Figure 15-14 Comparison of the CO; solution obtained by Saltzman and Maasch (1990) (solid curve),
with the Vostok €O measurements going back 420 ky (Petit et al., 1999) (dashed curve).

Saltzman (2002). 5,
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How well do we understand ice age cycles? (2)

The sequence of processes implied by the model is as follows:

Tectonic forcing — long-term variations in CO,, with low values over the
Pleistocene, favouring cold T and ice formation;

At low enough CO, — ice formation over NH, linearly influenced by earth-orbital
variations near 20- and 40-kyr-time scales (Milankovitch);

Slow growth of NH ice sheets — reduction of sea level, enhanced cold deep water
production and shallowing of the thermocline;

At a critical stage — activation of positive feedbacks inherent in oceanic CO,
pumping —> reduction CO, partial pressure in the ocean surface layer and
consequently in the atmosphere. A new quasi-equilibrated state is achieved with low
CO,, large ice sheets and a cold ocean;

Shallow thermocline and relatively strong thermohaline circulation — net leakage of
CO, back to the atmosphere — increase in atm. CO, concentrations — enhanced
greenhouse — surface warming and ice sheet melt;

slow rise in atm. CO, — general warming and deactivation of CO, pumps — sharp
increase in atm. CO, — termination of main ice age. At the same time deepening of
the thermocline begins to restrict the release of CO, to the atmosphere — no
equilibrium possible and generation of a near 100-kyr oscillation.

22
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How well do we understand ice age cycles? (3)

Essential processes in the near 100-kyr cycle are:

e glacial state that promotes the gowth of a ‘cold-mode’ ocean with shallow
thermocline;

e in this state a more symmetric thermohaline circulation — upwelling of carbon reach
water — increase in atm. CO, conc.;

¢ increasing atm. CO, — start deglaciation;

e increase in atm. CO, is accentuated by positive feedbacks (warming of ocean and
land masses, rise in sea level, reduction of the biological CO, pump in the ocean, ...);

e sharply increasing atm. CO, — calving and bedrock lifting — collapse of remaining
ice caps — warming of ocean — establishment of a ‘more normal’ thermohaline
(~ today’s state);

e ‘warm-mode’ ocean — deeper thermocline — reduced CO, efflux to the atmosphere
— decrease in atm. CO,;

e back to glacial state.

The chronology for this 100-kyr cyclic behavior is set by the near 100-kyr-
period envelope of Milankovitch forcing, which imposes a ‘phase-lock’ on
the cycle by constructive interference of the max/min in high-latitude
incoming radiation of near 20- and 40-kyr periods with max/min of CO,.
23
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How well do we understand ice age cycles? (4)

The main conclusion of Saltzman (2002) is as follows.

‘In summary, [the model] can account for the [observed variations] by
assuming that positive feedbacks in the carbon cycle can provide the
instability necessary to drive a free oscillation.

As a side consequence of this theory, predictions of the longer term behavior
are made that include the mechanism for the onset of the ice ages at about 2.5
Myr and the initiation of a strong near 100-kyr-period oscillation about 0.9
Myr ago.

In agreement with the conclusion expressed by Imbrie et al. (1992), it would
appear that the near 20-kyr and 41-kyr-period variations are linearly forced by
earth-orbital changes. However, we suggest more strongly than Imbrie et al.
(1993) that the main 100-kyr-period oscillation is internally driven by an
instability, probably residing in the behavior of the carbon cycle, with
Milankovitch forcing playing the more secondary role of setting the phase of
this oscillation.’

Again, the main cause for the onset of ice ages 1s the reduction of CO,
induced by tectonic processes.

24
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El Nifio and the Southern Oscillation (ENSO) *

Probably the most famous and well-studied example of internal variability of
the climate system on time scales ~10 years is the so-called ‘El Nifio
Southern Oscillation’” (ENSO) phenomenon (Philander, 1983).

SATURD vl m7 34 MABCH 983 REWEW ARTICLE ——
El Nino Southern Oscillation phenomena
S. G. H. Philander

Geophysical Fluid Dvnamics Labaratery/ NOA A, Prisceton Linkversity, Princeton, New Jersey 08540, LIS A

[ P

At interpals that vary from 2 to 10 yr sea-surface temperatures and rainfall are unusually high and
the tradewinds are unusually weak over the tropical Pacific Ocean. These Southern Oscillation EI
Nido evenis which devastate the ecology of the coastal zones of Ecuador and Peru, which affect the

global aimospheric circulation and which can contribute to severe winters over northern Americd,
aften develop in a remarkably predicrable manner. Bur the event which began in 1982 has not
allowed this partern.

