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Outline

Dire need for accurate satellite observations

NASA’s A-Train constellation

Some examples of atmospheric structure never 

before seen over the Arctic. 

Implications for future ESA missions



The Arctic climate system is…

fragile and undergoing rapid changes in all 

measurable enviro-socio-economic dimensions.

experiencing so-called “Arctic amplification”.

a boiling pot of wide range of feedbacks occurring 

at various spatio-temporal scales. 

known to be highly unpredictable and estimates 

of its future scenarios have higher uncertainties.



So, how much do we know about 

the Arctic atmosphere?

Let’s examine few Essential Climate Variables (ECVs) 

recognized by the Global Climate Observing System 

(GCOS)…



Air temperature

Warming trends in the Arctic are data-set dependent.

Grant et al., Nature, 2008



Total cloud cover

Source: C. Stubenrauch’s presentation from GEWEX CA, 2010
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Cloud properties – cloud top temperature



What do observed differences in satellite data sets 

suggest?

They, most likely, point out different 

sensitivities of instruments and the need for 

harmonization and synergy.

The sensors onboard A-Train constellation are 

proving pivotal in understanding these differences, 

improving climate models and our knowledge on 

the Arctic system in general.





Exploiting A-Train observations for Arctic studies
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EC-Earth and RCAO cloud 
and radiation schemes

A-Train 
cloud, temperature,

humidity climatologies

CM-SAF cloud (and other) 
products

Cloud 
m

icro-
physics 

and vertical 

profiles

Cloud 

to
p 

height, 

fra
cti

on,  

phase
, 

and 

cloud 

typ
e

climate monitoring

Model 
evaluation 

Comparis
ons 

and 

va
lid

atio
n

Model evaluation



An accurate characterization of 

clouds during extreme events

Kay and Gettelman, 2009



Strong warming in the troposphere during summer 2007

Devasthale et al., ACP, 2010



Strong temperature inversions during summer 2007

Devasthale et al., ACP, 2010



CALIOP reveals footprints of tropospheric dynamics 

in ice clouds (NAO+storms+waves)

Devasthale et al., Tellus B, accepted, 2010a



Zonal distribution of liquid phase clouds

Devasthale et al., Tellus B, accepted, 2010a



Pollution transport to the Arctic



Aerosols trapped below strong inversion during winter

Devasthale et al., Tellus B, accepted, 2010b



Relative contribution of different aerosol types

CM – clean marine 

DU – dust 

PC – polluted continental 

CC – clean continental 

PD – polluted dust 

SM – smoke. 



Implications for the future ESA missions 

(esp. EarthCARE)



The A-Train over the Arctic…

provides invaluable experience towards planning, 

engineering and monitoring of research and 

operational missions focusing on the Arctic.

justifies the importance of vertical information in 

the context of EarthCARE. 

is an exemplary demonstration of advantages of 

synergistic analyses.



Combining strengths of different sun-synchronous sensors

Areal coverage

Vertical structure

Climate record

Resolution
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Canada’s PCW mission 

Source: Louis Garand presentation, Montreal, July 2010



Canada’s PCW mission 



Policy needs: Enhancing capacity at the EU 

level for the Arctic monitoring and research

Operational meteorology/Nowcasting

- Operational payloads (Envisat, MetOp, MTG)

- Sentinel family

- contribution to the PCW Mission

Climate research

- EarthCARE

Experience shows that both go hand-in-hand.



Summary

Large discrepancies still exist in the estimates of 

key atmospheric ECVs over the Arctic.

The A-Train has helped (and continues to help) to 

constrain uncertainties in those ECVs and to 

improve historical datasets.

The rationale for synergistic exploitation of 

information from different sensors has become 

convincible…..and ever more so for the region 

like the Arctic.



Thank you for your attention.
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