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The pretext: changes in IMO regulations
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Already estimated in Partanen et al. (2013)
 decreased ERF from -0.43 to -0.06 W/m?
* 96% deaths avoided per year



What are the open questions?

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

B North Pacific Ocean I North Atlantic Ocean Bl Philippine Sea

South Pacific Ocean Im Arabian Sea B Coral Sea C
B Indian Ocean Il Caribbean Sea Bl Seca Pacific
[ South Atlantic Ocean

40000 - - 0.6
35000 I I . o5 =
30000 - S
g -040 L
g 25000 - c
fra] U C
220000 - 03 ET
N ol = C
n 2o
# 150007 L0207 ~0.010 ~0.005 0.000 0.005 0.010
o2 o
10000 - g Absolute change in ship track occurence (per month per km?)
M B - 0.1
5000 -
0 - - 0.0
M < N O ™~N 00O O N M < 1N O N 00 OO H .
9398989888 <dddgggddgdgZgan Watson-Parris et al. (2022, PNAS) I
AN AN AN AN AN AN N AN AN N AN N N N N N N N N 2
Year



What are the open questions?

e 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 0(0.1 W/m?)
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What are the open questions?
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Status: this preprint is open for discussion.

Modeling 2020 regulatory changes in international shipping
emissions helps explain 2023 anomalous warming

llaria Quaglia and Daniele Visioni &4

Abstract. The summer of 2023 has seen an anomalous increase in temperatures even when considering the ongoing greenhouse-
gases driven warming trend. Here we demonstrate that regulatory changes to sulfate emissions from international shipping
routes, which resulted in a significant reduction in sulfate particulate released during international shipping starting on January 1
2020, have been a major contributing factor to the monthly surface temperature anomalies during the last year. We do this by
including in Community Earth System Model (CESM2) simulations the appropriate changes to emission databases developed for
the Climate Model Intercomparison Project version 6 (CMIP6). The aerosol termination effect simulated by the updated CESM2
simulations is consistent with observations of both radiative forcing and surface temperature, manifesting a similar delay as the
one observed in observational datasets between the implementation of the emission changes and the anomalous increase in
warming. Our findings highlight the importance of considering realistic near-future changes in short-lived climate forcers for
future climate projections, such as for CMIP7, for an improved understanding and communication of short-term climatic changes.




Starting point: the CESM2 LENS

a) Global sulfur shlpplng emission
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c) Sulfur shlpplng emission [2000-2007] d) Change in NOSHIP [2020-2023]
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Results: global and local RF

a) Aborbed solar radiation at the top of atmosphere
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Results: global and local RF

NET Radiation at Top of Atmosphere changes from 2000-2007 period
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Results: global and local SAT

Global mean surface air temperature change from 1981-2000
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Results: global and local SAT

b) Monthly detrended global temperature anomalies c) Probability density function
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Results: global and local SAT

a) Monthly detrended global temperature anomalies
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Wrapping up...

* Our study confirm previous findings of a TOA radiative forcing due to
the IMO regulations of 0(0.1) W/m?, globally: RF=0.2 W/m?, T=0.2 K

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

e Changes in TOA radiative forcing are mainly due to changes in cloud
optical properties
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What might be the causes?

Changes from 2000-2007
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What might be the causes?

Cloud fraction

Vertically-integrated low cloud Vertically-integrated med cloud
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c) Vertically-integrated medium cloud fraction
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What might be the causes?

Vertically-integrated droplet concentration Total grid-boXx cloud liquid water path
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What might be the causes?

. . d) Average Cloud Top droplet effective radius
Average Cloud Top droplet effective radius ) - il — 0.4
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Nifio 3.4 Index

Monthly Nino 3.4 Index
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