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Key Highlights:
Data Science approaches, particularly artificial intelligence and big data techniques, are becoming important drivers in research and socially relevant analyses of information.  The growing interest in data science represents an opportunity to advance the field in meaningful ways. Yet real world applications and usefulness face methodological challenges for combining interdisciplinary knowledge to achieve useful results.  And, the very popularity of data science and technological advances are creating new considerations for sustainability perspectives, particularly in terms of the equitable access and reproducibility of 
 
�Keys to harnessing that opportunity include:
Better interdisciplinary collaboration is needed
share examples and observations of  GEO and IS researchers
Need to create better on-ramping/training and resources for cross-disciplinary groups to learn about the approaches and problems across disciplines
we need open data sets and examples so that people can learn and apply/compare different techniques
Highlight examples of cutting edge research results from the IS-GEO community that can inspire others.
�In the case of IS-GEO, our community has been growing rapidly, but really requires patience and time. Our observations from various workshops and ongoing interactions reveal that there are many opportunities to dive deeper by finding ways to better combine GEO knowledge with IS approaches. Yet, the level of sophistication in applications of ML to GEO problems - is relatively superficial because it's really just getting started and researchers are struggling to frame problems effectively across the heterogeneous datatypes. 
�The IS-GEO community enthusiasm is wonderful - as people put effort in, it will be important to provide places to publish, present, and share what we learn to keep the momentum going forward.
�


TACC AT A GLANCE

; Personnel _
UNITED STATES © — 130+ Full time staff (~70 PhD)
General Facts o
Research Division of UT Austin.
Conference & meeting capability
Key provider to XSEDE national ClI
Usage Statistics :
~ Over a Billion compute hours per year.
5 Billion files, 50 Petabytes of Data,
100s of Public Datasets, 3000+ Projects
Capacity & Services
HPC, HTC, Visualization, Large scale
data storage, Cloud computing
Consulting, Curation and analysis,
Code optimization, Portals and
Gateways, Web service APIs, Training
& Outreach .
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More about this a bit later…


|IS-GEO Research Coordination Network

Intelligent Systems o ==} IS-GEO.org

and Geosciences = 0|
Research ° .
Coordination Network ’
aims to support an
emerging community
of researchers in

intelligent systems (IS)
and Geosciences

knowledge




INFORMATION ABOUT EARTH IS...
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TNFORMATION ABOUT EARTH IS...

B I G PREDICTIVE PATTERN IDENTIFICATION | SPIN NETS Machine Inference
ISHANU CHATTOPADHYAY, University of Chicago

Predicting Seismic Events

Zero Knowledge for Modeling Stochastic
xFFOoCcesses
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Almost impossible to predict using first principles alone


TNFORMATION ABOUT EARTH IS...

BROAD HETEROGENEOUS DATA [The Future of Old Things
JULIAN EMILE-GEAY, ISI University of Southern California

B I G LinkedEarth is manifesting a better = Wodkat
future for paleoscience ) i |

Data-analytic onlihe platform that:
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Abstract: By some accounts, paleoscientists spend up to 80% of their time trying to access the data they need, in the form they need it. In the 21st century, we should be able to do much better. This talk will review recent progress made by the LinkedEarth project, which relies on data standards and artificial intelligence to enable scientists to spend more time doing the science they want to do. LinkedEarth is manifesting a better future for paleoscience by creating an online platform that (1) enables the curation of a publicly-accessible database by paleoclimate experts themselves, and (2) fosters the development of community standards. In turn, these developments enable cutting-edge data-analytic tools to be built and applied to a wider array of datasets than ever possible before, supporting more rigorous assessments of the magnitude and rates of pre-industrial climate change. We will start by illustrating these principles in the context of the PAGES 2k project, and outline how they may serve the PAGES community as a whole. In particular, we will illustrate how to go from spreadsheets to syntheses (PAGES 2k). We will dwell on community participation in the first paleoclimate data standard. We will present GeoChronR and Pyleoclim, new open-source tools compatible with these standards and enabling cutting-edge paleoscience. We will finish by some remarks on interoperability, enabling cross-talk between scientists within a field, across fields, and between data and models. In our vision of the future, machines serve scientists, not the other way around. Yet, the process needs a lot of human input, and the participation of the PAGES community will be recognized and further encouraged.


INFORMATION IN THE WILD...

DYNAMIC VELOCITY & SCIENCE GATEWAYS| FOSS HARDWAREX DESIGN
PETE MARCHETTO, UNIVERSITY OF MINNESOTA

BROAD = )
BIG

Designed &
deployed 8
observation
sites in ~48
hours

ple 3D-PAWS @ Disdrol ron isgeo el FM-Radar @ Mauna Loa 3D-PAWS
2 Ag 3D-PAWS. 1S-GEO

intelligent sensing policies spatiotemporal regions, feedback

Temale S0.VANS @ Disdro1 D Hieities Hiestra isgeol-electron @ isgeo3-electron @ tacc-sensor-creek FM-Radar @ Mauna Loa 3D-PAWS
@ Ag 3D-PAWS 15-GEO str

Sensors in the Experts
field (Scientists etc.)

