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The Climate Change

Natural Variations

Geological Changes e.g. Volcanoes 
El Nino;  La Nina 

Man Made Anthropogenic 

Enhanced Greenhouse Gases (e.g., CO2) 



Clouds, Ice, Snow, 
Deserts and Dust

Reflects
Sunlight
Back to 
Space



Climate Model Computer “Grid”

Similar for Ocean,
Land & Ice Systems



That’s Why We Need 
Super-Computers

JPL Dell Xeon Cluster
cosmos.jpl.nasa.gov



1) Get More Numbers
2) Make Sure it is a Good Number
1) Get More Numbers

10km Grid
Our Excel ~ 100 km

10,000 X More Work 

Longest
Simulations

A Few  Months 



In Summer and/or Daytime
SW radiative effect dominate land 

Competition between SW & LW radiative 
effects



In winter and/or nighttime
LW radiative effect dominate over land



Measurement Strategies: New Opportunities

MLS - a limb sounder - can probe 
the upper troposphere to 

estimate IWC (but not Total IWP)

IWC - mg/m3

IWP - mg/m2
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Passive Techniques such as those 
used in the ceres/modis, isccp, 
modis, and noaa/mw products 

only provide Total IWP estimates -
challenging in multi-layer, mixed 

and thick clouds.  

CloudSat (cloud radar) and 
Calipso (lidar) can probe the 
cloud structure and provide 

estimates of IWC.
Cloudsat also provides IWP.



Aura

CloudSat Aqua
Parasol Calipso

Satellite data such as MLS/CloudSat/CALIPSO provide an opportunity
for validating and constraining models, to identify/improve the
hydrological and dynamical processes

MLS



CloudSat : Cloud Radar!











Reducing Remaining Uncertainties

• Better/More Measurements

• Faster/Better Computers & 
Infrastructure

•Continued Dedication 
& Focus
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