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Macrophysical responses are much harder to constrain observationally
Aerosol → CCN → Nd / Re → Vair → e.g. CTH
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Ship Tracks Detected from MODIS (2000-2022)

Sensitivity to visible track formation varies in time and 
space

Background: Ship Tracks 

cloud + shipping emissions ≠ Twomey 
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Ship Tracks Detected from MODIS (2000-2022)

Sensitivity to visible track formation varies in time and 
space

Background meteorology governs the cloud response to 
shipping emissions, but what exactly what variables lead to 
different effects still not known. 
 

Background: Ship Tracks 
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Background: Invisible Ship Tracks 

“Invisible” tracks deepen clouds, presumably 
through convective invigoration.
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Background: Invisible Ship Tracks 

Shipping 
emissions are 
preferentially 
advected into 
clouds that 
are already 
deepening.

“Invisible” tracks deepen clouds, presumably 
through convective invigoration.

Do ship track vertical profiles show evidence of 
convective invigoration, convective inhibition, or 
preferential advection?
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Methods

1. Use AIS data off California Coast in January 
(low ship track month) and July (high ship 
track month)

2. Advect emissions (HYSPLIT)

3. Co-locate advected “tracks” with EarthCARE 
(daytime, descending)

4. Examine vertical profiles and velocities against 
background state (CPR Products)
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Liquid Water Content Profiles
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In almost all cases, reductions in LWP 
and lower center of mass in ship tracks

• Consistent with entrainment-related drying

• Except: older, July ship track

• Except: young January ship tracks

Liquid Water Content Profiles
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A Process-Based Approach

8.3%
n = 22

No single profile looks like the median profile 



EarthCARE 2026 Science and Validation Workshop | 8 – 12 June 2026 | Rhodes House | Oxford, UK 19

A Process-Based Approach
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A Process-Based Approach

8.3%
n = 22

Deepening 
of Sc layer

Smaller 
droplets

What we would 
expect with 
convective 
invigoration
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Discussion

Convective invigoration appears plausible at least 
some of the time

§ Tippett et al., (2024) argue for “weak” LWP effect

EarthCARE may allow us link these in these 
processes by which ship track perturbations give 
rise to macrophysical changes in cloud structure

Aerosol → CCN → Nd / Re → Vair → e.g. CTH
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Final Thoughts

A workflow to co-locate moving point 
source emissions with EarthCARE

More information on data products, their 
utility & limitations in stratocumulus

Early Career Event 

6:00pm Glass Pavilion