A A
raw data (water quality etc.) processed data, alerts

Temple 3D-PAWS @ Disdrol D scoetren: Eles isgeol-electron @ isgeo3-electron @ tacc-sensor-creel FM-Radar @ Mauna Loa 3D-PAWS
Kona Ag 3D-PAWS. 15-GEO Str

ADAPTIVE SENSING Data http /lis-geo. Chordsrt Com/




TNFORMATION ABOUT EARTH IS...

|LL- THEORY-GUIDED | KARPATNE & KUMAR, VIRGINA TECH

§WH@IT AND UMN

in knowledge gaps in
ibi in processes
B I G (turbulence, groundwater flow)

“Black-box” data science models
not sufficient for knowledge

discovery in scientific domains

Theory-guided
Data Science Models
(TGDS)?

Theory-based Models

Understanding how the human brain learns view-invariance
Leibo et al. 2016

Use of “biologically plausible” rules

Use of Scientific Theory

o “Neurons that fire
4 ) together wire together”
Take full advantage of data ) |
et

science methods without ignoring
the treasure of accumulated o ; ) — Face Recognition

Use of Data
knowledge in scientific “theories”

layer

@ i .
peot et | ya vt [yeser reser] hidder| layer —
1 Karpatne et al. “Theory-guided data science: A new Require large number of Reproduces a well-known L o
paradigm for scientific discovery,” TKDE 2017 (in review) representative samples neurological aspect: ;

“Mirror Symmetry”

“Black-box” data science models are
—xdasufficient

‘The University of Texas at A
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“Black-box” data science models not sufficient for knowledge discovery in scien1fic domains 
•  Need to deeply integrate theory and data science for realizing the full poten1al of the fourth paradigm 
•  The paradigm of “theory-guided data science” (TGDS) holds great promise for knowledge discovery in scien1fic applica1ons 
• TGDS is already star1ng to gain aqen1on in several disciplines: 
– Climate science and hydrology – Turbulence modeling�– Bio-medical science�– Bio-marker discovery 
– Material discovery�– Computa1onal chemistry 



INFORMATION ABOUT EARTH IS...

UNCERTAIN  MACHINE READABILITY | Simplifying the Reuse of Datasets & Models
PECKHAM, NCAR UNIVERSITY OF COLORADO
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TNFORMATION ABOUT EARTH IS...

COMPLEX MACHINE READABILITY | FLOOD Al ALPHA
IBRAHIM DEMIR, UNIVERSITY OF [OWA
U N C E RTAI N M e " Artificial-intelligence
help th |
ILL-STRUCTU HIES=—"" i

Upstream 3268 sqmi

flooding and other

DYNAM IC N | G T o ‘”; o natural disasters.
s Part of lowa Flood
BROAD

Information System
BIG

(IFIS), Users can ask it
guestions about
rainfall and river levels
and receive
immediate answers.

Knowledge

Al to aid emergency response
TREC OTEXAS
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Demir was honored for helping to increase awareness of flood issues with the general public. In particular, he was applauded for his efforts to publicize the use of Flood AI Alpha, an artificial-intelligence algorithm that he created to help members of the general public prepare for flooding and other natural disasters.
The algorithm works as part of a digital application available on the Iowa Flood Information System (IFIS), a website managed by the Iowa Flood Center. Members of the public can access the application and, with a smart phone or smart speaker, ask it questions about rainfall and river levels and receive immediate answers.



ACCELERATING BY COLLABORATING...

o ~42 -57
diverse ,‘
partlc:lpants

« 1 active :
volcano &
hurricane
Hector

Better interdisciplinary collaboration IS-GEO
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ALLLCLERATING ovulCINLE DY
SHARING...

Discovery using FM radio
device

Connected new modules to IM

Expert

2-4 manuscripts, 2-3

Intelligent Sampling

Policy Intelligent System (ML

and/or rule-based)

Scientific Analysis
Edge nodes.
|:’> TN (Semi)-Automatic
N Training Data spatiotemporal subsetting
CHORDS g & metadata tagging

‘ ! . {
> Karma/GSN
Ontology/RDF . | P J storage
[~ O— (s3/corralllke ~ Manual
Simulation Models Wailetc.)

Processed
data

Sensors

Decision Support

Inaccessible/ Spatiotemporal
Ultra Low Power nodes subsetting and

/ metadata tagging Published Data
Benchmarks
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i ‘Xas population is projected to nearly double by 2050.

b 'We' W|II experience more extreme Weather events more
' ftoods,lmore droughts and more heat

xon
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--PT2050-- focused on building the knowledge and the strategies to ensure that Texas is resilient by 2050.
-- thinking about two major changes in TX: pop growth and increase in extreme weather events
-- preparing for these changes and ensuring that we’re ready to meet the future with adequate resources and infrastructure



To get there ....

Fundamental sciences
Applied sciences

Health sciences

Behavioral sciences
Humanities & communications
Engineering

Planning

More .....

