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Performance vs Efficiency

CMIP5 CMIP6 CMIP7

If performance grows 
faster than efficiency 
-> 
Power must increase



Compared to CMIP5, do ESMs now run 200× faster?



The problem has grown

S. Bordoni et al. 2025

Taken from  
https://climatedata.ca/
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The problem has grown
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Jevons’ Paradox ->
Increased efficiency of a resource lead to higher consumption, not less

Bigger ensembles More complex ESMs



Measuring computing costs: CMIP6



E
ne

rg
y

Computing cost 
(core-hours)

CO2eq
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Measuring computing costs: CMIP7
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Objective
1. Quantify emissions related to computing the simulations (CO2eq)

CO2eq = Energy x PUE x Conversion Factor

- Energy from running experiments only
- Dynamic Energy i.e. without idle

● PUE = HPC efficiency
● Conversion Factor from 

Joules to gCO2
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Objective
1. Quantify emissions related to computing the simulations (CO2eq)

CO2eq = Energy x PUE x Conversion Factor

2. Collect basic computational performance from ESMs
Resolution

SYPD

I/O

Coupling



   Methodology
  Each Modelling Centre will receive:

- Private spreadsheet to fill-in

  Task team provides:
- Guidelines
- Shared FAQ/Q&A 
- Direct support (mail)

N:N

Modelling centres

1:N

15



   Outcome 
Short term

- Peer-reviewed publication
- Dashboard (TBC, inspired by ESGF Data Statistics)

Long term
- Evolution of climate models CO2 footprint and 

performance
- Identify model and/or HPC bottlenecks
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ESGF Data Statistics:
https://esgf-ui.cmcc.it/esgf-dash
board-ui/cmip6.html 

https://esgf-ui.cmcc.it/esgf-dashboard-ui/cmip6.html
https://esgf-ui.cmcc.it/esgf-dashboard-ui/cmip6.html
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  Key takeaway
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Power limits HPC design
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C is capacitance
f is frequency

Multi-core over faster cores

P ∝ CV² f

3 500 000x
performance

1 550x
cores

17x
Clock freq.



Power limits HPC design

Rise of accelerators

50%
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Performance vs Efficiency

Performance (ops/second)
                              = Power (W)

    Efficiency (ops/Watt)

CMIP5 CMIP6 CMIP7



Performance vs Efficiency

+77% System overhead (scaling, cooling, etc.)

CMIP5 CMIP6 CMIP7



24


