
How Environmental Informatics is 
Preparing Us for the Big Data Era 

MURPA Seminar 
University of Queensland 

October 25, 2013 
 Peter Fox; pfox@cs.rpi.edu, @taswegian –  

Tetherless World Constellation 
Rensselaer Polytechnic Institute 

*also Woods Hole Oceanographic Institution 

Presenter
Presentation Notes
Among the consequences of new and diversifying means of complex (**) data generation is that many branches of science have become data-intensive (so-called fourth paradigm) and thus necessarily involve data scientists. However, for continued scientific discovery, the need for any researcher to be able to explore relations among results of data analyses and informational queries remains. Unfortunately, discovery over complex data remains more of an art form than an easily conducted practice. Using climate science and climate assessments as an example, we discuss how the extra effort that was previously needed to make data, findable, accessible, and understandable is beginning to replaced with more routine and widely available capabilities. As a result, discussions of "climate knowledge discovery" are emerging.  A logical consequence of this shift in the mode of research, i.e. toward data scientists, is that additional and different education is required to become effective and routine users of such new informatics capabilities. One goal is to achieve the same fluency with data that researchers may have in lab techniques, instrument utilization, model development and use, etc. Thus, requisite curriculum and skill requirements for data scientists will be presented and discussed.** complex/ intensive = large volume, multi-scale, multi-modal, multi-dimensional, multi-disciplinary, and heterogeneous structure.

mailto:pfox@cs.rpi.edu


RPI Tetherless World Constellation 
tw.rpi.edu  

Lots of RDF 
Web Infrastructure 

Scaling and Distributed 
Query and Reasoning 

AI, Rule reasoning 
Visualizing SW ‘data’ 

Social SW, SMWiki 
Policy Lang 

Ontologies/Tools, … 

Future Web 
•Web Science 

•Policy 
•Social 

Xinformatics 
•Data Science 
•Semantic eScience 
•Data Frameworks  

Semantic Foundations 
•Knowledge Provenance 

•Inference, Trust 

Hendler 

Fox 

McGuinness + ~ 40 = Post-docs, Staff, Grad, UGrad 

• Government Data 
• Health care/Life Sciences 
• Environmental Informatics 

Luciano, Erickson 



The Planet is Under 
Pressure 
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Future Earth  
Research for global sustainability 

photos: www.dawide.com 

Presenter
Presentation Notes
Scientists – actually ANYONE - should be able to access a global, distributed knowledge base of scientific, engineering, humanities, businessdata that:appears to be integratedappears to be locally available Data – volume, complexity, mode, discipline, scale, heterogeneity, …But… data and information is obtained by multiple means (instruments, models, analysis) using various (often opaque) protocols, in differing vocabularies, using (sometimes unstated) assumptions, with inconsistent (or non-existent) meta-data.  It may be inconsistent, incomplete, evolving, and distributed and created and organized in a manner to facilitate its generation, over its use

http://www.unesco.org/new/en/unesco/


Climate of the last Millennium 

Caspar Ammann 
NCAR/CGD 

Presenter
Presentation Notes
Slide from Lawrence Buja (NCAR/CGD) presented March 5, 2008, Boulder, COThe coupled models that came out of the 1990s were able to simulate both historical and present day climate. The CCSM’s strength lies in its ability to simulate the Earth’s climate over long time periods with high accuracy and without artificial corrections added to the simulation (known as “flux-corrections”) to maintain stability.Figure 3 shows a comparison of a recent CCSM simulation of the past millennium, carried out by Caspar Ammann from NCAR, using a very low resolution (T31) version of the CCSM (red) with a reconstruction of the earth’s past climate from proxy data (green).  While not perfect, the model is able to duplicate the long term climate variations, particularly after the year 1300.  The large cooling excursions show that the model overreacts to volcanic events compared to observations.  Simulations of the earths climate during the instrumental period (years 1900 to 2000) using the full range of natural and anthropogenic forcings show very good agreement with observations (black).  When the exact same simulation is made without the man-made greenhouse gasses and sulfate aerosols (blue), the simulation strongly diverges from the observations after the 1970s, and actually shows a slight cooling trend.   This demonstration that the recent large increase in global surface temperature relative to the “normal” climate envelope observed over the last millennium can only be recreated if the man-made greenhouse-gasses are included in the simulation is the “smoking-gun” evidence that human activities are changing the earth’s climate.





