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Ø Short introduction on Antarctic ice cores and the isotopic 
temperature proxy; 

Ø Previous studies; 
Ø The new PAGES Antarctica 2k data collection and region 

selection; 
Ø Isotopic and temperature reconstructions at regional and 

continental scale: more records and different approaches; 
Ø Comparing the 2013 (PAGES2k Consortium, 2013) and 2017 

reconstruction using the same approach but with an expanded 
database; 

Ø Conclusions/Perspectives 
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Antarctic atmosphere–ocean–
ice changes over 1979-2014 
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Jones et al, Nature Climate Change 2016 

Recent trend not unprecedented 



Antarctic ice cores: from decades to hundreds of millennia 

Gomez ice core (AAP) 
Thomas et al., 2009 

EPICA Dome C ice core. 
Jouzel et al., 2007 

air bubbles	

Different proxies (water stable isotopes, 
aerosol concentrations, CH4 and CO2 in air 
bubbles, dust content etc.) 



Water isotopes and temperature 

Two key challenges to reconstruct past changes in Antarctic temperatures: 
o  To develop methodologies to combine different individual ice core records in order to 

deliver regional-scale climate signals. 

o  To quantify the temperature changes represented by water stable isotope variations. 

Figure from Casado et al,, 2016 



PAGES 2k Consortium, 2013 



Plateau Remote 

Law Dome DSS 

IND 22B 

WDC 

EDML 
JRI 

Talos Dome TD96 

Siple Station 

US-ITASE00-01 

US-ITASE00-05 

Water stable isotope records from 11 ice cores: 
- high resolution; 
- coherent chronology (42 volcanic events). 

-0.18°C/ka (166-1900 CE) 

-0.46°C/ka (166-1900 CE) 

PAGES 2k Consortium, 2013 



Updated data 

Data used in 2013 2k paper 

105	km	

Vostok	

EDC	

Talos	Dome/TALDICE	

VLG	

Siple	St.	

Plateau	Remote	

JRI.	

IND	25/B5	

IND	22/B4	

HN45	

Gomez	

Ferrigno	

DSS	

Dome	F	
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More records 
 

PAGES Antarctica2k 

working group 

Isotopic records  

data collection 

112 records 

SPRESSO	

Bruce	Plateau	

RICE	

400	km	NVFL-1	

NVFL-3	

PV-10	

NUS	08-7	NUS	07-1	



Length of records (years) for the new PAGES Antarctica2k database 

36 records shorter than 50/60y 
50 records cover the past 200y 

15 (9) records cover the last 1000y (2000y) 



Definition of regions based on coherency of temperature variations 

1.  EAST ANTARCTIC PLATEAU  
2.  WILKES LAND COAST  
3.  WEDDEL SEA COAST  
4.  ANTARCTIC PENINSULA  
5.  WEST ANTARCTIC ICE SHEET  
6.  VICTORIA LAND COAST - ROSS SEA  
7.  DRONNING MAUD LAND COAST 



New methodology 1 – un-weighted composites 

Step1: Ice core δ18O database 
Each record assigned to a region; δD values converted into δ18O. 
 
Step 2: Annual average records 
Stepped pseudo-annual records for lower resolution records. 
 
Step 3a: 5y anomaly records 
Convert to anomalies relative to the 1960-1990 reference interval. Minimum data coverage 6 bins 
(30y) since 1800. 79 records meet this requirements. 
 
Step 3b: 10 y anomaly records 
Convert to anomalies relative to the 1900-1990 reference interval. Minimum data coverage 9 bins 
(90y). 67 records meet this requirements. 
 
Step 4: Data reduction  
Average records within a region that are within the same grid 10°lon vs 2°lat (avoid bias from data-
rich regions such as DML). 
 
Step 5a: Simple unweighted composites for each region 
5y binned composite anomalies (δ18O equivalent) for last 200 years and 10y binned composites for 
last 2000 years. 



New methodology 2 – Weighted composites 

Step 5b: weighted composites for each region using normalized data  
 weights based on multiple regression of each site T against the regional T (the sum of the 
 weight is 1). The weights change with time because of the changing number of records 
 (nested method). The Nicholas and Bromwich (2014) T data and the δ18O and T data 
 from the ECHAM5-wiso model have been used. 



δ18O	composite	reconstruc'ons	over	the	last	200	years	using	5y-binned	data		



δ18O	composite	reconstruc'ons	over	the	last	2000	years	using	10y-binned	data		



1)  a temperature scaling based on the δ18O-temperature relationship output from 

an ECHAM5-wiso model simulation nudged to ERA-interim atmospheric 

reanalyses from 1979 to 2013, and adjusted for the West Antarctic Ice Sheet 

region to borehole temperature data;  

2)  a temperature scaling of the isotopic normalized anomalies to the variance of 

the regional reanalysis temperature; 

3)  a composite-plus-scaling approach used in a previous continental scale 

reconstruction of Antarctic temperature since 1 CE but applied to the new 

Antarctic ice core database. 

