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Tropical ocean-atmosphere interactions play a significant role in global climate changes on interannual and
decadal timescales. Knowledge of past climate and ocean variability is crucial for understanding and modeling
current and future climate trends. There are gridded SST products that go back to 1870 or so but the spatial and
temporal instrumental climate records from the tropics, especially continuous time series before 1950, are scarce and
limited. Thus there is a strong need for high-fidelity paleoclimate proxies that overlap with, and extend beyond the
instrumental records such as those derived from corals [e.g., Cole er al., 1993; Quinn et al., 1998], tree rings [e.g.,

Briffa et al., 1998; Mann et al., 1998], and ice cores [e.g., Tompson, 1986; Langway et al., 1995].



A massive hermatypic coral is a useful paleoclimatic and paleoceanographic recorder because it commonly lives
in shallow tropical to subtropical oceans, grows at a rapid rate (up to 2cm/year), and contains a remarkable array of
geochemical tracers within its skeleton such as carbon and oxygen isotopic composition and element/Ca ratios. In

. p . ‘s . Nty . N . )
particular, oxygen isotopic composition of a coral skeleton (07 O.,) is a powerful tool for reconstructing past
thermal and hydrologic variations in sea surtace conditions [e.g., Cole and Fairbanks, 1990; Tudhope et al., 1995:

al

Wellington er al., 1996] because ¢"°Q.,. variations are a function of both sea surface temperature (SST) and 6“0

AlS

composition of seawater ( 0" O.uwuer), the latter of which is commonly related to salinity [e.g., Weber and Woodhead,
1972; McConnaughey, 1989]. In regions where the 67O is fairly constant and/or seasonal variation in SST is
large, the 6"O... can be used as a paleothermometer (e.g., Dunbar et al., 1994; Wellington ef al., 1996; Chatles et
al., 1997). Conversely, in localities where there is liitle variation in SST, the 6™0. can be used to reconstruct sea
surface salinity (SSS) and 6" O, variations, which are related to changes in the 60 of rainfall (e.g., Cole and
Fairbanks, 1990; Linsley et al., 1994; Tudhope et al., 1995) and in evaporation/precipitation ratios. Element/Ca
ratios of coral skeletons have also been used to estimate various environmental signals such as SST (Sr/Ca: Beck et
al., 1992; Alibert and McCulloch, 1997; and Mg/Ca: Mitsuguchi et al., 1996) and nutrient levels (Cd/Ca, Ba/Ca and
Mn/Ca: Shen et al., 1987, 1991, 1992: Lea er al., 1989). A multi-proxy approach that combines Sr/Ca and Mg/Ca
ratios and 0O, allows separation and identification of the specific thermal and hydrologic variations at the site of
coral growth.

Long-lived corals have provided continuous time series of environmental variations in sea surface conditions over
the past several centuries in many tropical regions, relating to changes in the state of El Nifio/Southern Oscillation
(ENSO), interdecadal linkages between Indian and Pacific Ocean, movement of the Inter-Tropical Convergence
Zone (ITCZ), the South Pacific Convergence Zone (SPCZ) and the Western Pacific Warm Pool (WPWP), and the
climatic effects of volcanic eruptions (see reviews of Gagan et al. [2000] and Quinn and Tudhope [2002]). However,
most of the investigations using more than centennial or bicentennial coral records have been conducted in the
regions of the eastern to central Pacific and equatorial to south western Pacific; there are no published long coral
records in the northwestern equatorial Pacific. The WPWP, characterized by having a mean annual SST of > 28°C, is
a major source of water vapor to the atmosphere and has a significant influence on the global climatic system
dynamically linked with ENSO variability. Reliable proxy climate records from corals in the western Pacific may
provide insights into the past oceanographic changes associated with ENSO. Therefore, lying at the northern edge of
the WPWP, Guam (13N, 145°E) should be a significant location for paleoceanographic and paleoclimatic studies
using coral records.

This paper is composed of two main investigations, “Carbon and oxygen isotopic composition of a Guam coral
and their relationships to environmental variables in the western Pacific (chapter 2)” and “Interannual and decadal
variability of the western Pacific sea surface condition for the years 1787-2000: Reconstruction based on stable
isotope record from a Guam coral (chapter 3)”. Chapter 2 documents a detailed analysis of stable isotopic records of
a Guam coral skeleton for the last 20 years (1980-2000) and the resultant significant relationships between isotopic
data and instrumental records of environmental variables. In chapter 3. monthly carbon and oxygen isotope time
series of a Guam coral are analyzed over the full length of the coral core (the years 1787-2000) and significant
thermal and hydrologic changes are reconstructed in the northwestern equatorial Pacific over the last two centuries

based on the quantitative relationships between coral records and environmental variables for the years 1980-2000.

Carbon and oxygen isotopic composition of a Guam coral and their relationships to environmental



variables in the western Pacific

]

This study documents the high-resolution (~32 samples/yr: weekly to monthly resolution) 6”Ce and 07O in
a coral core (Porites lobata) from Double Reef, Guam over the years 1980-2000. The 6" Ceaa shows clear seasonal
variations with mean seasonal amplitude of 1.89%., which roughly corresponds with seasonal variations in solar
radiation. The seasonal amplitude of 6O, variations is small (0.23-0.57%). but they are significantly correlated
with SST and SSS. The 6"0.... and SST are more strongly correlated during ENSO warm (E! Nifio) phases (r = -
0.81, p < 0.01) than during non-ENSO phases (r=-0.65, p < 0.01) and ENSO cool (La Nifia) phases (r=-048, p <

LS

0.01). These different relationships are due to differences in winter SST and in 6" O.m. during ENSO warm phases
(<27°C and higher values of 6"O...) compared with cool phases (>28C and lower values of 60O ua) at Guam.
These differences in oceanic parameters result from movements of the WPWP during the different phases of ENSO.
Anomalies in 6"O.qer, inferred from the 60, and instrumental SST, are consistent with SSS anomalies for the
years 1980-2000. These 6"O.mer anomalies may reflect changes in SSS and evaporation-precipitation due to
movements of the WPWP, This detail analysis of a coral from Guam suggests that it may contain an excellent

archive of past ENSO events.

Interannual and decadal variability of the western Pacific sea surface condition for the years 1787-
2000: Reconstruction based on stable isotope record from a Guam coral

This study presents a monthly resolved, 213-year stable isotope time series (Fig. 1) from a coral from Guam,
which is located on the northern edge of the WPWP. The 60, show seasonal, interannual, and decadal variability,
which documents significant oceanographic changes related to thermal and hydrologic variations around Guam. The
0O,y anomaly reflects SST anomaly and SSS anomaly with significant r values of -0.69 (for the years 1951-2000)
and 0.49 (for the years 1969-1995), respectively, which are strongly linked to oceanographic changes that occur
during ENSO warm and cool phases. 1 identified 46 ENSO warm and 53 cool phases in the coral record, which are
consistent with those phases reconstructed by Nifio 3.4 SST anomaly. Spectral analyses of the 6O, anomaly
record for the years 1790-1999 identified significant peaks around~3 to~7 years. These results indicate that the
Guam coral has recorded global ENSQ periodicity. The 6O anomaly shows decadal variability of ~ 15- to ~45-
year periodicity with significant shift (<0.2%0) from warmer to cooler condition and vice versa, which may
correspond to Pacific Decadal Oscillation (PDQO) and/or the climatic regime shifts. An accumulative decrease in
0" O time series may imply ~0.75C warming of SST and/or~0.23% freshening of seawater 00,

corresponding to a decrease of salinity by ~0.85. in the northwestern equatorial Pacific over the last 2 centuries.
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