In recognition and appreciation of the 

"The Norwegian Nobel Committee has decided that the Nobel Peace Prize for 2007 is to be shared, in  two 
equal parts, between the Intergovernmental Panel on Climate Change (IPCC) and Albert Arnold (Al) Gore Jr. for 

their efforts to build up and disseminate greater knowledge about man-made climate change, and to lay the 
foundations for the measures that are needed to counteract such change."  

The National Center for Atmospheric Research  

PCMDI / LLNL 
for its invaluable contribution to the CCSM3 development, production, and 

data analysis effort for the 2007 IPCC Fourth Assessment Report. 

Presenter
Presentation Notes
Slide from Lawrence Buja (NCAR/CGD) presented March 5, 2008, Boulder, CO



A Vision Fulfilled 
Pre-2000 
Home Grown 
Data Systems 

2000-Present 
Community Data Portal 
dataportal.ucar.edu 

 

2002-Present 
Earth System Grid   

• Initially Cheap 
• $$$ in long term 
• Limited Scale 

• Modest Investment 
• Agile and Right-sized  

for Many Projects 
• Institutional Scale 

• Large Investment 
• Infrastructure for       

 Large Projects 
• Spans Institutions 

 
 



Providing climate scientists with 
virtual proximity to large simulation 
results needed for their research 

• Very large distributed data archives 
Easy federation of sites 
Across the US and around the world 

• “Virtual Datasets” created through  
   subsetting and aggregation 
• Metadata-based search and discovery 
• Web-based and analysis tool access 
• Increased flexibility and robustness 
• Server-side analysis 

ESG Goal Current ESG Sites 

http://www-pcmdi.llnl.gov 

Dean Williams, PCMDI, ~ 2008 

Presenter
Presentation Notes
Slide from Lawrence Buja (NCAR/CGD) presented March 5, 2008, Boulder, CO



Evolving for the future 
ESG Data System Evolution 

Central database 
Centralized curated data archive 
Time aggregation 
Distribution by file transport 
No ESG analysis 
Shopping-cart-style web portal 
ESG connection to desktop analysis 

tools 

2008 

Testbed data sharing 
Federated metadata/portals 
Unified user interface 
Quick look server-side analysis 

with CDAT 
Location independence 
Distributed aggregation 
Manual data sharing/publishing 

Early 2009 
Full data sharing (add to testbed…) 
Synchronized federation 

metadata, data  
Full suite of server-side 

analysis with CDAT 
Model/observation integration 
ESG embedded into desktop 

productivity tools with CDAT 
GIS integration 
Model intercomparison metrics 
User support, life cycle 

maintenance 

2011 

CCSM, AR5, 
satellite, In situ  

biogeochemistry, 
ecosystems 

ESG Data Archive 

Terabytes Petabytes 

CCSM 
AR4 

Dean Williams, PCMDI 

Presenter
Presentation Notes
Slide from Lawrence Buja (NCAR/CGD) presented March 5, 2008, Boulder, CO



And beyond… 



Scaling a big infrastructure! 



Climate data - worldwide 



~ 2009 © GEO Secretariat 

The Future for Earth Science: 
A Global Earth Observation System of Systems 



Millennium Ecosystem 
Assessment 

14 



http://images.firstcovers.com/covers/flash/w/wake_up-19483.jpg 

Presenter
Presentation Notes
Informatics Architectures?Forefront?Ecosystems and evolutionWhy frameworks and not systems?Platforms? The distributed part of it..Um, peopleSome models
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.. Data has Lots of Audiences 

From “Why EPO?”, a NASA internal 
report on science education, 2005 

More Strategic 

Less Strategic 

Science too! 

