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Topics: 

Depth vs. Breadth 
Knowledge vs. Skill 

One vs. Many 
Diversity 

 



Complexity of Models 

Who knows all this stuff? 



A Simple Microphysics Scheme 



Model Errors 

• The problem with models is that they are nearly as 
complicated as the real atmosphere (earth system) but 
models may be totally wrong. 

• Figuring out the source of errors 
– Reductionist approach: reproduce the essence of the error in a simple 

framework (Sherlock Holmes) 
– Expansionist approach: collect truckloads of data to improve signal to 

noise and increase the “obviousness factor” (EarthCube) 

• Assertion: Graduates (Ph. D.s) often lack the skills to get at the 
root of model errors. 
 



Simple Approach to Model Diagnostics 

1. The cumulus parameterization is always wrong 
2. If you think the cumulus parameterization is not the problem, see above 
3. If you are not running a cumulus scheme, substitute “microphysics”; goto 1 



Knowledge vs. Skill 

• Workforce must: 
– Have an “investigative intuition” about how to 

interrogate a model and find its weakness. 
– Requires advanced knowledge of a range of 

physical processes and numerical treatments. 
– Not the same as computer science skills needed to 

run models. 
– Does Ph. D. emphasize model investigation 

enough? EarthCube should enable this. 



Data Assimilation 

• Highly technical field; difficult to find people with knowledge 
of both modeling and data assimilation 

• Need to attract talent from other fields; meteorologists want 
to do meteorology 

• Combined with complex models, signifies the need for a 
“team” approach; how does the Ph. D. student fit into this? 



One “versus” Many 

• The unit of science recognition is “one” 
– Ph. D. 
– Tenure/promotion 
– Professional societies shun team awards 

• The practical implementation takes “many” 
• Early-career atmospheric scientists are generally 

not used to working in teams 
• How can we maintain individual satisfaction in 

the reality of an increasingly team-oriented 
enterprise? Can EarthCube help? 



Depth vs. (and?) Breadth 

• Modeling and data assimilation each require 
exceptional knowledge base: breadth 

• Ph. D. usually requires deep knowledge of a 
small subset: depth 

• How can we ensure these are 
complementary? 

• Apprentice or scholar? 



Software Engineering Expertise 
• Crucial for any large problem 
• Fixed or reduced budgets: tradeoffs in hiring 
• University departments (often) have minimal access to 

expertise 
• Labs: difficulty of attracting talent away from private sector 
• How much does a physical scientist need to know? 
• What do we do with all this Fortran? 

 

 



Tapping a Diverse Population 



Tapping a Diverse Population 
Change 2000-

2010 

Growth in Fed science < 20% 



Summary 

• Increasingly complex modeling systems 
– Require vastly more broad knowledge 
– Potentially limit deep understanding 
– This is where EarthCube can and should help 

• Team approach 
– Analogy with particle physics? 
– Individual goals versus large-problem realities 

• Diversity: some gains; many shortcomings 
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