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Towards accurate Tropical Pacific climate projections 

Models pose clear tests for paleoclimate data 

How sensitive 
is ENSO to 
external forcing? 
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SST, hydrology, and coral δ18O in the Line Islands 

Coral δ18O decreases when SST warm (thermodynamics) 
Coral δ18O decreases when rainy (lower seawater δ18O) 
! great for resolving paleo-ENSO extremes 



Palmyra coral δ18O is a sensitive proxy for ENSO 

Cobb et al., 2003 

20th century calibration 



Palmyra 
50 cores U/Th dated 
18 cores undated 

Christmas 
25 cores U/Th dated 
51 cores undated 

Fanning   
17 cores U/Th dated 
19 cores undated 

The Line Islands Coral Collection 

modern cores 
from three 
islands 

splice  
overlapping 
cores in last 
millennium 

many cores 
in mid-Holocene 



Incorporating other Line Islands corals into reconstruction: 
a 16th century example 

-  U/Th dating errors of ±2-4yrs analytical + 0-4yrs 230Th unidirectional correction 

-  Christmas fossil coral δ18O heavier and more variable than Palmyra  
 fossil coral δ18O 



Incorporating other Line Islands corals into reconstruction: 
a 16th century example 

Differences in 
mean coral δ18O 
and std(ENSO) 
for Palmyra and 
Xmas modern corals 

-  Use modern coral δ18O scalings to make 
    Christmas coral into a “Palmyra” coral  



Result yields surprisingly good overlap between fossil corals (both in mean 
and variance); supports “modern-like” configuration of CTP climate 



-  correct for slight offset in mean coral δ18O  
-  R=0.72 in interval of overlap 



-  very well-dated (>30 U/Th dates); near-absolute dating? 
-  large decadal-scale changes in coral δ18O; significant ENSO activity 

New 8-coral splice 



± 0.09%o (1σ) offsets in mean coral δ18O; 
but 6 out of 8 corals agree to within analytical error (±0.06%, 1σ) 
 
 

What about mean coral δ18O? 



raw 

2-7yr 

-  no discernible MCA-LIA differences in mean or variance 
-  strong decadal-scale variability 
-  broad range of ENSO variances (>> 20th century) 
-    late 20th century trend unique 
 
 



A null hypothesis for ENSO variability 

Model NINO3.4:  Wittenberg, 2009 

±50% 

±50% 



Comparison with solar and volcanic forcing 

Schmidt et al., 2011 
Crowley et al., 2008 
Delaygue & Bard, 2010 



Comparison with solar and volcanic forcing:  a closer look 



“Stack” of volcanic eruption years across 8-coral splice 
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Late 20th century trend in coral δ18O may be response to anthropogenic forcing:   
What’s causing it? 



Use coral Sr/Ca to distinguish SST from δ18Osw 
changes over the last century 

Nurhati et al., 2009 



high correlations for interannual (R 5 0.72 for 2–7-yr
bandpassed) and decadal-scale (R 5 0.61 for 8-yr low-
passed) versions of the records.

The Palmyra coral d18OSW record is dominated by
decadal-scale variability and a relatively large freshen-
ing trend over the late twentieth century (Fig. 4c). A
visual comparison of the three coral records plotted in
Fig. 4 reveals that the d18OSW trend is responsible for the
large trend in coral d18O, with warming playing a sec-
ondary role. The marked differences between the coral
Sr/Ca-derived SST and the d18OSW-based salinity proxy
records are striking, implying that low frequency SST
and salinity variations are governed by different dy-
namics. The remainder of this paper investigates the
large-scale climate controls on Palmyra SST and salinity
on interannual, decadal, and secular time scales.

a. Interannual to decadal-scale tropical Pacific
climate variability

1) CORAL Sr/Ca-DERIVED SST VARIABILITY

On interannual (2–7 yr) time scales, the SST proxy
record captures ENSO variability in the central tropical
Pacific, as reflected by significant correlations with the
central tropical Pacific Niño-3.4 SST index [SST anom-
alies averaged over 58N–58S, 1208–1708W (Kaplan et al.
1998)] (R 5 0.71, 1886–1998, Neff 5 32, CI . 95%). High
correlations with SST anomalies in the Niño-3 region
[58N–58S, 908–1508W(Kaplan et al. 1998)] (R 5 0.65,
1886–1998, Neff 5 33, CI . 95%), see Fig. 5a, as well
as high correlations with the ENSO Modoki index of
Ashok et al. (2007) (R 5 0.67, 1886–1998, Neff 5 34,

CI . 95%), see Fig. 5b, reflect the sensitivity of the
Palmyra coral Sr/Ca record to both eastern and central
Pacific ‘‘flavors’’ of ENSO variability, respectively.
These significant correlations reflect the fact that warm
SST anomalies occur in the central tropical Pacific during
both canonical El Niño events as well as El Niño Modoki
events, and vice versa during La Niña cool events.