 Temperature reconstructions at regional and continental scale 



Linear regression analysis (slope with ±1σ uncertainty, correlation coefficient r, and p-value) of the 
simulated δ18O-temperature relationships extracted from the ECHAM5-wiso model for each climatic 
region, as well as the broad East Antarctic, West Antarctic and whole Antarctic regions. 

Geographic region slope (°C/‰) slope (‰/°C) r p-value 
1. East Antarctic Plateau 0.95 ± 0.05 1.05 ± 0.06 0.62 0.0001 
2. Wilkes Land Coast 1.91 ± 0.11 0.52 ± 0.03 0.44 0.0084 
3. Weddell Sea Coast 1.01 ± 0.06 0.99 ± 0.06 0.34 0.0449 
4. Antarctic Peninsula 2.50 ± 0.15 0.40 ± 0.02 0.31 0.0658 
5. West Antarctic Ice Sheet 1.04 ± 0.06 0.96 ± 0.05 0.59 0.0002 
6. Victoria Land Coast 0.83 ± 0.05 1.21 ± 0.07 0.49 0.0027 
7. Dronning Maud Land Coast 1.08 ± 0.06 0.93 ± 0.05 0.39 0.0217 
West Antarctica 1.03 ± 0.06 0.97 ± 0.05 0.62 0.0001 
East Antarctica 1.00 ± 0.05 1.00 ± 0.05 0.58 0.0002 
All Antarctica 1.02 ± 0.06 0.98 ± 0.05 0.56 0.0004 

 

Scaling using ECHAMwiso regional δ18O-T relationships	



Regional temperature (T anomalies in °C, referenced to the 1960-1990 CE 
interval) reconstructions using 5y-binned data for the past 200y 	



Regional temperature (T anomalies in °C, referenced to the 1900-1990 CE 
period) reconstructions using 10y data for the past 2000y	



Applying the method published in 2013 to the new database 

Method	details:	
1.  Calibra*on	 period:	

1961-1991	
2.  proxies	 correlated	

with	 instrumental	
target	 T	 data	 over	
calibra*on	period		

3.  R e c o r d s 	 a r e	
normalized	

4.  Weighted	 mean	 of	
records	 based	 on	
the	 s t rength	 o f	
posi*ve	corr.	with	T	

5.  Scale	 the	 composite	
to	 the	 mean	 and	
standard	 devia*on	
over	the	1961-1991.		

The target T dataset used in this new reconstruction is from Nicolas & Bromwich (2014). 



Temperature reconstructions for East, West and whole Antarctica using 10y 
averages and the different temperature scaling approaches	



100y trends on normalized, weighted composites over the last 2000 years 
	

Only	for	the	Antarc*c	Peninsula	does	the	most	recent	100-year	trend	stand	out	as	unusual	
compared	to	the	natural	range	of	century-scale	trends	over	the	last	2000	years	





Conclusions 1/2  
q We showed here isotopic and temperature composite records at regional and 

continental scale from the PAGES Antarctica2k working group. 

q Enlarged database. 

q Selection of 7 climatic regions.  

q Different reconstruction methodologies: - Simple average un-weighted and 

weighted composites.  
q We use 3 methods for T reconstructions. ECHAM and NB2014 use two 

independent datasets for scaling the δ18O signal to temperature, and the 
difference between them is a measure of the uncertainty in the temperature 
reconstruction. 

1.  Scaling using ECHAM model-based regional δ18O-Temperature relationships and adjusted for 
the WAIS region to borehole temperature data;  

2.  A temperature scaling of the isotopic normalized anomalies to the variance of NB2014 
reanalysis temperature; 

3.  A composite-plus-scaling approach used in a previous reconstruction of Antarctic temperature 
but applied to the new Antarctic ice core database. 



Conclusions 2/2  

q A significant cooling trend from 0 to 1900 CE across all Antarctic regions 

where records extend back into the 1st millennium. 

q Since 1900 CE significant warming trends are identified for the West 

Antarctic Ice Sheet, the Dronning Maud Land coast and the Antarctic 

Peninsula regions. 

q Only for the Antarctic Peninsula is this most recent century-scale trend 

unusual in the context of natural variability over the last 2000-years. 

q The first long-term quantification of regional climate in Antarctica 

presented herein is a basis for data-model comparison and assessments of 

past, present and future driving factors of Antarctic climate. 



Perspectives 1/2 



Perspectives 2/2 

Link: http://pastglobalchanges.org/ini/wg/2k-network/projects/clivash 



 
 

Thanks for your attention! 
 

For questions: barbara.stenni@unive.it 
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Thank you for attending this CMCC webinar. 

This webinar was recorded and will be uploaded to the 
CMCC website: www.cmcc.it

If you have any further question about the webinar, 
please email: webinar@cmcc.it 


