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Performance limits

Average TOP500 Metrics (CPU-only Systems): Normalised Improvement Factor
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Power limits

Average TOP500 Metrics (CPU-only Systems): Normalised Improvement Factor
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Free clock Frequency scaling ->
Not anymore!
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Performance vs Efficiency

Improvement Factor Since 2011-11: Performance vs Efficiency
—— Avg Performance —— Avg Efficiency
Using average values across all systems
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Comparedto CMIP5, do ESMsnowrun 200x faster?



‘ 7a rcel a
CMIPWIP | WCRP® Q&
Coupled Model Intercomparison Project =

el
Centro Nacional de Supercomput:

The problem has grown
Bigger ensembles + More complex ESMs

= MODELED HISTORICAL =mRCP2.6 MEDIAN  =mRCPASMEDIAN  ==RCP 8.5 MEDIAN

Takenfrom
https://climatedata.ca/

S.Bordonietal. 2025
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The problem has grown
Bigger ensembles + More complex ESMs

Takenfrom
https://climatedata.ca/

S.Bordonietal. 2025

Jevons’ Paradox ->
Increased efficiency of aresource lead to higher consumption, not less
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Measuring computing costs: CMIP6
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Measuring computing costs: CMIP6
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Measuring computing costs: CMIP7

A / CMIP Task Teams / Energy Consumption and Carbon Footprint Task Team

Energy Consumption and Carbon Footprint Task Team

Onthis Page

Challenge

Objectives and Deliverables
Members

Activities

FAQs

Co-lead: Mario Acosta (BCS)

The primary purpose of the Coupled Model Intercomparison Project (CMIP) Energy Consumption and Carbon Footprint (ECCF)
Task Team, is to evaluate the energy consumption and carbon footprint of CMIP, develop appropriate target setting and
monitoring procedures, and identify potential actions for reducing impact.
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Objective
Quantify emissions related to computing the simulations (CO_eq)
CO,eq=EnergyxPUEXx Conversion Factor e PUE = HPC efficiency
e Conversion Factor from
Joules to gCO2

Energy fromrunning experiments only
Dynamic Energyi.e. withoutidle
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Objective

Quantify emissions related to computing the simulations (CO_eq)
CO,eq=EnergyxPUEXx Conversion Factor

Collect basic computational performance from ESMs Coupling
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MchOdOIOgy Modelling centres
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Country « Country Country
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Task team provides: =
Guidelines
Shared FAQ/Q&A
Direct support (mail)
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Long term
Evolution of climate models CO2 footprint and
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Power limits HPC design

Average TOP500 Metrics (CPU-only Systems): Normalised Improvement Factor

1e+06x

100000x

10000x%

1000x%

Increase factor (x)

100x

1%

e FLOPs/s

- Clock Frequency Free clock Frequency scaling ->
e CPU Cores ...-°°. 3 500 000x
......‘ performance NOt anymore!

P oc CV?f

«e"" 1 550x
Qres

17x
Clock freq.

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026

Year

Pis dynamic power

Visvoltage

Cis capacitance
fisfrequency

Multi-core over faster cores
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Power limits HPC design

: ] Share of TOP500 Systems Using Accelerators
Average TOP500 Metrics (CPU-only Systems): Normalised Improvement Factor
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Performance vs Efficiency

Implied Average Power per System from the Performance-Efficiency Gap

=& |mplied Power (Performance + Efficiency)

b Performance (ops/second)
= Power (W)
1500 Efficiency (ops/Watt)
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Performance vs Efficiency

Implied vs Actual Average Power per System (kW)

--m- Actual Avg Power (measured)
System overhead (scaling, cooling, idle power, ...)
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Performance (FLOPS) / Energy Efficiency (FLOP/Watt) Improvement Ratio Since 2011

Ratio > 1 — performance improving faster than efficiency
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