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The pretext: changes in IMO regulations

Already estimated in Partanen et al. (2013)
• decreased ERF from -0.43 to −0.06 W/m2

• 96% deaths avoided per year

Figure from 
MARPOL Annex VI 
Fuel Sulphur Limits
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What are the open questions?

• Can we detect compliance to the regulations by observing changes in ship 
tracks?

Watson-Parris et al. (2022, PNAS)
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What are the open questions?

• Can we detect compliance to the regulations by observing changes in ship 
tracks?

• Can we quantify what global effect they would have on RF?
• most studies agree on O(0.1 W/m2)

• Can we attribute any of the observed 
climatic changes in the last few years to 
the IMO regulations? How would we do 
it?
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What are the open questions?
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Starting point: the CESM2 LENS

CESM2 Large Ensemble (LENS2) 

• Historical: pre-2014,
50-member ensemble

• SSP3-7.0: post-2014, 
 50-member ensemble

• NOSHIP: 10-member 
ensemble, SSP3-7.0 with 90% 
drop in SO2 emissions 
suddenly in 2020
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Results: global and local RF
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Results: global and local RF
NET Radiation at Top of Atmosphere changes from 2000-2007 period

• RF = 0.2 W/m2
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Results: global and local SAT

• 𝛥𝛥T = 0.2 K 
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Results: global and local SAT
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Results: global and local SAT
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Wrapping up…

• Our study confirm previous findings of a TOA radiative forcing due to 
the IMO regulations of o(0.1) W/m2, globally:  RF = 0.2 W/m2, T = 0.2 K

• The warming anomalies observed in August-December 2023 in Berkley 
can be partially attributed to the IMO regulations 

• Changes in TOA radiative forcing are mainly due to changes in cloud 
optical properties





What might be the causes?
Changes from 2000-2007

Changes due to Shipping emissions change in from 2020-2023
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