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The Climate Change Challenge
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1. The climate became stable enough for sustainable agriculture ~10,000 years ago.
2. Global greenhouse gas emissions and rates continue to grow.

3. The 1.5 degree Fahrenheit warming over the past 100 years is 10X faster than the
past 800,000 years, consistent with all climate change indicators, and can’t be
explained with only natural forces.

4. Warming could be 6-9 degrees Fahrenheit by 2100...resulting in new weather-
related extremes.

5. Need tools and information to understand extremes, their impact on human and
natural land-energy-water systems, and maintain a stable climate.
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Extreme Events Come in All Forms
and Timescales

Challenge: 12 orders of magnitude
scales of motion -- from planetary to

micrometer scales.
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System Vulnerabilities to Extreme Events

Prepare, Respond, Recover
Energy. Managing for different demand, heat waves, extreme events, etc.

Water Resources. Management and maintenance of existing water supply
systems, development of flood control systems and drought plans

Agriculture and food security. Erosion control, dam construction (irrigation),
optimizing planting/harvesting times, introduction of tolerant/resistant crops (to
drought, insect/pests, etc.)

Human health. Public health management reform, improved urban and housing
design, improved disease/vector surveillance and monitoring

Terrestrial ecosystems. Improvement of management systems (deforestation,
reforestation,...), development/improvement of forest fire management plans

Coastal zones and marine ecosystems. Better integrated coastal zone planning
and management

Human-engineered systems. Better planning for long-lived infrastructure
investments
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ORNL Scientific Strengths and Partnerships
Enable the Climate Mission

scientific computing facility and
broad research capability
Partnerships
* Projects with +200 universities
and 70% of ORNL publications

have universities coauthors
e 40 MOUs and 178 joint faculty
appointments
Wil *© 3,000 research quests annually
; and many faculty and student
research opportunities

DOE’s Largest Science and

Energy Lab

e $1.4B budget and 4,400
employees.

Nation’s most powerful
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Climate Change Science Institute

Formed in 2009 to enhance the
Integration of ORNL’s climate-
related research programs.

Mission

« Advance the understanding
of the Earth system

 Describe the consequences of
climate change

 Evaluate and inform policy on
climate change responses
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Organization

¥, OAK RIDGE

National Laboratory

Computing and Computational Energy and Environmental
Sciences Directorate Sciences Directorate

Climate Change Science Institute

1. An interdisciplinary,
cross-directorate organization

130 researchers: computational
scientists, modelers,
environmental field researchers,
data specialists

Science Advisory Board of
relevant scientific experts.
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Scientific Themes

Earth Terrestrial Data Impacts,
System Ecosystem Integration, Adaptation,
Modeling and Carbon Disseminatio and
Cycle nand Vulnerability
Science Informatics Science
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CCSI Uniqgue Features and Key Priorities

Collocation. M_ult_idisccliplinary
staff collocated within a diverse
national science lab with world-
class supercomputers,
measurement and analysis tools,
and scientific expertise.

Model-Data-Experiment

Integration. Improving multi-
scale climate models and their
uncertainty characterization by
integrating models, long-term
experiments, and data.

Mission-Inspired Science.
Science driven by the need to
better understand the impacts and
conseguences of climate change
on land-energy-water human and
natural systems.

Priorities: Creating the science,
experiments, data, and community
capacity needed to:

1. Improve predictive capabilities of
Earth system and biogeochemical
models.

2. ldentify and understand how
extreme events impact the
resiliency of human and natural
land-energy-water systems.

3. Participate in national and
international climate assessments
and policy analysis.

4. Develop useful climate adaptation
and mitigation tools and information
in collaboration with key
stakeholders.
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Data Integration, Dissemination, and Informatics

Research Community Data

Archives

e Carbon Dioxide Information
and Analysis Center

« Atmospheric Radiation
Measurement Archive

 NASA Distributed Active
Archive

Address Data Management

Challenges

* Integrating heterogeneous
data.

« Supporting full data life cycle.

* Visualization of big data.

CO, emission (1751-2006)
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Earth System Modeling

Scientific Discovery through Advanced Computing and
Modeling

» Efficient computational schemes to model carbon and other ecosystem
nutrients.

» High-resolution and downscaled models to investigate regional climate
phenomena.

* Model ensemble analysis and uncertainty quantification.

Mesoscale column integrated water vapor (~37km)

Supercomputers:

+25 petaflops peak
performance

 10x faster than
predecessor,

same power and space
requirements




Global Modeling Complexity has Evolved with

Improvements in Computational Capabilities

Computational
Capability : : S : :
Regional climate variability, Sea Level Rise, Societal
Exascale Interactions, Uncertainty Quantification
Atmopsheric & Ocean Eddy Motion Field, Reduced
Petascale Microphysical, Chemical, Biogeochemical Processes
Terascale PPl s
Mh Sulphate forcing, dynamical ocean
Gigascale © " N\ “Swamp” Ocean
&> - Simple Land, Ice, Cloud Models
Megascale 1 Simplified hydrological cycle & CO,
: : | | | —>
1975 1985 1995 2005 2015 2025

Simulation Capabilities/Fidelity
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Terrestrial Ecosystem and Carbon Cycle Science

Integrating Modeling, Data, Observations,
and Experiments

. Observation o
« Surface and subsurface observations. ) RRRG
- L LY
« Land, carbon, and subsurface ecosystem Notona

Experiment l

modeling.

. . J ———— Regional #’"’# :
« Large-scale/Long-term experiments to examine A s ﬂ’(
ecosystems responses to climate change. Simultion Lanccape

Local
scale

Synthesis '




Impacts, Adaptation, and Vulnerability Science

Socio-Climatic Impact,
Vulnerability, Risk, and

Adaptation Assessments

 Human settlements.

« Agriculture.

* Energy and water infrastructure.

« Knoxville Urban-Climate Adaptation
Tool project.

LandScan global population data set

Modeling potential switchgrass yields using Energy Awareness and Resiliency
the EPIC agroecological model Standied Servis ERSS)
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