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WHAT WE WOULD LIKE TO RECONSTRUCT:
VARIANCEE .... interannual-interdecadal
BACKGROUND STATE of the tropical Pacific

TELECONNECTION PATTERNS ..... extra-tropical and extra-
Pacific

Within ‘climate regime’ ... little or no change in external forcing,
e.g., late Holocene

Between ‘climate regimes’ ..... significant changes in climatic
boundary conditions, e.g., glacial vs. interglacial




ENSO ARCHIVES:

Ideal attributes:
e seasonal resolution
e from core regions of ENSO dynamics

Potential Archives:
laminated sediments
tropical ice cores
trees
corals
calcareous sponges?
speleothems?
(faunal/floral assemblages)
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Sea Surface Temperature anomalies during 1987 El Nifio
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ENVIRONMENTAL
RECORDS

FROM

MASSIVE
CORALS:




ANNUAL BANDING
IN CORALS

e.g., fluorescent banding
visible under longwave
ultraviolet light:

centimetres
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Cross spectral analysis of coral 680 records 1885-1991
(ARAND software courtesy of Phil Howell)
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CORAL AND INSTRUMENTAL RECORDS OF ENSO SINCE 1880

all records treated with a 2.5-7 year bandpass filter to reveal ENSO variability

e T T T T T T T T T T :I
La Nina I - -0.1 18
Huon \/\/VV - 0.0 8 ©
coral o1 (%)
El Nifio I
|
I ~ -0.1
CORAL Madang I L 0.0 8°0
RECORDS coral - 0.1 (%o)
I
' : - -0.1 _18
Laing - 0.0 O O
coral 01 (%0)
| |
! - 50
Madang :
monthly -0 mm
'LOCAL’ rain - 50
INSTRUMENTAL |
RECORDS | ' qcal sea ! 02
surface - 0.0 G
temp. - -0.2
I |
— |
NINO3.4 | - -0.5
sea surface I = 0.0 °oC
temperature — 0.5
ENSO index
INDICES
Darwin i 6065
atmos. L 05 mo
pressure '
T T T T T T T T T T I T

date: 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

(Tudhope et al., 2001,

strong, . weak, strong, Science, 291, 1511-1517)
regular ENSO irregular ENSO regular ENSO



UPLIFTED CORAL REEFS AT HUON PENINSULA:
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GLOBAL SEA-LEVEL AND FOSSIL CORAL SAMPLES

thousand years before present
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Sea level at -80m w.r.t. present
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. . \ . 18
Comparison of living and 'glacial' coral & O records

2.5-7 year bandpass filtered to reveal ENSO-style climate variability
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Summary:

 ENSO has existed for at least 130,000 years,
operating even during ‘glacial’ times

HOWEVER, ENSO has varied 1n strength, with
modern ENSO strong relative to previous ‘glacial’
and 1nterglacial times

On these timescales, ENSO strength may be
controlled by the combined effects of:

» Variations in the Earth’s orbit (precessional
forcing)

» ‘dampening’ of ENSO variability during cool
‘glacial’ periods
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Instrumental and coral oxygen isotope timeseries, Papua New Guinea
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Amplitude of annual cycle in coral 8'80
(based on 8 samples/year)
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CO, Concentration in Ice Cores and
Atmospheric CO, Projection for Next 100 Years
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Future ENSO:

« ENSO appears to be sensitive to global climatic

boundary

conditions, THEREFORE, ENSO is

likely to respond to future Greenhouse Warming.

A strengt

nening of ENSO 1is possible/probable

Likely rol
change

e of the tropics 1n future global climate

e Possibility for ABRUPT changes?




Abrupt changes in climate:
thresholds and alternate stable
states

SOURCE: Modified from:
Scheffer et al., 2001, Nature, 413, 591-596
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LIVING AND HOLOCENE CORAL 680

seasonal and 9pt binomial filter 2.5-7 year bandpass filtered
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