On decadal time scales, the SST proxy record is highly
correlated to low frequency variability associated with
the CPW, as evidenced by significant correlations be-
tween the 5-yr running-average versions of the SST
proxy record and the ENSO Modoki index (R 5 0.53,
1888–1995, Neff 5 17, CI . 95%), see Fig. 5c. The SST
proxy record is significantly correlated with the 5-yr-
averaged NPGO index (Di Lorenzo et al. 2008) (R 5
20.85, 1952–95, Neff 5 10, CI . 95%), see Fig. 5d,
reflecting strong dynamical linkages between central
tropical Pacific SST and the decadal-scale NPGO, as
uncovered by Di Lorenzo et al. (2010). Over the same
period, the correlation between the SST proxy record
and the ENSO Modoki index is similarly high (R 5 0.76,
1952–95, Neff 5 8, CI . 95%). Statistically significant
correlations between the coral Sr/Ca-derived SST proxy

FIG. 4. Palmyra coral monthly resolved d18O, Sr/Ca-derived SST,
and d18OSW records from 1886 to 1998. (a) Palmyra coral d18O
record (Cobb et al. 2001), (b) Sr/Ca-derived SST (black) plotted
with ERSST (gray; Smith et al. 2008), and (c) d18OSW-based salinity
record.

FIG. 5. Interannual and decadal-scale coral Sr/Ca-derived SST
variability at Palmyra plotted with tropical Pacific instrumental
climate indices: (a) interannual (2–7-yr bandpassed) Sr/Ca-derived
SST anomalies (black) and Niño-3 SST anomalies (gray), (b) in-
terannual (2–7-yr bandpasssed) Sr/Ca-derived SST anomalies
(black) and the 23ENSO Modoki index (gray), and (c) decadal-
scale Sr/Ca-derived SST (black) and 23ENSO Modoki index
(gray) plotted as 5-yr running averages. (b) Decadal-scale Sr/Ca-
derived SST (black) and –NPGO index (gray) plotted as 5-yr
running averages. All correlations are statistically significant at
a 95% confidence level using a Student’s t test and adjusting for
serial autocorrelation.
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Modern coral contains SST trend similar to instrumental record; 
reveals large negative δ18Osw trend ! regional freshening consistent 
with model hydrological responses to CO2 forcing 

Nurhati et al.,  
2011 

lous vapor divergence. Dry and marginal land areas,
where sensitivity to drought is the greatest, are once
again not strongly constrained by his kind of argument.
Figure 9 shows the zonal-mean change in variance V of
monthly mean anomalies in P ! E (local anomalies
from the respective climatological seasonal cycles, with
the zonal averaging performed after computing the lo-
cal variance) and the CC scaling prediction: "V/V #
2$"T. [See Raisanen (2005) for a related analysis of the

CMIP2 models.] The models’ increase in variability is
uniformly smaller than anticipated from CC scaling of
the flux, a result that we are tempted to attribute to the
weakening in the mass exchange discussed in section 4.

6. Poleward energy transport

The increased amplitude of the poleward vapor
transport implies increased amplitude in the meridional

FIG. 7. The annual-mean distribution of "(P ! E) from the ensemble mean of (a) PCMDI
AR4 models and (b) the thermodynamic component predicted from (6) from the SRES A1B
scenario.
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Fig 7 live 4/C

Held & Soden, 2006 



Conclusions 
-  No evidence for significant differences in central tropical Pacific climate 

 from MCA to LIA (although there are many alternate versions 
 of reality) 

 
-  No evidence that central tropical Pacific climate/ENSO is sensitive to 

 solar and volcanic forcing over the last millennium 
 
-  Clear evidence that central tropical Pacific climate is changing in  

response to GHG forcing ! large freshening signal 