Past, present, future

environment

New
conditions
(population,
climate)

platform
(dev, testing)

health &
well-being

T*CC YTEXAS
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What does a resilient TX look like? 
How will we get there? 


DataX
Integration

Model
Development

Simulations,
Strategies, and
Policies

Climate Change -+  Population Growth

Current environment
Human health &
well-being
Humanities
Past societies
Societal decisions &
built environment

xon
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Colored circles are main pillars of investigation, center square includes subthemes that relate to the main pillars, and arrows indicate interdependences of research and process feedbacks
Development of methodology that will support most research projects. ‘DataX’ refers to defining foundational concepts, aggregating existing data, collecting new data, and developing a data integration strategy that spans multiple disciplines
The yellow boxes represent the twin drivers of climate change and population growth. 



How can scientists present information
to stakeholders and decision makers
in a way that supports dialogue

And leads to science-based decision
making?

What features and specifications can
create a reusable and intelligent
decision support system?

Designing intelligent
Decision Support Systems

T*CC YTEXAS
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TACC OPERATES A professionally-supported
national science cloud / PT2050 is leveraging it

|i| -@:}‘N QE E E User-facing applications

FOLIMDATIONAL SERACES

| and Dacovary Domain-aware Web Services

DATA DEPOT structured Data Management

LOW-LEVEL SYSTEM SOFTWARE

Ease of Use
Ease of Re-use

Established software and ClI

HARDWARE RESOURCES
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Exascale physical systems

Clcard Syntema |

Broad Interoperability
(even across data centers)
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INTEGRATED MODELING with linked data and
model catalogs connect to workflows & HPC jog
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Cyberinfrastructure Ecosystem
PLANET TEXAS 2050

A UT Grand Challenge

& 5
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Download Move to Trash

Permissions

All

o DataX and Integrated Modeling (IM) architecture use

Data Lifecycle as an organizing concept




Cyberinfrastructure Ecosystem
PLANET TEXAS 2050 A

A UT Grand Challenge
@ Q ’ + & i o o
Rename Move Copy Preview Download Move to Trash

Dashboard

MY DATA PT2050 PT2050 RESEARCH

Data Files

==

Applications
Last Modified Permissions

=
Community
Data

v 10/13/18 1:49 PM All

Notifications

Q

Search Data

Streams

Integrated
Modeling

[

-
ata‘ingest



Cyberinfrastructure Ecosystem
PLANET TEXAS 2050 A

A UT Grand Challenge

@ Q ’ + & i & o
Rename Move Copy Preview Download Move to Trash

Dashboard

MY DATA PT2050 PT2050 RESEARCH
Data Files
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Applications Data
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Search
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Integrated

Modeling @ T8 Urban Watersheds 10/13/18 1:45 PM All

@ T9 Water Stories 10/13/18 1:48 PM All

Storage



A UT Grand Challenge
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Cyberinfrastructure Ecosystem
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Concept Model to CAG
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High Level Workflow Template
PLANET TEXAS 2050 A

A UT Grand Challenge

@ Simulation [0 Visualization [0] Data Processing [1] Utilities [2] My Apps [1]
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High Level Workflow Template
PLANET TEXAS 05C 'y

A UT Grand Challenge
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High Level Workflow Template
PLANET TEXAS 05C 'y

A UT Grand Challenge

@ Simulation [0 Visualization [0] Data Processing [1] Utilities [2] My Apps [1]
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High Level Workflow Template
PLANET TEXAS 05C 'y

A UT Grand Challenge

@ Simulation [0 Visualization [0] Data Processing [1] Utilities [2] My Apps [1]
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Execution Ready Workflow
PLANET TEXAS 2050 Y

A UT Grand Challenge
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http://watermark.encompass.tacc.utexas.edu/#!/analyze

Planet Texas 2050, The Univérsity of Texas at Austin

MINT Team, DARPA, World Moduelers p-rograllm
Thank Youl!

: Suzanne A Pierce Texas Advancéd Computing Center

spierce@tacc.utexas.edu | encompass.tacc.utexas.edu | www.IS-GEO.org
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KEY WORDS
Integrated Assessment, Decision Support, Scientific Uncertainty, Groundwater Management, Participatory Modeling
 
Policies that guide management of energy and earth resources are enmeshed in complex, dynamic conditions that involve understanding from across multiple disciplines or practices. Most often the knowledge that scientists and engineers have developed through years of research, is not communicated to the communities and policymakers who need it. People involved in making decisions about natural resource management problems need information to help them understand possible implications of the possible choices. Simultaneously, a social process that enables the stakeholder groups who are affected by decisions about the use and management of resources to address tensions and differences are needed to improve the outcomes and avoid conflict once a decision has been implemented. 

Sustainability Science is use-inspired and oriented toward decision-making of all kinds (Matson, 2009; Miller, 2013) with the goal of informing choices about resource management. Balancing the choices requires searching for and finally building consensus about both the scientifically observed behaviors of systems and value judgments that frame the preferences of affected stakeholders. 

https://www.nsf.gov/awardsearch/showAward?AWD_ID=1632211
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