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— Ground rule7§’>‘ —

—we need to interpret charge broadly
— we cannot solve the world’s climate problems

— need to converge on a few key points
= focused on DOE'’s strengths, opportunities for leverage
stay. away from institutional iIssues as much as possibles

E;;al IS ‘response —
point to'upcoming NRC (and other) reports




Bottlenecks, to progress in climate modeling
Investreris oy ASCr arlc BEF

- ASCR- — e BER- — =
- facilities/infrastructure Basic science/observational/modeling
Investments Investments
Computational solutions Computational requirements -
Software solutions Software needs
Algorithm/applied math sol’'ns Algorithm needs (e.g.,efficiency)
Data management solutions Data management needs

eds—ﬁ‘
collaberation technology needs:
Investmentsiinrasic knowledge
Investments in observations

Investments in modeling techniques
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NEWYerking solutions
Collakoration technology,







Summary for Policymakers (1PCC AR4)




Summary for Policymakers (1PCC AR4)
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Climate change
and 1ts manifestation

In terms of weather
(climate extremes)




= More frequent droughts and periods of intense

precipitation
= Direct loss of life and injury

= |ndirect effects
— Loss of shelter
opulaﬂen-dlsplacement

Increased risk of infectious disease epid'e_rﬁics (diarrhoeal
and respiratory)

— Damage to infrastructure for provision of health services
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~ e Approaches: (1) improve existing physical parameterizations

(2) more accurate incorporation of phenomena

A working hypothesis is that the internal dynamics of the system .
are more accurately represented at higher resolution

Resolving tropical instability waves
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_'Wemm_expeﬂéﬁcelunnlng models in cllmate—moe with
-mesoscale processes resolved, together with theoretical and
diagnostic efforts, to:

v improve understanding of multiscale interactions in
the coupled system -

v identify those of greatest importance and those that
require more data to understand
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entify those processes that can be parameterized, and
those that cannot



CCSM: Evolution toward an ESM

e Coupled climate-chemistry model in the next 2-3 years

restrial and oceanic biogeochemic
an ecos tri
ili s with water and

eochemical cycles m—

dels

e Explore and understand importance of upper atmospheric process
e Land use and land cover change
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FiG. 3, Yariance power spectra of wind and potential temperaiure near the tropopause from
GASP aircraft data. The spectra for meridional wind and temperature are stufted one and two
decades to the right, respectively; lines with slopes —3 and % arc entered at the same relative
coordinates for each variable for companison.
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Column Integrated Water Vapor



rice Oggorilrites

— Accuracy in global mod@ls =
:_.._T

limate extremes (heat waves, drought, floods, synoptic events, etc.)
= Climate variability (low frequency variability)

= \Water cycle, particularly in the tropics

— Potential impacts on biofuels

— Interactions of the water cycle on mitigation andiadaptatien strategy

— Amplifier on carbon cycle response to global warming
induced impacts on carbon cycle

by the system (Willsthat ch nﬁ"‘

— Melting of the Greenland and Antarctic ice sheets
= Abrupt climate change



— Ocean assimilation

= |ngesting observations
= Applied mathematics
= Rapid exploration of design space

= Computationally intensive

— Ensembles, Resolution Assimilation methodology (4-D VAR, ensemble
Kalman filters) ‘

ospheric reselution —

nology (~100km !eatureg

St parameterization technigues and assumptions
— e.g., statistical equilibrium assumptions guestionable .

= Challenge to simultaneously & accurately represent climate and weather
= Can’t necessarily rely on NWP experience for vision of path forward




~ = Climate Extremes——
. = Ahility-te-capture higher-order moments of climate

= Heat waves, growing season, drought, floods, synoptic events, etc

— Baseline resolutions need to be higher

— Demands on data storage, management, scaling of analysis teols, human
resources '

— Questions about relationships of extreme events to large scale climate
variability
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= Climate variability (low freguency. variability)
. = Separating-signal from noise (signals emerging from unforced variability)
" Stationarity of climate statistics
— Observationally limited
= |ength of instrumented record
— Limited by basic scientific knowledge -
= process understanding
— Carbon cycle

Dynamic vegetation cycles (succession)




— - Carbon cycle = —
:E=E@r-smg_te.rms.tha1;.represent mult|scale nature ofi problem
— e.g., water cycle
Need for evaluation infrastructure (accelerate prototyping process)
— Test cases
— Data for evaluation
— Staged increases in complexity
— Modularized functionality
Time to start with a clean piece of paper?

Verification tests -



AlJorliriers

= Scalable isotropic dynamical cores
= dynamicload-balancing capabilities

= Alternative vertical discretizations

= [mplicit or large time step discretizations

= Robust grid remapping algorithms —

= Assimilation methodologies
— Ocean, carbon cycle, ...
— adjoints, ensemble Kalman filters, ...

Need to address multiscale science

Error estimation techniques -
Multiscale data compression (e.g., wavelet techniques)



Productorn Quzallty Sofiyere

- gerferm'ah_c;péﬁﬂe I_-LG standard
...=_Future programming models
~ — MPI/OpenMP replacements

— Methodologies and tools required to exploit highly parallel architectures

= performance analysis tools

= libraries —
— Tools for refactoring application codes
— Language improvements

= Componentization
verification; unit testing, ...

and distipliedsanalysisiseftwere
and application frameworks
= Benefits to partnerships in development of software environment

— DOE needs to exercise more control of the broader activity
— Substantial investment in software for current and future machines a priority
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= Capacity at the order 1000 processor level is inadequate
~ = Availability-ef-machines and allocation strategies
= Data management, migration and analysis
— Suitable storage hierarchy, bandwidth, support for workflow and analysis
— Provision for dealing with both model and observationally generated data
= Allocation process (INCITE) may be suboptimal

— Programmatic deliverables subject to 2"9 proposal process
— Improved partnership between OASCR and other offices in SC

-l

— Optimally managing facility for production, high-throughput debug, and
analysis work

= Priority to evolve toward stable operating environment
— Facilitate environment for scientific productivity
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. Z  Continue-te-invest in leadership class computational facilities, data storage
facilities, analysis environments, and collaborative tools and technologies,
and carefully coordinate these resources to support climate research
productivity across the DOE and the broader national and international
efforts,

) Focus the scientific effort to pursue robust predictive capability of lower-
probability/higher-risk impacts, including climate extremes and abrupt
climate change

=

’lﬁi S| en; T , e sl ort range forecasts and Earth
system assimilation.

5. Develop a strong scientific understanding of leading-order uncertainties in
the carbon cycle, in particular how the efficiency of natural carbon sinks will
change with our changing climate.
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