Presenter
Presentation Notes
There are lots of different kinds of audiences interested in data.  While we are talking about using data in the classroom today, several other audiences of are importance to Virtual observatories.  In particular, on the more strategic end are groups that, while smaller, have great impact on the public’s and the government’s perception of the value of the data and its providers.  In this category, I would place both science policy specialists and the media.  Policy specialists and decision makers have a tremendous impact on budgets, but also feel, at least at some level, beholden to the tax payers.  They want to see the impact that data has on people’s lives.  They are also looking for information that will help them made an informed decision.  In addition, the media plays a critical role, providing about 85% of the science content to the general public.   A third group that is worth considering is the educated general public (the science-attentive public).  They take science very seriously and can be a vocal advocate for a scinetific resource -- look at the Hubble scenario as an example.  



Presenter
Presentation Notes
http://upload.wikimedia.org/wikipedia/commons/9/94/Cyber_Analytics_graphic_v7.jpg	



The Global Change 
Research Act and USGCRP 

• USGCRP was mandated by 
Congress in the Global Change 
Research Act (GCRA) of 1990 (P.L. 
101 – 606) 
 
 “To provide for development and 

coordination of a comprehensive and 
integrated United States Research 
Program which will assist the Nation 
and the world to understand, assess, 
predict, and respond to human-
induced and natural processes of 
global change.”  
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Presenter
Presentation Notes
Peter Fox, RPICurt Tilmes, NASAXiaogang (Marshall) Ma, RPIAnne Waple, NOAAStephan Zednik, RPIJin Zheng, RPI



• Coordinates Federal research 
to better understand and 
prepare the nation for global 
change 

• Prioritizes and supports cutting 
edge scientific work in global 
change 

• Assesses the state of scientific 
knowledge and the Nation’s 
readiness to respond to global 
change 

• Communicates research 
findings to inform, educate, 
and engage the global 
community 

The Program: 

U.S. Global Change Research Program 

19 



Global Change Information System 
(GCIS) 

20 

Vision: 
A unified web based source of 
authoritative, accessible, usable, and 
timely information about climate and 
global change for use by scientists, 
decision makers, and the public. 
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Global Change Research Act (1990), 
Section 106 
…not less frequently than every 4 years, the 
Council… shall prepare… an assessment which– 
•integrates, evaluates, and interprets the findings 
of the Program and discusses the scientific 
uncertainties associated with such findings; 
•analyzes the effects of global change on the 
natural environment, agriculture, energy 
production and use, land and water resources, 
transportation, human health and welfare, human 
social systems, and biological diversity; and 
•analyzes current trends in global change, both 
human- induced and natural, and projects major 
trends for the subsequent 25 to 100 years.  



Previous National 
Climate Assessments 

Climate Change Impacts on 
the United States (2000) Global Climate Change Impacts 

in the United States (2009) 
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Target date for next 
NCA: 2013 

http://nca2009.globalchange.gov 

http://nca2009.globalchange.gov


NCA 2009 
http://nca2009.globalchange.gov 
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Prototype Use Case 
Name Discover and visit data center website of dataset used to generate report figure. 

Goal The NCA Report reader sees a figure and wants to know where the data came from. 

Summary A reader of the NCA is browsing the content via the website.  He/she sees a figure and wants to know where the 
data came from.  A reference to the publication in which the figure originated appears in the figure caption.  Selecting 
the link to the source publication displays a page of information about the publication including, if available, the 
publication DOI.  The page also includes references to the datasets cited in the publication.  Following each of dataset 
reference links presents a page of information about the dataset, including links back to the agency/data center 
webpage describing the dataset in more detail and making the actual data available for order or download. 

Actors Primary Actor - reader of the NCA 

Preconditions Reader is viewing the NCA online report 

Post Conditions Reader visits the data center dataset website 

Normal Flow 1) System is presenting the NCA report to the reader in a web site.  Presentation includes report figure with caption 
that includes reference to source publication. 

2) Reader selects publication reference in figure caption 
3) System displays information about publication, including DOI (if available). 
4) Publication information includes publication dataset citations. 
5) Reader selects a dataset cited by the publication. 
6) System displays information about dataset including links to agency / data center webpages where more 

information and (potentially) data download links are available. 
7) Reader selects the data center link and is redirected to data center dataset webpage. 

