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Earth System Analysis and 100 Day Prediction 
 
 A proposal to use all available geophysical 
data, satellite and in situ, to continuously 
diagnose the full Earth system . . . 
 
  This system is needed for: 
 
• Improved weather prediction. 

 
• Observational constraints on climate forcers 

(e.g. aerosols, ice-albedo etc.) 
 

• Required for 21st century emergencies. 
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Predicted Observed 
Using NEIS Visualization Software 

ESRL FIM model prediction compared to actual satellite data over many days. 






 CMORPH obs 3hr precip                   10m wndspd (m/s)  

model 3hr precip (mm/3hr)                850 mb voriticity (x10**-4 / s)  

NIM:  ESRL/GSD global non-hydrostatic model at 3 km resolution 
                           Hurricane Sandy prediction – 72 hours 

5 



Chemistry: 
 

  There are 
several 
hundred 
atmospheric 
constituents 
that need to be 
tracked. 

Black carbon (blue) and sulfates (green). 6 



ESRL/GSD  
iHYCOM 
 
 
 Global 
ocean 
model 
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Biology: 
 
The most 
complex 
part of the 
Earth 
System. 
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Initial Value Based Prediction is DATA DOMINATED: 
• Use every instrument on every available satellite. 
• Use all of the in situ data. 
• Use advanced assimilation for all fields. 
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Use every 
sensor, 
 
On every 
satellite, 
 
And develop 
forward models 
for  
 
Appropriate 
geophysical 
variables. 
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Satellite and in situ observations are like gasoline and oil for an 
engine:  YOU ALWAYS NEED BOTH. (ESRL/GMD Carbon network.) 11 



             Advanced geophysical assimilation  
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                      NOAA Earth System Analyzer 
                            Components 
 
 

1. Multiple dynamics and physics 
assimilation for the major system 
components (air, ocean, land surface et.). 

2. Continuous real time analysis. 

3.  Modeling frameworks. 
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                      Earth System Analyzer 
 
“ A framework to continuously analyze the entire 
Earth system.” 
 
Physical Earth:  100 vertical levels, 3 km resolution, 
every hour, 100 variables. 
 
Chemical Earth:  100 vertical levels, 3 km resolution, 
every hour, 100 variables. 
 
Biological Earth:  3 km resolution, daily, 10,000 
variables. 
 
Data Volume:  10 terabytes per day 
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Ben Santer: 
"The recent slow-down in observed 
surface and tropospheric warming is a 
fascinating detective story," Santer 
said. "There is not a single culprit, as 
some scientists have claimed. Multiple 
factors are implicated. One is the 
temporary cooling effect of internal 
climate noise. Other factors are the 
external cooling influences of 21st 
century volcanic activity, an unusually 
low and long minimum in the last solar 
cycle, and an uptick in Chinese 
emissions of sulfur dioxide. 
"The real scientific challenge is to 
obtain hard quantitative estimates of 
the contributions of each of these 
factors to the slow-down.“   

Integrated , holistic observation based Earth system analysis : 
the only way to sort out the component contributions. 
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Current Surface Network 

Atmospheric State 
(Concentration and Emissions)  

Satellites, TCCON 
(Column Data) 

Earth 
Networks 
(Planned) 

CarbonTracker-CH4 

Remotely Sensed 
Ecological Data 

ESRL Pilot Project: Methane 
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A volcano could kill a billion people if we were not ready to act with good information. 

Volcano Explosive Index 
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