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•  Improve the ability of scientists to discover new surface 
deformation phenomena 

•  Develop enhanced environments to enable computer-aided 
discovery and analysis for diverse scientific datasets 

•  Allow cross-comparison of multiple datasets 
•  Demonstrate the value of this approach in 3 scenarios: 

•  Volcanology Case Study 
•  Groundwater Case Study 
•  Study on interaction of standing atmospheric waves with 

Sierra Nevada topography distorting GPS locations (Lee 
Waves) 

TRLin = 2 TRLout = 4 

•  Developed a cloud-based platform for analysis that facilitates new scientific discoveries with the aid of high-performance parallel 
computing and NASA data; approach led to several discoveries in volcanology (previously undiscovered inflation events)  

•  Tested and refined platform tools in Jupyter/Python around volcanic, groundwater, atmospheric data sets; created Jupyter extension for 
transparent cloud offloading of data processing pipelines (e.g., Amazon Cloud)  

•  Explored related applications of technology for additional disciplines - lunar and planetary science (e.g., Moon/Mars landing site selection) 
•  Developed components for Principal Component Analysis (PCA), neural networks/deep learning of patterns in MODIS, data fusion of GPS 

+ MODIS.  
•  Authored publications on all objective case studies, and developed workflow warehouse for processing code reuse (Open-source code 

available through MIT and github) 
 

Concept of Operations for Discovery and Analysis 

 
 

 
Figure 9. The Computer-Aided Discovery Approach  

 
Synoptic Model. To automate the search, we introduce a Synoptic Model that describes 

a set of models by capturing their commonalities and distinct parts. Technically this is a 
metamodel that describes which specific components are allowed to go into a specific variant. 
For instance, the model sketched in Figure 9 (middle) requires a particular variant to include both 
submodels 1 and 2, but submodel 2 can only be A1 or A2; further implementation details will be 
discussed in Section 2.4.  

The Synoptic Model is similar to feature models developed by software engineering and 
generative programming communities for software product lines and tunable software 
architectures [Czarnecki00, Oberweis07, Schaefer10] in that it constrains the space of 
scientifically valid models and expresses “reusable” common parts that are part of all model 
instances. As a comparison, car manufacturers are using the feature model paradigm to define 
common platforms for a set of car models that might share the same type of chassis and electric 
cabling, but differ in other features like engines or radios. By planning the diversity which car 
models can be produced and which not, improvements in integration, reuse, and maintenance 
can be achieved. We will leverage these empirically demonstrated advantages [Clements01] 
for NASA’s Earth Science workflows.  

The Synoptic Model also enables the use machine learning / auto-tuning to perturb 
choices within defined ranges and prune the search space during the empirical evaluation 
of different model variants. For example, a sensitivity analysis can leverage a recorded history 
of hypothesis tests to evaluate if the variation of certain parameters has led to what humans 
would consider interesting discoveries (by having the system ask questions to the experimenter). 
That would enable the system to increase the search resolution in specific regions of the search 
space or abandon certain branches in the Synoptic Model altogether. Furthermore, humans can 
be presented with individual images or an image mosaic of intermediate findings (e.g., clustered 
by similarity) and asked for a preference such as “find me more like...”. Search space pruning 
problems like these have been discussed in the auto-tuning community, and we will leverage our 
prior work in this area [Schaefer10, Zwinkau12, Pankratius11b, Pankratius11c]. 
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