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Preregister a study 
analysis plan in order 
to avoid repetitions

#1



Only run the preprocessing 
and analysis steps that you 
need

#3



Publicly share sufficient data to 
ensure it is FAIR (Findable, 
Accessible, Interoperable, Reusable), 
but consider the extent of what 
others will actually need or use

#8



Make use of existing 
preprocessed data when 
possible, instead of acquiring 
and processing new data

#9



Dark Data & Junk Data

Dark data - Potentially usable data that is poorly 
indexed, and becomes functionally invisible over time.

Junk data - Data that is useless (often intermediary 
files) that takes up unnecessary space.



fMRIPrepCleanup

5.07GB x 257 = 1.3 TB



Measuring and reducing 
the carbon footprint of 

fMRI preprocessing
in fMRIPrep

Reducing Use:
Case studies from 

neuroimaging





Carbon Emissions

(CPU + RAM energy)
x

Power use effectiveness
x

Carbon intensity 





The Data

1 run of a stop signal task 
for 257 subjects

UCLA Consortium for 
Neuropsychiatric Phenomics 
LA5c Study



Measuring Performance



fMRIPrep pipeline variants

P0: Baseline

P1: No FreeSurfer 
surface reconstruction

P2: ‘Sloppy’ testing 
mode

P3: Low memory 
mode

P4: Add surface 
output space P5: ICA-AROMA

P6: Fieldmap-free 
distortion correction

P7: Increased output 
space resolution



-48% -44%

-6% -4%

+3%
+22%

+70%
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P7 - High Resolution
12.7 kg = 73 miles 

Southampton
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Disable FreeSurfer surface reconstruction (--fs-no-reconall) if 
reconstruction files are not required.

Only when testing the feasibility of a pipeline, use ‘sloppy’ 
registration (--sloppy).

Implement low memory mode (--low-mem).

Implement ICA-AROMA (--use-aroma) if needed.

Be aware that fieldmap-free distortion correction technique (--use-
syn-sdc) can both increase emissions and degrade data quality.

Refrain from using high-resolution volumetric output space templates 
(--output-spaces MNI152NLin6Asym:res-1) unless necessary.

Recommendations for fMRIPrep



Comparing the carbon 
footprint of fMRI data 

processing and analysis 
approaches

Reducing Use:
Case studies from 

neuroimaging





Comparing Pakcages

How does the footprint of 
computing vary across FSL, 
SPM, and fMRIPrep?

Do higher emissions correspond 
with higher quality output?



Carbon Emissions by Package

SPM = 1.3x FSL

fMRIPrep = 30x FSL

fMRIPrep = 23x SPM



Statistical Sensitivity by Package
fMRIPrep = 1.1x FSL
fMRIPrep = 1.2x SPM
FSL = 1.1x SPM
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Recommendations

• Use of high-compute tools (like fMRIPrep) should not be 
demonised if they provide scientific gains

• When looking for robust effects, low-compute tools (FSL, 
SPM) may be sufficient

• Tool developers should work to reduce energy usage of 
preprocessing, providing ‘carbon-minimal’ flags. We need a 
balance between sustainability, performance, and usability
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Internationally:
Germany
France
Taiwan
Canada
Poland
Spain

Upcoming
Neuroimaging Green Computing

Roving Workshops

Context on the 
scale of impact

Evidence-based 
recommendations

Interactive tool 
demonstrations

The future of 
computing

Green computing 
resources

London









THANK YOU!
F O R  Y O U R  A T T E N T I O N

@NickSouter

N.Souter@sussex.ac.uk