Presenter
Presentation Notes
The NCA report reader sees a figure and he/she wants to know where the data came from



Assessment links to information 
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Traceable accounts… 

26 Magic here ! 



Under the hood – a 
graph 

27 
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Key Message &  
A Traceable Account 



Key Message vs.  
“General” Message 



Computer science-y things 

actedOnBehalf 

ENTITY 

AGENT 

wasAttributedTo 

wasAssociatedWith 

wasInformedBy wasDerivedFrom 

wasGeneratedBy 

used 

startedAtTime, 
endedAtTime 

ACTIVITY 

Diagram from W3C PROV group and Ivan Herman 



Non-specialist Use Case 
Name Find Latest Datasets by Keyword 

Goal Search for datasets associated with the keyword “snow”, list search results by recentness of publication. 

Summary User story: 
 

I want to look for information concerning “snow.”  I don’t know if it is a CLEAN word or a GCMD word or don’t 
even know what GCMD or CLEAN is.  How would I do it, and what would I see on my monitor during the 
process? 

Assumptions The reader is not assumed to have knowledge regarding the GCMD Keywords (or other) vocabulary. 

Actors Primary Actor - reader of the NCA 

Preconditions TBD 

Post Conditions Reader is presented with a list of datasets associated with the keyword “snow” sorted by dataset publication date. 

Normal Flow TBD 

Notes We are looking into two user interface options for dataset selection by keyword 
 
1)As a free-text search where the user inputs “snow”. 
2)Present the user a faceted browse interface with a vocabulary faceted which presents the user with terms from a 
structured vocabulary.  The user can manually select the term(s) which match or contain “snow”. 
 
We intend to implement prototypes of both. 
 



CLEAN Vocabulary 



Large 
Marine 
Eco-
systems 



US National Ocean Policy Designates 9 Large Marine 
Ecosystems within US to serve as unifying framework 
for integrated science, management, and governance 

 



Understand Communities Of 
Stakeholders  

  

(Suzanne Lawrence) 

Presenter
Presentation Notes
The generic version of this slide would include all the words on the left. A new version of the graphic on the right would be generated. For the time-being we’d keep the same color-scheme and naming. We would label the nested boxes as “Federal Initiatives”, “Guided by Science”, “Directed by Agency Needs”, “Enabled by Private Sector Partnerships”, and “In Service to End Users” but we would eliminate all application-specific examples that are now included as sub-text.The IEAI-specific version of this slide would include the same graphic on the right. The words on the left would be modified to be a summary description of how the stakeholders shown on the graphic interact with one another. This might be a paragraph in length. If too much to fit on the slide we would use the convention of including a paragraph or 2 in this “Notes” section of the slide.



So… you are wondering 

• What have we learned? 
 
 

• And how must be go forward? 
 
 

• And not just for climate… 



Data as a 1st class citizen 

38 http://thomsonreuters.com/content/press_room/science/686112 

http://thomsonreuters.com/content/press_room/science/686112


Science ecosystems 

• These elements are what enable scientists to 
explore/ confirm/ deny their research ideas 
and collaborate! 

• Abduction as well as induction and deduction 

Accountability 

Proof Explanation Justification Verifiability 

‘Transparency’ -> Translucency 

Trust 

Identity Citability 
Integrateability 



Discovery science –  
we need abduction! 

- a method of logical inference 
introduced by C. S. Peirce 
which comes prior to 
induction and deduction for 
which the colloquial name is 
to have a "hunch” Human intuition 

is needed in 
interacting with 
large-scale data  

Presenter
Presentation Notes
Introduce abduction (make the joke about criminal / alien). 



Mediation; generations 

Borgman et al., Cyber Learning Report, NSF 2008 



Socio-technical system(s) 

• Refers to the joint social 
and technical aspects of 
‘systems’ 

• Sociological – 
people and 
groups of people 
 

• Technical – more 
than technology 
but the two are 
often conflated – 
of organization 
and process 



Network elements… 

http://sendsonline.org/wp-content/uploads/2011/05/Ecosystem_no_header-ver-4-Apr-2011.png 

Presenter
Presentation Notes
SENDS model



Complex networks 
‘These members assume well 
defined roles and status relationships 
within the context of the virtual group 
that may be independent of their role 
and status in the organization 
employing them’ (Ahuja et al., 1998). 

