1G km

1T km

1B km

IM km

1,000 km

1 km

Im

1 mm

NASA’s Research Spans Space and Time

Origin and
S Evolution of
the
Universe
Space Science
T Earth Science
Biological and Physical Research Galax_y
Formation
Star Birth/
Death

Solar Variability
Space Weather

Planetary Science

K Climate Change Solid Earth
El Nifio
Land Cover
Hurricanes Change
Ecosystem
Tornadoes Human Health in Health
Space
_ : Biotechnology
Fluid Physics
Cell Processes
Atomic Physics | Nalnosuence : : : | : |
| | | | | | | | |
1 Second 1 Minute 1 Hour 1 Day 1 Year 10 Years 100 Years 1 Billion 10 Billion
Years Years



0O S ® v oD

Earth Science & 21st Century
Technology Workforce
I nputs Outputs Outcomes | mpacts
Scientific New
.' Models Discovery Under standing
Earth M easurements Assessments Policy
Science E> & Monitoring . Decisions
Questions 1 | - Satellites Decision
- Sub-orbital _ Sl:ll_pp?l’t M Snegi_eg;;nt
T - Surface-based Ig:g;rl?c?ggn 001S
Services Education Future Scientists
Tools & Engineers
New Data Computational Ao .
I nstruments Management Modeling Visualization Giﬁatslyogézs
& Platforms Capability ~ Capability

Technology




Managing the End-to-End Information Flow

Calibration, Transformation _Interaction Between Interactive
To Characterized Modeling/Forecasting Dissemination
Geophysical Parameters and Observation

Systems
Predictions

Megabytes 10°

Advanced Sensors Data Processing & Analysi I%f}‘,)r{&gtsiign Access to Knowledge




Projected Computing Power Requirements

YEAR Model Resolution/ SCIENCE EMPHASIS | SSIMULATION | Improvement
Physical Processes Years/Wall Required
(lat/long degrees) clock day
At 2001* 2.0x 2.0 x 33-layers | Suitablefor global 5 --
climate. Resolves
synoptic scales only
By 2005 0.25 X 0.25 X 90- Resolves meso-scales, 0.1 >10°
layers. I.e., individual storms,
and weather systems
By 2010 0.25x 0.25 x 90- Resolves interactions 0.01 >103
layers + improved among clouds, atmo-
Physics Clouds, spheric constituents,
Chemistry and radiation
By 2015 Adding interactive I ncludes feedback 0.001 >10*
Biology/hydrology between Atmosphere

and Biosphere




Data Size, Bytes
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& Summary: Grand Challenges in Computational
> Climmate Modeling

 Near term: Computing power and softwaretoolsto
enable assimilation into models of the large and
diver se data sets now becoming available

« Mid-term: Integration of models of Earth system
components, and capacity to enable sufficient runs
(at regionally-discerning resolutions) of climate
scenarios of interest

e Long-term: Creation of a complete Earth system
model, and the capacity to run the model(s) in both
resear ch and operational modes

Near, mid-, and long-term designations connote emphases; we
will need to be working on all of these in all three time frames!



