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Dynamic Earth
Geo Imperatives 
and Frontieres 
2015-2020

http://www.nsf.
gov/geo/acgeo/
geovision/nsf_ac
-geo_dynamic-
earth-2015-
2020.pdf

Research Imperatives

 Continue strong 
emphasis on support of 
core research

 Engage in collaborative 
efforts to improve 
understanding of and 
resilience to hazards 
and extreme natural 
events

 Establish a collaborative 
effort to understand the 
water cycle

Data and 
Cyberinfrastructure 
Imperative

 Develop community-
driven cyber-
infrastructure

 Harness the power of 
computing and 
computational 
infrastructure

 Invest in infrastructure 
for observing systems 
and sensor arrays

 Use distributed 
instrumentation and 
facilities in support of 
research and education



Supports research and education 
activities that study the inter-related 
roles of people, computers, and 
information.

 Cyber-Human Systems (CHS): coupled 
relationships between humans and computing with 
the broad goal of advancing human capabilities: 
perceptual and cognitive, physical and virtual, social 
and societal.

 Information Integration and Informatics (III): 
processes and technologies involved in creating, 
managing, visualizing, and understanding diverse 
digital content -distributed systems, and that can 
transform all stages of the knowledge life cycle.

 Robust Intelligence (RI): computational 
understanding and modeling of intelligence in 
complex, realistic contexts to advance and integrate 
the traditions of artificial intelligence, computer 
vision, human language research, robotics, machine 
learning, computational neuroscience, cognitive 
science, and related areas.

http://www.nsf.gov/div/index.jsp?div=IIS

Information 
and 

Intelligent 
Systems 
(CISE/IIS)
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Risk & 
Resilience 
Prediction of 
and Resilience 
against 
Extreme 
Events 
(PREEVENTS)

GEO’s contribution to NSF’s FY16 Risk & 
Resilience activity (co-lead ENG – CRISP: Critical 
Resilient Interdependent Infrastructure Systems 
and Processes)

 Focus on natural hazards and extreme events
 Enhance understanding of the fundamental 

processes underlying geohazards and 
extreme events on various spatial and 
temporal scales
 Improve models of geohazards, extreme 

events, and their impacts on natural, social, 
and economic systems
Develop new tools to enhance societal 

preparedness and resilience against such 
impacts



INFEWS Goals 
FY16 

 Significantly advance our understanding of the 
food-energy-water system through quantitative 
and computational modeling, including support 
for relevant cyberinfrastructure;

Develop real-time, cyber-enabled interfaces 
that improve understanding of the behavior of 
FEW systems and increase decision support 
capability;

 Enable research that will lead to innovative 
system and technological solutions to critical 
FEW problems; and

Grow the scientific workforce capable of 
studying and managing the FEW system, 
through education and other professional 
development opportunities.

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=aXrxUmHpmNdgFM&tbnid=SGvFk28LJg_F_M:&ved=0CAUQjRw&url=http://www.soga-consulting.com/&ei=Yc6ZU934MselyAT1kILwCA&bvm=bv.68911936,d.cWc&psig=AFQjCNHTrTczqhBbbH5EzMdimVZaON5-VA&ust=1402675135381183
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=aXrxUmHpmNdgFM&tbnid=SGvFk28LJg_F_M:&ved=0CAUQjRw&url=http://www.soga-consulting.com/&ei=Yc6ZU934MselyAT1kILwCA&bvm=bv.68911936,d.cWc&psig=AFQjCNHTrTczqhBbbH5EzMdimVZaON5-VA&ust=1402675135381183


Autonomous 
Observing 
Systems 

Geophysical Data

 International Polar year 
experiments AGAP/GAMSEIS 
POLENET/ANET

 Typical data recovery rates 
have increased from sub 50% 
to above 90% from winter 
data collecting capability 

 cold-hardened equipment

 open-source repository for 
cold-station techniques and 
test data

 low-power Iridium-based 
satellite telemetry to monitor 
health

Goal: minimize logistics 
while collecting high-
quality data

6 months of darkness

130 mph winds

-85°C

Pushes the limits of 
batteries, electronics, 
people

(images, IRIS)



CMIP 
Model 
Output: 
How big 
is ‘big’?