. Anomaly of the sea-surface
-+ temperature in December 1997,
during the 1997/1998 El Nifio

25
* This section is partly based on material kindly provided by C. Appenzeller.

Calanca, 21.06.2006



The name °‘El Nino’

The name El Nifio comes from the fact that a warm current flows southward
along the coasts of Ecuador and Peru in Jan-Feb-Mar; the current means the
end of the fishing season and its onset at about Christmas was the reason why
the phenomenon was called by the local people El Nifio (‘The Child’).

In some years, positive temperature anomalies are exceptionally high and
persist for longer, curtailing the subsequent normal cold upwelling seasons,
with distastrous consequences for the local fishers. This was for instance the
case in 1982 (Philander, 1983).

Nowadays the term El Nifio is associated to this more dramatic events.

26
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Oceanic currents
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Cambridge, 788 pp. (p. 123)
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The Southern Oscillation

The discover of the Southern Oscillation is due to Sir Gilbert Walker (papers
published in the 1920s and 1930s), who found that ‘when pressure is high in
the Pacific Ocean, it tends to be ow in the Indian Ocean from Africa to
Australia.” The associated circulation is know called Walker circulation.

Fig.1 The correlation of monthly
mean surface prossune with that of
Dijakarta®®, The correlations are
large and negative in the South
Facihc High Pressure Zoné and arsa
large and positive in the Aus-
tralian=Indonesian Low Pressure
Lone. The 50 05 not a standing
oscillation so that correlations do

ot have 2 maximum At rero
45,47
lag .

Philander (1983)
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The Southern Oscillation (2)

The map shows that the SO is a barometric record of exchange of
atmospheric mass along the complete circumference of the globe in tropical
latitudes. Based on the pressure difference between the two centers of the
previous map (Darwin and Easter Island) one can construct the so-called
Southern Oscillation Index (SOI).

The standard view about periodicities in the SO is that while 1t has an average
period of ~ 3 years, it is irregular in nature, as seen in the time series of the
SOI (next page).

Southern Oscillation Index

La Nina

Standardized

El Nino

1950 1960 1970 1980 1990 2000

Courtesy of C. Appenzeller 29
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Atmospheric-oceanic interactions

The links between atmospheric patterns (Southern Oscillation) and large-
scale fluctuations on the surface temperature of the tropical Pacific (EI Nifio)
are the key to ENSO.

warme SST Anomalie

@ (Ostpazifik) \%

Reduziertes Aufquellen Reduzierter E-W
von kaltem Wasser Druckgradient

N A

Schwichere

Passatwinde
Courtesy of C. Appenzeller
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Impacts of El Nifno

The following figures shows the impact of the 1997/98 El Nito.

Societal Impacts from 1997/98 El Nino
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Climate Prediction Center

Red: rainfall below normal, blue: rainfall above normal. Compare the cbserved rainfall pattern with that predicted by the

coupled ocean-atmosphere model; see page 3.

Courtesy of NOAA (Climate Prediction Center)
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A typical El Nino

Flg. 3 Ses-gparface iemperature
anomalies |in *C) during a typécal
EMNS0 event obtained by averng-
img data [or ihe events between
1950 and [973. @, March, April
and hay after the onsei: b, the
faollawang Augwsl, Seplember @l
Cerabaed; o, the follivwing Deceni-
ber. January amd February. o,
May, June and fuly, more than a
year after the anaed’s.

Philander (1983)
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A sequence of events

The events associated to a typical El Nifio are:

prior to the onset of a El Nifio changes in the large scale atmospheric circulation
patterns, with an increase in pressure over the western Pacific and associated
weakening of the trade winds west of the dateline.

shift of the ITCZ toward the south;

during the mature phase, westward expansion of anomalous conditions. very weak
trade winds. This phase is highly predictable;

besides changes in the atmosphere, changes in the oceanic settings occur. Due to
very weak trade winds, sea level in the western Pacific falls and the depth of the
thermocline is reduced;

intense eastwards oceanic currents between the equator and 10 °N carry warm waters
away from the west Pacific (this is the reason for the apparent westward propagation
of the positive sea surface temperature anomaly);

along the western coast of the Americas there is an increase in sea level that
propagates polewards in both hemispheres. This motion creates an eastward
propagating Kelvin wave;

return to normal conditions: the amplitude of the anomalous conditions off the coast
of South America returns to normality a few months after the onset of El Nifio.
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El Nifo and the global atmosphere

The anomalies associated to ENSO can be felt outside the tropics. We speak
of teleconnections with extratropical latitudes.

