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Talk Overview

ÁDOE Exascale Mission Drivers

ÁImplications for Storage

ÁPropose a New Exascale Storage Co-Design Concept
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DOE mission imperatives require simulation and analysis for 

policy and decision making

Á Climate Change: Understanding and 

mitigating the effects of global warming

Å Sea level rise

Å Severe weather

Å Regional climate change

Å Geologic carbon sequestration

Á National Nuclear Security: Maintaining a safe, 

secure and reliable nuclear stockpile

Å Stockpile certification

Å Predictive scientific challenges

Å Real-time evaluation of urban nuclear 

detonation

Á Energy: Reducing U.S. reliance on foreign 

energy sources and reducing the carbon 

footprint of energy production

Å Reducing time and cost of reactor design and 

deployment

Å Improving the efficiency of combustion energy 

sources
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Accomplishing these missions requires exascale resources.
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Potential Impact of Exascale Computing on Climate Assessments

Á Ocean and Ice

Å Improved modeling of land ice to reduce 

uncertainties in predictions for sea level 

rise and changes in ocean circulation.  

Á Hydrological cycle

Å Reduce uncertainties in prediction of cloud 

radiative effects and precipitation due to 

climate change.  

Á Extreme Weather

Å Use multi-scale Earth System Models 

(ESMs) to understand statistics of 

cyclones, blizzards, meso-scale storms, 

heat waves, droughts, and frost. 

Á Carbon, Methane and Nitrogen cycles

Å Use ESMs with improved chemical and 

biological process models to reduce 

uncertainties in predictions of the evolution 

of terrestrial ecosystems.  
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ñGiven these drivers é it is clear that exascale computers and ultra fast networks, data systems 

and computational infrastructure will be required by 2020.ò Challenges in Climate Change Science and 

the Role of Computing at Extreme Scale, November, 2008



Model Complexity
Increasing number of physical processes and/or ensemble size

(carbon, methane, and nitrogen cycles; ocean biology; land ice; land 
use)

Massive ESM ensembles
(e.g. decadal forecasts, 
extreme weather )A
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Cloud Permitting Earth System Models (ESM)
(e.g. improved sea-level rise forecasts)

100km

1km

10km

Global Cloud Resolving 

(e.g. reduce main climate change uncertainties (clouds)
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