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A controversial insight into Southwest Pacific mid-
Holocene seasonality: from corals to models
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“Seasonal amplitude was higher in the Southwest Pacific during the mid-Holocene,” say the corals. “It was not,” 
reply the models. “More work is needed,” agree the researchers…

In the Southwest (SW) Pacific, the sea-
sonal changes in seawater surface char-

acteristics, such as temperature (SST) and 
salinity (SSS), are governed mainly by 
the position and intensity of the South 
Pacific Convergence Zone (SPCZ) and by 
the occurrences of El Niño and La Niña 
events. The SPCZ is a southeast narrow 
cloudy belt that influences the wind 
and rain conditions from Papua New 
Guinea to French Polynesia (Trenberth 
1976). During the austral summer, the 
SPCZ moves southwest whereas dur-
ing the austral winter it moves north. 
Consequently, waters in the SW Pacific 
are generally warmer and less saline dur-
ing the austral summer, and colder and 
saltier in winter. At the interannual time 
scale, the main changes in SST and SSS in 
the SW Pacific relate to El Niño-Southern 
Oscillation (ENSO) dynamics, with a peri-
odicity of ca. 2-7 years (Trenberth 1976). 
During an El Niño event, warm waters 
of the equatorial West Pacific (the Warm 
Pool) and connected precipitation mi-
grate toward the central and eastern 
Pacific. Consequently, the SW Pacific SST 
decreases slightly while precipitation de-
creases strongly, leading to higher SSS 
(e.g. Delcroix 1998). The opposite occurs 
during La Niña events. Therefore, knowl-
edge of past water characteristics at a 
seasonal resolution has the potential to 
provide information on the position and 
intensity of the SPCZ as well as on the oc-
currence of ENSO events. Mid-Holocene 
(6 ka BP) hydrographic proxy data from 
the SW Pacific are rare. However, this is a 
key period, characterized by a change in 
ENSO amplitude that is unfortunately not 
yet entirely understood.

Corals and numerical models: 
tools to look back in time
Past seasonal data on SST and SSS can be 
obtained from archives such as massive 
coral skeletons. The aragonitic skeleton 
of coral is secreted by polyps over several 
decades or centuries, at a rate of around 

1 cm year-1 for massive forms. The chemi-
cal composition of skeletal aragonite re-
flects the properties of the water in which 
the coral has lived. In tropical areas, stud-
ies focus on the massive Porites sp. cor-
als. The Strontium/Calcium (Sr/Ca) ratio 
(Corrège 2006) is a robust proxy for SST in 
these corals. The stable oxygen isotopic 
ratio (δ18O) is used, combined with Sr/Ca, 
to reconstruct the isotopic composition 
of surface seawater (δ18Osw), which is in 
turn closely related to SSS (via the evapo-
ration vs. precipitation budget).

Climate models, based on current 
knowledge of the various compartments 
of the Earth system, help understand 
modern climate variability and predict 
future changes. Climate models with ex-
ternal forcings different to current ones 

(e.g. different orbital forcings, ice sheets, 
greenhouse gas concentrations) can be 
used to simulate past climatic changes. 
Many model simulations exist for the 
mid-Holocene (e.g. 19 in the Paleoclimate 
Modelling Intercomparison Project 
[PMIP2] database; http://pmip2.lsce.ipsl.
fr/; Braconnot et al. 2007). Their main 
forcing is a millennial-scale change in 
the seasonality of insolation. For the SW 
Pacific region, the insolation for January 
to March was lower than at present while 
it was higher for August to October.

To gain an insight into SW Pacific 
mid-Holocene mean climate at sea-
sonal resolution and hence into ENSO 
characteristics, we studied corals from 
New Caledonia and Vanuatu which have 
been dated to 5.5 ka BP and 6.7-6.5 ka 

Figure 1: Comparison between coral (blue) and model run (orange) results in terms of sea surface temperature (SST; 
°C) characteristics in the New Caledonia region for the present (light colors) and the mid-Holocene (dark colors) 
situations. A) Monthly coral time series from New Caledonia, at present (light blue, Stephans et al. 2004; Stephans 
et al. 2005) and from a coral fossil from the mid-Holocene (5.5 ka BP, dark blue; Lazareth et al. 2013). B) Monthly 
time series from the CCSM PMIP2-models for the New Caledonia region (160-164°E 20-24°S), at present (light 
orange) and at the mid-Holocene (6 ka BP; dark orange; Otto-Bliesner et al. 2006). C, D) Monthly SST histograms 
and calculated seasonal amplitude.
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BP respectively. A ~1 cm-thick slab, cut 
along the axis of maximum growth of 
the coral colonies, was X-rayed to reveal 
the annual growth bands. To ensure the 
skeleton was well preserved, pieces were 
collected and analyzed for their mineral-
ogy using X-ray diffraction, and for their 
microstructure using scanning electronic 
microscopy. If the skeleton preserva-
tion was found to be satisfactory, the 
slab was continuously sampled at 1-mm 
steps, providing on average one sample 
per month of coral growth. The samples 
were then dissolved and analyzed to de-
termine their chemical composition. The 
New Caledonia coral was too short (~20 
years) to investigate ENSO dynamics and 
as the δ18O proved to be partly altered, 
only the SST reconstructed with Sr/Ca will 
be discussed here.

