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Spring melt in Greenland in 2002 





.  Glaciers have been losing mass (about 226 Gt/yr since 1971) 

.  Ice sheet in Greenland has been losing mass (about 215 Gt/yr  

   since 2002 or 0.6mm/yr of sea level rise) 

.  Ice sheet in the Antarctic has been losing 147 Gt/yr since 2002 

.  Snow cover has been declining in spring and especially in June 

.  Active layer of the permafrost has been warming up while the thickness  

   of seasonally frozen grounds has been decreasing. 

.  Sea ice cover in the Arctic has been declining rapidly 



Sea Ice Concentration     Summer Warmth Index (SWI)       Maximum NDVI 

From 1980 to 2008, NDVI was increasing and highly correlated  

with surface warm index and sea ice concentration 
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 Ice-albedo feedback as driven by the sun is a 
key factor affecting the extent of the sea ice 
cover 

 Length of ice melt and melt rate is influenced 
by the sun 

 The role of the sun, clouds and other factors on 
the rapid decline of the sea ice cover in the 
Arctic needs to be better understood. 
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Ice Albedo Feedback: 
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Sonar Draft vs ATM freeboard 
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8 years 



 Cooling in parts of Antarctica 

 Positive trend in the Antarctic sea 
ice cover 



Surface temperature trend, 1981 to 2012 







Mixing Algorithm: 

IC  =  (TB - T0)/(Ti - T0) 



The 89 GHz channel provides the best 

resolution but also the highest variability 
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IPCC/WG1/AR5 



 Warming in the Climate 
System is Unequivocal 

 Human Influence on the 
climate is evident in most 
regions of the globe. 

 Representative 
Concentration Pathways 
(RCP) 

        RCP2.6 – 421 ppm CO2 

        RCP4.5 – 538 ppm 

        RCP6.0 – 670 ppm 

        RCP8.5 -  936 ppm 

        Similarly for other  

           greenhouse gases. 



 Warming is amplified in the Arctic 

 Multiple observational data in the cryosphere 
provides strong global warming signals 

 The changes in the Arctic sea ice are dramatic and 
may have profound influence on the climate, the 
circulation of the World’s oceans and the ecology 
and environment of the region. 

 Changes in the Antarctic sea ice are surprisingly 
in the opposite direction but other factors 
contribute and further research is needed to 
understand its connection to climate change 

 SORCE data is expected to provide insights into 
the cause of observed changes 





    “The evidence is incontrovertible:  Global 
warming is occurring.  If no mitigating actions 
are taken, significant disruptions in the Earth’s 
physical and ecological systems, social systems, 
security and human health are likely to occur.  
We must reduce emissions of greenhouse gases 
beginning now.” 





Rise in CO2  concentration was 

more rapid than expected.  Vante 

Arrhenius estimated that it would 

take 3000 yrs for a doubling to 

occur. 

 

Concerns about global warming led 

to NASA’s mission to planet Earth 

and the Earth Observation System. 

 

Analysis of NASA data resulted to 

many insights into our changing 

climate including that of the sea ice 

cover. 

Keeling atmospheric CO2 (in ppm) 






