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On the left is a photograph of Muir Glacier (Alaska) taken on August 13, 1941, by glaciologist 

William O. Field; on the right, a photograph taken from the same vantage on August 31, 2004, by 

geologist Bruce F. Molnia of the United States Geological Survey (USGS). 

According to Molnia, between 1941 and 2004 the glacier retreated more than twelve kilometers 

(seven miles) and thinned by more than 800 meters. 



Gravity Satellite Ice Sheet Mass Measurements 

Greenland Ice Sheet Antarctic Ice Sheet  

Source: Velicogna, I. Geophys. Res. Lett., 36, L19503, doi:10.1029/2009GL040222, 2009. 
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Sea Level Rise 

Gauges: Church & White 

Satellite: Cazenave et al. 
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Figure 13: Observed and modeled Arctic sea-ice extent 



Heat storage in upper 2000 meters of ocean during 2003-2008 based on ARGO data. 
 

Knowledge of Earth’s energy imbalance is improving rapidly as ARGO data lengthens.  
 

Data must be averaged over a decade because of El Nino/La Nina and solar variability. 
 

Energy imbalance is smoking gun for human-made increasing greenhouse effect. 
 

Data source: von Schuckmann et al. J. Geophys. Res. 114, C09007, 2009, doi:10.1029/2008JC005237. 





http://www.esrl.noaa.gov/gmd/ccgg/trends/ 

Pre-industrial :  280 ppmv 

1958 April :  315.3 ppmv 

2013 February : 396.8 ppmv 





  

  



Belgian Antarctic Station Princess Elisabeth, Utsteinen Ridge 71 57'S, 23 21'E 



Site de EPICA Dome C 

ICHEC CULTURES, 11 février 2006 



In 2003  : 465 

ppmv CO2eq 

2000-01 : 1.5 

2001-02 : 2.0 

2002-03 : 2.5 

Increase rate 

394 in 2012 

1995-360 



Enregistrements  

marins 

QuickTime™ et un décompresseur
Photo - JPEG sont requis pour visualiser

cette image.

Carottier géant du « Marion 

Dufresne » 

foraminifères 

ICHEC CULTURES, 11 février 2006 

Navire de recherche 

« Marion Dufresne »  

Institut Polaire Français 
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 Quaternary loess-soil sequences in northern China 

N.H. Westerlies 

S5-1: MIS-13 

Photo from Institute of Earth Environment, CAS  



Loulergue et al., 2008; Jouzel et al., 2007; Lisiecki and Raymo, 2005; Guo  and Yin, 2009, Yin, 2013 
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Last Glacial Maximum 21kyr BP 

Today LGM 

T=-5 C 

sea level = –130m 

ice volume = +52 106km3 

CO2 = 200 ppmv 

Pre-industrial CO2 = 280 ppmv 

2000 AD CO2 = 370 ppmv 

(Joussaume, 1993) 



http://www.climate;unibe.ch/gallery_co2.html Ref. : PAGES and  Joussaume,1993 

ATMOSPHERIC  

CO2 CONCENTRATION 

Last Glacial Maximum to Present 



CO2eq deviation from the average of the last 9 interglacials
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Average CO2eq: 266 ppmv 



Fig. 5. Insolation at each interglacial minus the insolation calculated from the orbital parameters 

averaged over the last 9 interglacials  e = 0.0328   obl =  23.82 

0.0196                                  24.15 0.0394                                 24.04 0.0340                                 23.26 

0.0315                                  24.24       0.0193                                  23.78        0.0340                                  23.38 

0.0472                                   24.17       0.0452                                  23.44        0.0262                                 24.00 

Hamburg 

Berger, 1978; Yin and Berger, 2012 



Relative importance of GHG and insolation on the warmth intensity is 

different from one interglacial to another. 

Global annual mean temperature 



  
global 

northern 

Africa 

northern 

Eurasia 

GHG-induced 0.26 0.08 * 0.51 

Insolation-induced 1.03 1.02 0.92 

  
global 

northern 

Africa 

northern 

Eurasia 

eccentricity 0.96 0.98 0.77 

obliquity 0.47 0.41 0.76 

Insolation plays a dominant role on tree fraction, 

leading to the absence of MBE. 



IPCC, 2001 



GLOBAL WARMING PREDICTION   (IPCC, 2007) 

Best estimate 2007 : 1.8 – 4°C 

1.1 

6.4 

GLOBAL WARMING PREDICTION   (IPCC, 2007) 

Best estimate 2007 : 1.8 – 4°C 



Berger et al., Ambio 1997, Science 2002, Surveys in Geophysics, 2003 



Berger, 2002 

Berger and Loutre, 2002 



230 ppmv 

700 ppmv 

(Berger and Loutre, 2002) 



The International Polar Foundation : www.polarfoundation.org 

 

MERCI DE VOTRE ATTENTION 

AGIR MAINTENANT POUR 

LES GÉNÉRATIONS FUTURES 

MAIS RÉFLÉCHIR D'ABORD 