 CMIP = Coupled Model Intercomparison Project
• Phase 1: Idealized simulations of present-day climate ~1 

Gigabyte (GB)
• Phase 2: Idealized simulations of future climate changes 

~500 GB   CMIP2/CMIP1 = 500
• Phase 3: More realistic simulations      ~35 Terabytes (TB)   

CMIP3/CMIP2 = 70

CMIP 5 multi-model archive 3.5 Petabytes (PB) 
CMIP5/CMIP3 = 100
 3 suites of experiments
 24 modeling centers in 19 countries
 60  models
 Total data, ~3.5 PB
 Replica 1 – 2 PB
 Derived data ~1 PB

Global distribution
 Timeline fixed by IPCC (2012 - 2013)
 LLNL organizes, manages and distributes the 

CMIP/IPCC (Intergovernmental Panel on Climate Change) 
database of climate model output

 CMIP6 (350 PB – 3 EB)

Courtesy D.ean Williams, DOE  LLNL



Towards Synergistic Intelligent Systems and 
Geological Sciences Research

Opportunities for:
• Future research on intelligent 

systems that will result in 
fundamental new insights in 
geosciences

• In turn such research will result in 
breakthroughs in intelligent 
systems research

− Knowledge representation: 
Capturing Geosciences knowledge.

− Sensing and robotics: New data 
collection capabilities for optimized 
data collection and adaptive 
sampling. 

− Information integration: 
Geosciences data and models need 
to be interconnected and easy to 
manipulate

− Machine learning: Algorithms need 
to identify and incorporate 
appropriate Geosciences constraints 

− Intelligent user interfaces: 
Interactions guided by the 
geoscience questions. 

Potential IIS Areas:

Challenge:
• Using data alone is insufficient to 

create models of complex 
Geoscience phenomena.
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FJ to expand notes with NOOCs info"As technology advances at rapid speed, realizing the potential of new learning technologies depends on more than inventing exciting tools and resources. Success also depends on designing ways that innovative tools can be effectively integrated into learning, on understanding their impact on learning, and on supporting teachers with the resources to use them well."Advancement of “science of learning with technology” – a systematic, inter-disciplinary body of knowledge on how people learn in technology rich environments and how to design, implement and effectively used technology to support learning and assessmentThere are several dimensions to this potentially transformative:Democratization of education and learningRicher collaboration and opportunities for sharing, opportunities for a richer learning experience, not to mention the social network effect Automated assessment, better data collection, more systematic evaluation of students, teachersThink how research in education and learning can change …And of course there are business model issues and implications for academic institutions …"The goal of this joint program between CISE, EHR, SBE, and OCI, is to improve learning by integrating emerging technologies with knowledge from research about how people learn.”



Opportunities 
to Build 
Partnerships

EarthCube:
NSF 16-514

A future state of geosciences cyberinfrastructure 
that serves the entire academic geosciences 
community

 facilitates science on the Earth System
 simple and easy access to data and 

information
 seamless connection to tools and services
 flexible and community-driven development

A Partnership Program between GEO and 
CISE/ACI



Research 
Coordination 
Networks

24 months and $300,000

•Must list PD that agreed to submission

Proposals accepted at any time. 

•Development of community standards and plans for data management. 
•Help communities address the NSF DMP requirement
• Articulation of common CI and technology challenges with dialog on 

potential solutions

Focus

• Prepare geoscience communities

Not intended to build CI

•Geoscience Focus;
• Participation; 
• Steering Committee; 
•Network; 
•Outcomes

Requirements:



Capabilities

Types

Building Blocks

Standards 
Development

Data Infrastructure

Submission

Due: March 24, 
2016

Up to 36 months

$500,000-
$1,700,000
•Size commensurate 

with scope

Requirements

Collaboration

Strong Partnership

Outcomes Within 24 
mo; 

Public, shared 
resource

EarthCube 
Participation

Sustainability Plan



Other 
Opportunities

EarthCube Prototypes 16-514
BigData 16-512
CISE/ACI Solicitations
Welcome input for FY 2017
Please contact 
Eva Zanzerkia, ezanzer@nsf.gov
Hector Munoz-Avila, 

hmunoz@nsf.gov
Members of the GEO CI Group
Mike Sieracki OCE
Ed Bensman,  AGS
Marc Stieglitz, PLR

mailto:ezanzer@nsf.gov
mailto:hmunoz@nsf.gov
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