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The Pacific Walker circulation (PWC) can be characterised by 
the equatorial trans-Pacific sea level pressure gradient (ΔSLP)

ΔSLP can be stronger than usual 
(‘La Niña-like conditions’) or 
weaker than usual (‘El Niño-like 
conditions’)

The Pacific Walker circulation: zonal component of 
atmospheric overturning circulation over the Pacific
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Important questions such as ‘what are the characteristics of 
the natural long-term variability of the PWC?’ and ‘how does 
the PWC respond to changes in global temperature?’ are 
still outstanding: observational data and model simulations 
do not always agree. We also don’t know what exactly the 
PWC will do in the future.

The Pacific Walker circulation (PWC) is a 
major atmospheric phenomenon. Changes 
in the strength of the PWC have affected 
global temperature in the past, and also 
influence hydroclimate both within and far 
beyond the tropical Pacific Ocean.  

The Pacific Walker circulation affects global climates, but 
we don’t know how it will change in the future

Lin & Qian (2019) Scientific Reports



In a paper currently in revision for Journal of Climate*, 
we found that the first principal component of variability 
of global precipitation δ18O (red line in panel b; individual 
site loadings on the map in panel a) is strongly correlated 
with changes in the strength of the PWC (black line in 
panel b). For methodological details, please get in 
touch! gfalster@wustl.edu

Recent work from our group showed that the PWC is a 
dominant control on global precipitation δ18O variability

correlation coefficient = 0.74

Given the strong presence of the PWC in 
global precipitation δ18O, we are now 
leveraging that relationship to reconstruct 
PWC variability back through the Last 
Millennium

a.

b.

*Falster et al 2021. Journal of Climate (in revision)



We are also using multiple reconstruction 
methods, including:

- Three different PCA-based methods+

- Composite + scale
- Generalised additive models+

- Boosted regression trees (a machine 
learning method)

- Pairwise comparison+ (W.I.P.)
Some of these methods require that individual 
proxy records are correlated with ΔSLP 
(marked with a +); others do not

We are using a large network of proxy records, to buffer against non-stationary relationships of 
individual records with the target index (ΔSLP). Most of these are from the recently published 
Iso2k database* of proxy records for the stable isotopic composition of meteoric waters

We are taking a multi-method, multi-proxy approach to 
our PWC reconstruction

*Konecky et al. 2020 ESSD. https://essd.copernicus.org/articles/12/2261/2020

All Iso2k proxy records with data extending to at least the year 1990 CE (and with resolution 
better than 15 years per data point), sized according to their duration within the Last 
Millennium.  



The amount of available proxy data decreases back 
through time

To maximise the data we include in 
our reconstructions, we are taking a 
‘nested’ approach i.e. performing 
reconstructions over the intervals:

- 1860-1990 CE
- 1800-1990 CE
- 1600-1990 CE
- 1400-1990 CE
- 1200-1990 CE
- 1000-1990 CE

In each case, using all datasets that 
cover that whole interval

We are also reconstructing ΔSLP at both 
annual and ten-year resolution; in the latter 
case making use of information from 
lower-resolution archives (e.g. lakes)



These are the records that contribute to the annually 
resolved reconstructions (one map per reconstruction interval)

A black line around a point indicates that a record is significantly (p < 0.1) correlated with ΔSLP; a white 
line denotes no significant correlation. 



For several methods, we used different 
subsets of the available proxy data, e.g. only 
records that capture an annual (as opposed 
to seasonal) signal, or only those where the 
primary driver of variability is the isotopic 
composition of precipitation

Reconstructed ΔSLP is generally coherent amongst 
methods, particularly in the last 500 years

These are the correlations between all 
different reconstruction methods—as 
well as with the target index (ΔSLP)—in 
the calibration window (1890-1990 CE).  



These are the correlations between 
different reconstruction methods, for 
the duration of the reconstruction 
(1000-1990 CE).  

Reconstructed ΔSLP is generally coherent amongst 
methods, particularly in the last 500 years

The coloured lines show moving-window 
correlations between all possible pairs of 
reconstructions; black line is the mean 
correlation. 



We still have a lot of sensitivity testing to 
finalise, including:

- The effect of detrending in the 
calibration interval

- The specific index used (e.g. ΔSLP 
versus the SOI as an index of PWC 
strength)

- The length of the calibration window
- Specific records included in the 

reconstruction
- Method of screening records for 

correlation with the target index
- Various other methodological choices

The PWC reconstruction itself is still a work in progress!

We are also determining the best way to 
quantify uncertainties in our reconstruction.

If you are interested in any of this and/or 
would like more details, please send me an 
email at gfalster@wustl.edu
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