Philander (1983)

Fig. 7 Teleconnections to the extratropics during EN5SO,
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El Nino and La Nina revisited

Normal Conditions
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ENSO on the web

Two very useful addresses are those of:

» The ‘Tropical Atmosphere Ocean project’ (TAO)
http://www.pmel.noaa.gov/tao/

a Tropical Atmosphere Ocean {TAD) Project Home Page - Microsoft Internet Explorer

Datei Bearbeiten  Ansicht  Fawvoriten  Extras 7

QZurUck - O - \ﬂ @ ;:j ‘;) Suchen *Favoriten ﬁ‘)

Adresse I@ hkkp: f e prnel . noaa. gowkao)

-

Sl | NS

Pacific Marine Environmontal Laboratery

@ Tropical Atmosphere Ocean project TeheoO

Michael J. McFhaden, Director
iome | Project overview | Data display | Data delivery |EI Nifto & La Nina | Site map
Find I Tuesday June 20, 2006 (FOT)

Real-time data from moored ocean buoys
for improved deatection, understanding and
prediction of EI Nifio and La Nifa.

*C
Sed Surface Ternparaturs and Winds k1]
- 28
— ~ 25
2z

Cota as of yesterday
14

The TAQ Stary

NEW! Warm YWwater Wolurme and ENSO

news  Try our news combined Display and Delivery Page which includes mare comprehensive data and
new features, like the ability to download what you view
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ENSO on the web (2)

» The National Oceanic and Atmospheric Administration (NOAA)
http://www.elnino.noaa.gov/

3 El Nifio: Research, Forecasts and Observations - Microsoft Internet Explorer

Datei Bearbeiten Ansicht  Favoriten  Extras 7
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El Nifio is a disruption of the
ocean-atmosphere system in
the Tropical Pacific having
important consequences for
weather and climate around
the globe

NOAA is the National
Oceanic and Atmospheric
Administration, which has
primary responsibilities for
providing ferecasts to the

Mation, and a leadership role
in sponsaring El Mifio
observations and
research

ROsA ULrent 5% Lnomal e (L), _br;ZO,’ZOOb

whits ogiona incieerne moa eg

~A0 <43 43 =23 -0 —ri -Z0 13 -0 -0 COP AT 190 130 290 T3 D40 00 400 e33 356

‘.??’ What is El Mifio? What is La Nifia? What's happening today?

NOAA Sites A comprehensive listing of MOAA El Mifio sites:
Eorecasts
Observations
Research

More about El Nifio Comprehensive Index of more sites
Educational sites
Animations and Graphics new!
non-NOAA sites
Impact vew:

La Nifia La Nifia is associated with cocler than normal water
temperatures in the Equatonal Pacific Ocean. Links onthis
page will have detailed information on processes involved in,
and the status of La Nifia
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ENSO on the web (3)

* NOAA-TAO
http://www.pmel.noaa.gov/tao/elnino/nino-home.html

ternet Explorer
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What is El Mifin?
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Impacts of El Mifio

Benefits of El Mifio prediction
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Wisit an El Mine Observing System
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conditions

Yhat is happening now?
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Forecasts

Realtirme data, products and analyses

Lizt of impacts and prediction benefits
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What's new?
Questions?

The TAQ Project
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About Theme Pages
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Facific equatorial sea surface Awards
temperatures (animations) Disclaimar

Where can | find data on El Nifio?
TAD moored buoy data

Warm Water Walume NEW!
Realtire data, products & analyses
#BT data

Drifting buoy data

Sea level field analyses

Satellite data

Climate data

Mumerical model simulations
Ka'lmimoana shipboard data

NOAA data vig the NOAAServer

Normal, El Nifio and Developing La Hifia

Links and Credits

Contents
Search this site
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