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Timmermann et al, Nature 1999
forced coupled O-A model with

greenhouse forcing

ENSO variance increases 
under greenhouse forcing

trend towards El Nino-like
mean state in tropical Pacific

Clement et al, Paleoceanography 1999
forced Cane-Zebiak model

with orbital insolation changes

ENSO response to smooth 
forcing could be abrupt

changes in ENSO could 
trigger abrupt climate changes 
observed in Greenland (and 
many other NH sites)

Through ENSO-colored lenses

ENSO shutdown

ENSO variance in control run
ENSO variance Observed
ENSO variance in GHG run



How will ENSO and/or 
tropical Pacific climate 
evolve under continued
anthropogenic forcing?

Relevant Scientific Questions:

1. Is there evidence that the tropical 
Pacific has responded to 
radiative forcing in the geologic 
past?

look at Holocene

2. What role did the tropical Pacific
play in abrupt climate change 
(as trigger and/or feedback?)

look at deglaciation
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1. Holocene tropical precip. trends
-response to precessional forcing?
-role for tropical Pacific?

ENSO variability mean 
state

Clement et al., 1999; Tudhope et al., 2001; 
Moy et al, 2002; Woodruffe et al., 2003

Berger & Loutre, 1991; Haug et al., 2001; Stott et al., 
2002; Thompson et al., 1998; Yuan et al., 2004



2. Abrupt climate change
-Greenland and Antarctic have very different patterns of rapid climate events
-Chinese speleothem confirms Greenland pacing at 30N, 120E 

Wang et al., 2001
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Age Distribution and Lengths of Borneo Speleothems

Growth rates (1-100µm/yr) easily allow for decadal to 
centennial resolution.

Low U (0.1-1ppm), low 234U (-100‰) and high 232Th 
(1ppb) make U/Th dating challenging. Use MC-ICPMS.

Many stals cover desired interval (LGM to present);
allow for REPRODUCIBLITY



Key observations:

1) reproducibility good
within dating error bars

2) carbon and oxygen
isotopic records are not
correlated (kinetic effects
do not dominate signal)

3) -9‰ calcite d18O value
for present-day implies
equilibrium precipitation
from present-day
rainwaters

4) carbon isotope records
noisier than oxygen
isotopic records
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In best-dated record:
no evidence of Younger
Dryas

hint of Antarctic Cold 
reversal; smooth
S.H.-like deglaciation

shared features with
Chinese cave records,
most notably H1



What’s so special about H1?

Observed shut-down
of Atlantic meridional
overturning circulation
(McManus et al., 2004)

…which pushes ITCZs
southward and decreases
West Pacific Warm Pool
precip by changing
Walker circulation
(Zhang and Delworth, 2005)
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Most tropical hydrological
records track summer
insolation

Is Borneo rainfall
sensitive to N.H. October
insolation (or S.H. 
March insolation?)

Or is something else 
going on?



Koutavas et al., 2002
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Several big questions remain unanswered:

What are the relative contributions of seasonal vs. ENSO precipitation
variability locally? What are their respective amplitudes wrt d18O of precip?

Over what spatial scales is climate driving d18O of precipitation? 
What parameters is d18O of precipitation most sensitive to?

or more generally….
How are local/regional
climate changes recorded
in cave stalagmite
geochemistry?



Timeseries of rainwater and 
cave dripwater δ18O
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Conclusions

Malaysian stalagmites provide reproducible d18O signals, favoring a 
climatic interpretation

LGM was drier than present, with prolonged additional drying during Heinrich1

Deglacial sequence more closely resembles the S.H. ice cores

Holocene trends not driven
by summer insolation

Tentative support for “amount 
effect” at Malaysian site; large
signals in d13C, Mg/Ca



and now for a reliable paleoproxy!
Fossil corals collected during fieldtrips in 1998, 2000, and 2005

Beached fossil corals range 
from gravel-sized to 2m-diameter
(~100-150yrs).

rare longer cores:  ENSO & decadal 
variability

common short cores:  mean climate



ENSO and coral δ18O in the Central Tropical Pacific (CTP) 

During El Niño events, positive SST and precipitation anomalies 
both contribute to negative coral δ18O anomalies in the CTP

Interpretation of coral δ18O on lower frequencies relies on 
assumption that warm SST drives higher precipitation in the 
CTP, and vice versa

SST and rainfall anomalies during the 1982 El Nino
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Evans et al., 1999
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Tropical Pacific link to US West drought?

Cook et al., 2004

Evidence of La Niña-like conditions from ~900-1250AD:
Mono Lake lowstands (Stine et al., 1994)
high Warm Pool temperatures (Sr/Ca MD81, Stott et al., 2004)
decreased Peru runoff (lithic counts, Rein et al., 2004)
cool Santa Barbara basin temperatures (G. bull. δ18O, Field et al., in prep)

Question:  So how important were centennial-scale changes in tropical 
Pacific climate over the last millennium?
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Fanning (4ºN)?

6ky:  cooler, drier conditions?; reduced ENSO activity
0.5ky:  statistically indistinguishable mean, ENSO variability wrt modern

GOAL: A unified tropical Pacific climate reconstruction from Line Islands fossil corals?