The 6 ka BP PMIP2 model simulations 
show a cooling of the tropical Pacific SST 
(Zheng et al. 2008) and a decrease in sea-
sonal SST amplitude (south of 10°S and 
between 160-260°E for the South Pacific) 
related to the insolation change. The re-
sults obtained on the New Caledonia 
coral were compared with the six simula-
tions for which monthly data were avail-
able and which correctly reproduced the 
current SST cycle in the New Caledonia 
region on four 2° by 2° grid points (164-
168°E, 20-24°S). 

The SPCZ at 6 ka BP: Where was 
it located?
In the New Caledonia lagoon, the mid-
Holocene SST seasonal amplitude as seen 

by the corals was higher than nowadays 
(Fig. 1a). This difference is mainly due 
to colder mid-Holocene winters. In the 
New Caledonia region, the histogram 
of both the modern and mid-Holocene 
coral-reconstructed SST monthly values 
(Fig. 1c), and the 0 ka BP model outputs 
(Fig. 1d) show two modes, correspond-
ing to the positions of the SPCZ in win-
ter (July-August-September, JAS) and in 
summer (December-January-February, 
DJF). In the 6 ka BP coral results however, 
colder temperatures prevail in the winter 
mode, with a wider distribution. We in-
terpret this as reflecting a more variable 
position and/or a weakening of the SPCZ 
during mid-Holocene winters. None of 
the PMIP2 models for the New Caledonia 
region reproduce an increase in seasonal 
SST amplitude in the mid-Holocene and 
the bi-modality is maintained (Fig. 1d). 
The models generally follow the insola-
tion change: a warmer winter and a cold-
er summer, leading to reduced seasonal-
ity (Fig. 1b). 

For the Vanuatu corals, Sr/Ca and 
δ18O were measured as proxies for SST 
and SSS, respectively, and data from the 
longest colony were used to highlight 
ENSO characteristics during the early 
mid-Holocene. The precipitation regime 
in Vanuatu at 6.7-6.5 ka BP was differ-
ent from the current one. Fossil corals 
indicate peaking SSS in summer (DJF) 
whereas low SSS would have been ex-
pected from the reduced summer insola-
tion at that time. Indeed, summer today 
is accompanied by strong precipitation 

brought by the southward displacement 
of the SPCZ. The reconstructed high 
mid-Holocene SSS suggests that in the 
SW Pacific at 6.7-6.5 ka BP the SPCZ was 
located further north than nowadays 
(Duprey et al. 2012). At that time, ENSO 
variability was reduced by 20-30% com-
pared to the modern ENSO. It remains 
uncertain, however, whether the reduced 
ENSO variability reflects a real trend in 
ENSO dynamics or if it resulted from a 
weaker coupling between the precipita-
tion regime and the SPCZ.

Are proxy data and models 
compatible for 6 ka BP?
While coral records suggest a reduced 
SPCZ influence in the SW Pacific, possibly 
from 6.7-6.5 to 5.5 ka BP, the PMIP2 model 
maps of precipitation reveal only a small 
shift of the SPCZ towards the northeast 
and a decrease in associated precipita-
tion during the winter months (Fig. 2b). 
These small changes, although in the 
right direction, are, however, not suffi-
cient to simulate an increase in the SST 
seasonality in the SW Pacific region at 6 
ka BP. 

The modeled insolation-driven 
hemispheric change in seasonality is not 
reflected in the SW Pacific proxy data. 
This suggests the models have difficulty 
in reproducing mid-Holocene changes in 
coupled ocean-atmosphere circulation in 
this region. This could be due to known 
model biases in representing the current, 
and thus also the 6 ka BP, SPCZ, and to 
the models’ large grid size to which the 
SPCZ seasonal displacement is sensitive. 
On the other hand, corals are shallow wa-
ter organisms and the SST and SSS they 
record may not be valid for open oceans. 
Clearly, more data and new model runs 
are needed to understand the amplitude 
and geographical pattern of western 
Pacific mid-Holocene changes.
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Figure 2: Multi-model mean maps for the winter season (July-August-September, JAS). Six PMIP2 simulations 
having similar resolution and reproducing correctly the mean seasonal cycle in the New Caledonia region have 
been used. The arrow points to New Caledonia. A) SST multi-model maps at 0 ka (left) and difference (6 ka – 0 ka; 
right). B) Multi-model mean precipitation field at 0 ka (left) and 6 ka (right). Modified from Lazareth et al. (2013).


