
Envisioning a Future of Computational 
Geoscience in a Data Rich Semantic World

Praveen Kumara, Mostafa M. Elaga, Peishi Jianga, Luigi Marinia, Scott D. Peckhamb

Leslie Hsuc, and Kim Millerc

aUniversity of Illinois at Urbana-Champaign
bUniversity of Colorado Boulder
cColumbia University

January 16 IN51C-02 http://www.hydrocomplexity.net



Data Complexity

Da
ta

 V
ol

um
e

Complexity of Data: Synthesis and Reuse 

Citizens

Single 
Researcher

Research 
Teams

Laboratory

Research 
Centers

Research 
Agencies

January 16 IN51C-02 http://www.hydrocomplexity.net



Data Complexity

Da
ta

 V
ol

um
e

Complexity of Data: Synthesis and Reuse 

Collection
• Methods, instruments,…

Domains
• Physical, biological, chemical, remote sensing, …

Metadata
• Need I say more?

Storage - Isolated, unorganized, distributed, 
networked, heterogeneous, …

Usage
•Analyses, modeling, …

Life cycle - Use and hide, use and lose, use and share, 
use-share-reuse, use-share-archive-reuse, use-share-
archive-enhance-reuse,…

Citizens

Single 
Researcher

Research 
TeamsLaboratory

Research 
Centers

Research 
Agencies

January 16 IN51C-02 http://www.hydrocomplexity.net



Model Complexity

M
od

el
 S

ize
Complexity of Models: Interoperability and Coupling 

Hobbyist

Single 
Researcher

Research 
TeamsLaboratory

Research 
Centers

Research 
Agencies

Programming Languages

Variable names

Units & Time steps

Spatial Resolution

Reference/Coordinate Systems

Scientific Conventions Dependent on Science 
Domain

Modeling 
frameworks 

Standalone 
Models 

Model-as-a-
Service (MaaS)

Modules and 
Libraries 

January 16 IN51C-02 http://www.hydrocomplexity.net



Collection
• Methods, instruments,…

Domains
• Physical, biological, chemical, remote 

sensing, …

Metadata
• Need I say more?

Storage - Isolated, unorganized, 
distributed, networked, heterogeneous, 
…

Usage
•Analyses, modeling, …

Life cycle - Use and hide, use and lose, use and 
share, use-share-reuse, use-share-archive-reuse, 
use-share-archive-enhance-reuse,…

Programming Languages

Variable names

Units & Time steps

Spatial Resolution

Reference/Coordinate Systems

Scientific Conventions Dependent on 
Science Domain

D
at

a

M
od

el
s

L0: None

L1: Technical

L2: Syntactic

L3: Semantic

L4: Pragmatic

L5: Dynamics

L6: Conceptual

L7: Automatic

Data-Model Interoperability 

adapted from Wang, et al., 2009 

January 16 IN51C-02 http://www.hydrocomplexity.net



Collection
• Methods, instruments,…

Domains
• Physical, biological, chemical, remote 

sensing, …

Metadata
• Need I say more?

Storage - Isolated, unorganized, 
distributed, networked, heterogeneous, …

Usage
•Analyses, modeling, …

Life cycle - Use and hide, use and lose, use and 
share, use-share-reuse, use-share-archive-reuse, 
use-share-archive-enhance-reuse,…

Programming Languages

Variable names

Units & Time steps

Spatial Resolution

Reference/Coordinate Systems

Scientific Conventions Dependent on Science 
Domain

D
at

a

M
od

el
s

Geo-
Semantic

Framework

Human-out-of-the-loop
Integration

• Data & Models
• Model & Model

Model 
A

Model 
B

Model Z

Data-Model Semantic Integration

January 16 IN51C-02 http://www.hydrocomplexity.net



Current 

Current 

Se
m

an
tic

 W
eb

OTHERS

Protocols

Model-as-a-
Service (MaaS)

Semantically 
Enabled Models
[Integration of 
Unstructured 

Models]

OTHERS

Data-Model Semantic Integration

January 16 IN51C-02 http://www.hydrocomplexity.net

Tools

Ontologies

Unique IDs

Relationships

Languages 



Current 

Current 

Se
m

an
tic

 W
eb

OTHERS

Protocols

Model-as-a-
Service (MaaS)

Semantically 
Enabled Models
[Integration of 
Unstructured 

Models]

OTHERS

Data-Model Semantic Integration

January 16 IN51C-02 http://www.hydrocomplexity.net

Tools

Ontologies

Unique IDs

Relationships

Languages 

Enabled 
by

GeoSemantic
Framework



GeoSemantic Framework Architecture 
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GeoSemantic framework bridges the gap between Semantic
Web standards and resources life cycle by lowering the
technology barrier for incorporating semantic in their life cycle.
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 It uses Micro-service architecture, where each 
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information entry point for the framework. It 
ingests standards and can annotate them back.

 Semantic MediaWiki is used to create semantic 
relationships among SN.
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Clients: IML-CZO data and Serviced BMI models

 SEAD is a client for the 
framework.

Semantic enrichment of IML-CZO data
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Clients: IML-CZO data and Serviced BMI models

 BMI-enabled models are exposed as web 
services

 EMELI 1.0 (Experimental Modeling 
Environment for Linking and Interoperability) 
is promoted to EMELI 2.0 to serve Web 
serviced models.

 A unique UUID is assigned to each model
execution task

Serviced BMI models 
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Integration between IML-CZO data and Serviced BMI models

Goose creek watershed, IML-CZO

Serviced Topoflow components

Geosemantic
framework

RAS

Resources Alignment between IML-
CZO data and BMI models

January 16 IN51C-02 http://www.hydrocomplexity.net



Summary and Future work 

 GeoSemantic framework lowers the barrier for incorporating semantics in resource life cycle by:
1. Ingesting standards and ontologies.

2. Creating  Standard Names semantic wiki for linking Controlled Vocabularies.

3. Providing SAS for semantic enrichment of resources.

4. Developing RAS to ensure semantic consistency between coupled resources. 

 Future work will concentrate on:
1. Adapting more standards and endpoints to satisfy different geoscience communities.

2. Converting EMELI to be a web service.

3. Creating MicroData templates to incorporate semantic annotation directly in HTML.

4. Developing micro-services to annotate simulation models.
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Project URLs

 We invite input and feedback from the Geoscience community at:

1. EarthCube: http://workspace.earthcube.org/geo-semantic

2. Confluence: https://opensource.ncsa.illinois.edu/confluence/display/ECGS/GeoSemantic

 We encourage developers to contribute to the framework source code at

https://opensource.ncsa.illinois.edu/stash/projects/ECGS

 Geosemantic Wiki of Standard Names is available at 
http://ecgs.ncsa.illinois.edu/mediawiki/index.php/Main
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