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Objec.ve	:	improve	our	understanding	of	large	scale	modes	of	
climate	variability	in	SH	
	
-	To	enhance	our	understanding	of	AntarcEc,	sub-AntarcEc	and	
Southern	Hemisphere	climate	variability	over	the	past	2000	
years.	
-	Evaluate	the	key	drivers	of	Southern	Hemisphere	climate	
variability	on	regional	to	hemispheric	scales.	
-	Work	towards	a	community	based	mulE-proxy	reconstrucEon	
of	key	modes	of	variability	over	the	past	2000	years	and	how	
they	relate	to	climate	in	AntarcEca,	the	sub-AntarcEc	and	the	
wider	Southern	Hemisphere.	
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Figure 1. (a) Schematic map of the seven Antarctic regions selected for the regional reconstructions. In blue is the East Antarctic Plateau, in
light blue the Wilkes Land Coast, in green the Weddell Sea Coast, in yellow the Antarctic Peninsula, in orange the West Antarctic Ice Sheet,
in red the Victoria Land Coast–Ross Sea and in brown the Dronning Maud Land Coast. The dots show the site locations. The white dots
represent the sites that have been used in the previous continent-scale reconstruction (PAGES 2k Consortium, 2013). (b) Correlation maps
between the regional mean temperature and each grid point using the Nicolas and Bromwich (2014) data set.

perature product over West Antarctica. It covers a longer
time span than reliable atmospheric reanalysis products for
Antarctica (which begin only in 1979 CE) and has a higher
spatial resolution than available isotope-enabled general cir-
culation model (GCM) outputs. This data set is used to es-
timate the spatial representativeness of individual core sites
(Sect. 3.3.2), to scale the normalized isotopic anomaly data
to temperature (Sect. 3.4.2) and to calculate the surface tem-
perature reconstructions with the CPS method (Sect. 3.4.4).

2.3 Modelling framework

In order to use model information on isotope–temperature
relationships in Antarctic precipitation, we use a reference
simulation performed using the general atmospheric circu-
lation model ECHAM5-wiso. The initial ECHAM5 model
(Roeckner et al., 2003) has been equipped with water sta-
ble isotopes (Werner et al., 2011), following earlier work on
ECHAM3 (Hoffmann et al., 1998) and ECHAM4 (Werner
et al., 2001), and accounting for fractionation processes dur-
ing phase changes. This model is used here because re-
cent studies, based on model–data comparisons using ob-
servations of precipitation and surface vapour isotopic com-
position on a global scale and in the Arctic (e.g. Werner
et al., 2011; Steen-Larsen et al., 2017) have shown strong
model skill of ECHAM5-wiso when it is run in high reso-
lution as in this study (T106, with a mean horizontal grid
resolution of approximately 1.1� ⇥ 1.1�). A study of the

2012 atmospheric river event in Greenland has demonstrated
the skill of ECHAM5-wiso to reproduce these events, with
a good representation of the water isotope signature (Bonne
et al., 2014). In Antarctica, model performance was assessed
against a compilation of surface data (Masson-Delmotte
et al., 2008) and recent measurements of vapour and precipi-
tation (Ritter et al., 2016; Dittmann et al., 2016).

Here, we use a 1958–2014 CE simulation in which
ECHAM5-wiso was nudged to atmospheric reanalyses from
ERA-40 (Uppala et al., 2005) and ERA-Interim (Dee et al.,
2011) and run using the same ocean surface boundary con-
ditions (sea surface temperature and sea ice) as in ERA-40
and ERA-Interim. Ocean surface water isotopic values were
set to constant values using a compilation of observational
data (Schmidt et al., 2007). Inter-comparisons of reanalysis
products showed good skills of ERA-Interim for Antarctic
precipitation (Wang et al., 2016), surface temperature, and
vertical profiles of winds and temperatures. However, com-
parisons with in situ observations reveal an underestimate of
precipitation and a slight cold bias in the surface tempera-
tures in some regions (Thomas and Bracegirdle, 2015).

The ECHAM5-wiso simulations produce a large increase,
which is not observed in instrumental or ice core data, in the
temperature and the �18O outputs prior to 1979 (Goursaud
et al., 2017). This arises from a discontinuity in the ERA-
40 reanalyses due to the lack of observations available for
assimilation and boundary conditions prior to the satellite era
(e.g. Antarctic sea ice) (Nicholas and Bromwich, 2014). We
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Climate	reconstruc.ons	:		
-  Blend	low	and	high	resoluEon	
-  Include	sub	antarcEca	
-  Go	towards	reconstrucEng	climate	modes	rather	than	individual	variables	
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