Technology 

Communication Patterns 

Organizational 
Structure 

Presenter
Presentation Notes
A key feature of virtual organizations is a high degree of informal communicationBecause of a lack of formal rules, procedures, clear reporting relationships, and norms, more extensive informal communication is requiredMight be worth considering some VO education…



And yet, I’m still not done.. 

http://4.bp.blogspot.com/-7mYclB2oypk/TWrlhBPvHxI/AAAAAAAAALc/mwjhBbuZ9kU/s1600/yawn4.jpg 



 Fox Informatics and Semantics, 
© 2008 
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Mind the gap 

• There is still a gap between science 
and the underlying infrastructure and 
technology that is available 

• Cyberinfrastructure is the new 
research environment(s) that support 
advanced data acquisition, data 
storage, data management, data 
integration, data mining, data 
visualization and other computing 
and information processing services 
over the Internet. 

 Informatics - information science includes the 
science of (data and) information, the practice 
of information processing, and the engineering 
of information systems. Informatics studies the 
structure, behavior, and interactions of natural 
and artificial systems that store, process and 
communicate (data and) information. It also 
develops its own conceptual and theoretical 
foundations. Since computers, individuals and 
organizations all process information, 
informatics has computational, cognitive and 
social aspects, including study of the social 
impact of information technologies. Wikipedia. 



 Fox Informatics and Semantics, 
© 2008 

47 

Progression after progression 

IT Cyber 
Infrastru
cture 

Cyber 
Informatics 

Core 
Informatics 

Science 
Informatics, 
aka 
Xinformatics 

Science, 
Societal 
Benefit 
Areas 

Informatics 

Any application can be on the far right 
E.g. Financial reporting 
Then Informatics == Business Logic/Rules 

Functional requirements 



Software and wetware 

• ‘Before you make the software 
interoperable, you need to make the 
people interoperable’: talk by Ian 
Jackson, chief of operations, British 
Geological Survey, presented at the 
American Geophysical Union, Dec. 
2008 
 

• Don’t worry there does not  
need to be a group-hug involved!. 48 

Presenter
Presentation Notes
Wetware – attributed to SCEC PI Tom Jordan, USC



Look toward (scale-free) methodologies  

 
• Use cases 

– requirements 
• Stakeholders 
• Distributed 

authority 
• Access control 
• Ontologies 
• Maintaining 

Identity 

Courtesy: Fox and McGuinness. 

Presenter
Presentation Notes
Look at scale free network definitions in wikipedia, web, semantic networks.Internet as the primary computer



What is different here? 

• Modern informatics enables a new approach. In 
contrast to nearly all-existing technical-based 
approaches, informatics starts with the use case.   

• Instead of building successive layers of 
technology from the low (data) levels up -- in 
hopes they will be used -- the practice of 
informatics determines what questions people 
want to ask, and what tasks need to be 
performed.  

• It works from the upper levels down to meet (and 
often build or adapt) the underlying technical 
infrastructure.  

Presenter
Presentation Notes
Forward pointer to some detail on this



Situational Assessment 

• Today’s informatics practitioners are a vital component of our 
national scientific, medical research and decision support 
infrastructure.  

 
• They serve as the chief architects for both the design and 

application of new technologically enabled research platforms and 
science based decision support systems.  
 

• The information science community stands at the forefront of a 
technological revolution capable of creating new platforms for 
massive scientific collaboration, capable of hastening scientific 
discovery and innovation while strengthening national policy 
objectives.   
 

• All sciences/ engineering/ medicine stand ready to receive 
significant benefit from informatics, but there still are some barriers. 

Presenter
Presentation Notes
Intent – an interesting graphic with these words in the notes section or partial?



http://tw.rpi.edu/web/Courses  
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Data Information Knowledge 

Context 

Presentation 
Organization 

Integration 
Conversation 

Creation 
Gathering 

Experience 

Data Science Xinformatics Semantic eScience 
Web Science 

http://tw.rpi.edu/web/Courses


Be not afraid of informatics 

 
 
 

• Thanks: pfox@cs.rpi.edu, @taswegian 

Presenter
Presentation Notes
Adopt, adapt, adapt, adapt,…Coordinate, finds gaps, be synergistic.
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