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Since Mann et al (1998) the use of multi-proxy networks to 
decompose large-scale climate signals has become common. 

BASIC METHOD:  
COMPOSITE-PLUS-SCALE: 

CLIMATE FIELD 
RECONSTRUCTION: 

Transfer Functions- Basic Methodology 



Common assumptions in calibration 
methods 

•  That the network suitably resolves large scale variability.  

•  That some linear combination of individual proxies is statistically 
related to climate modes of variability- or (inverse problem) that 
individual proxy variability is related to some linear combination of 20th 
century  climate modes. 

•  That the structure of covariability between individual proxies during 
the 20th century, and its relationship to climate, is relatively stationary. 

•  That leading spatial modes of 20th century variability have some 
analogue prior to the 20th century. (inverse problem) 



Filtering Proxy Data 
Proxy Climate chronologies are usually standardised by various methods 

• Timeseries such as growth ring segment length typically contain 
both climate and non-climatic information. 

•  Much of the red-noise in proxy data is not associated with climate, 
but rather related to biological processes. 

•  In order to improve the transfer function (statistical model) that 
relates the proxy indicator to climate, proxy data is generally high-
pass filtered and detrended. 



Reconstructing ENSO is not the same as 
reconstructing local climate variables  

Changes in local climate teleconnections (rainfall or temperature) are in 
themselves proxies of larger scale variability.  In terms of reconstructing past 
ENSO this relationship is complicated by: 

1.  ENSO is a coupled atmosphere-ocean climate phenomenon with 
differences in onset, evolution and maturity from event to event.  

2.  There is no truly typical climate response to ENSO forcing.  

3.  Depending on where a proxy record is located, what climate 
forcing it responds to and the phase of ENSO, each event may 
look very different. 

4.  High-pass filtering the proxy data can be expected to affect the 
amplitude and frequency modulation of the resultant 
reconstruction 



A simple approach to resolving an ENSO 
signal 

1.  A network of varied proxies (tree rings, corals and ice cores) should allow for the 
separation of the common climate signal from proxy dependent (non-climate) 
signals, reducing the need for pre-filtering.  

3.  A broad spatial network, distributed across the Pacific Basin, may be expected to  
filter non-ENSO related climate noise in individual proxies. 

5.  If the network is suitably defined, the common signal should therefore be an index 
of ENSO. 

7.  Defining the common ENSO mode of variability from the whole time domain is 
less likely to extract a signal that is unique to the 20th century. 

5.  Calibration and scaling of a proxy-ENSO index to 20th century indices is less 
important than for surface temperature and less important than providing an index 
that is temporally consistent (for comparison of past and present). 



Synthetic Testing. 

•  Considering the whole time domain- the leading EOF is equivalent to a 
multiple regression model 

•  The signal predicted by a multiple regression model constructed from a 
100 year subsection of the 500 year timeseries is less accurate than the 
leading EOF outside of the calibration period. 

•  The EOF analysis is a reasonably precise filter of climate data for an 
appropriately chosen network of proxies. 

•  ‘Uncalibrating’ the common signal is the most conservative method in 
terms of preserving homogeneity throughout the record. 

We conducted Monte Carlo simulations using synthetic data to 
explicitly compare EOF decomposition with direct calibration 
techniques. In particular, we wished to explore how these methods 
compare outside of the transfer function calibration period (which 
cannot be gauged by traditional cross-validation methods). 
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Basin-wide Multi-Proxy Network 

•  The use of a Pacific Basin wide network of proxy indicators helps filter 
regional noise from the ‘typical’ ENSO teleconnection pattern. 

•  Hence large-scale spatial patterns and event magnitudes are easier 
resolved. 
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PROXY ENSO TIMESERIES 

We have created multiple ENSO ‘reconstructions’ based upon various 
basin-wide proxy networks. 

The longest record is from 1525-1999 

The largest networks (11 proxies) spans 1659-1992. 



Correspondence over the instrumental period- correlation- 

We compare our proxy-ENSO to Nov-Apr SOI 

Number 
of 
Months 1 2 3 4 5 6 7 8 9 10 11 12 

Start 
Month 

Apr 0.21 0.30 0.42 0.49 0.52 0.55 0.58 0.62 0.65 0.67 0.68 0.70 
May 0.31 0.45 0.52 0.54 0.57 0.60 0.64 0.66 0.68 0.69 0.71 0.72 
Jun 0.49 0.54 0.55 0.58 0.61 0.65 0.68 0.69 0.70 0.71 0.72 0.72 
Jul 0.52 0.53 0.57 0.60 0.65 0.67 0.69 0.70 0.72 0.73 0.72 0.72 
Aug 0.46 0.54 0.59 0.64 0.67 0.70 0.71 0.72 0.73 0.72 0.72 0.71 
Sep 0.56 0.61 0.66 0.69 0.71 0.72 0.73 0.74 0.73 0.72 0.71 0.69 
Oct 0.57 0.66 0.70 0.72 0.73 0.74 0.74 0.72 0.71 0.69 0.67 0.63 
Nov 0.62 0.69 0.71 0.72 0.72 0.72 0.70 0.68 0.66 0.63 0.60 0.58 
Dec 0.60 0.66 0.68 0.69 0.70 0.67 0.65 0.62 0.58 0.54 0.53 0.53 



Correspondence to SOI over the instrumental period 

1st EOF has a strong linear relationship with instrumental SOI for both 
positive and negative phases of ENSO. 



Correspondence to SOI over the instrumental period 



Correspondence over the instrumental period- IPO 

Low frequency ENSO. Proxy-ENSO indices are shown together with the 
low frequency component of the SOI [each timeseries is filtered using a low 
pass filter using the spectral method described by Power et al (1999)] and 
the negative phase of the IPO.  



Correspondence over the instrumental period- Event Capture 

El Niño (top panel) and La Niña events recorded since 1875 in the SOI, R5 and R8 proxy-
ENSO indices.  

Events are represented as solid dark grey squares.  Events are defined as episodes 
(years) which are less than a single standard deviation (El Niño) or greater than a single 
standard deviation (La Niña) relative to variability from 1875-1982 (SOI), 1525-1982 (R5) 
and 1727-1982 (R8).  

Light grey squares represent weak events that did not reach the threshold in the SOI.  
Smaller black squares represent ‘false positive’ events in the R5 and R8 proxy-ENSO 
indices.  



Past ENSO- amplitude and frequency modulation 

Hovmoller of the 50 (left) 30 (right) year moving (window) power spectrum for R5 for 
1525-1982.  Effective bandwidth after smoothing = 2.66/N cycles/year.  



Past ENSO- amplitude and frequency modulation 

Many of the spectral signals seem to be consistent acrossvarious 
networks (noting that these networks are not independent). 



Summary 

•  On the basis of our results, (correspondence with the instrumental record 
and event capture) the use of a pacific wide network of proxy indicators 
improves upon limited area studies. 

•  The proxy-ENSO index is an alternative measure of ENSO variability 
rather than a reconstruction of instrumental indices. It is extremely similar to 
the SOI, or coupled land-ocean indices. 

•  Spectral analysis of reconstructed ENSO since 1525 shows significant 
variability in spectral power in the 3 to 20 year frequency range on multi-
decadal timescales.  

•  Compared to the pre-instrumental period, the late 19th and early 20th 
century period could potentially show increased high frequency variability 
(~3 years or less) 

•  It is difficult to isolate significant changes during the 20th century.  
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