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Caribbean Through-Flow is a chokepoint for
both AMOC return flow and subtropical gyre recirculation



Atlantic
Meridional
Overturning
Circulation



Why is the AMOC important?

Heat Transport:
Responsible for ~25% of the 
northern hemisphere’s 
northward atmospheric-ocean 
heat transport at 26.5°N

(Johns et al. 2002)



Why the Caribbean?

Start of the upper 
limb of the AMOC
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(Johns et al. 2003; Rhein et al. 2005)



Why the Caribbean?

• Question 
around/evidence 
for AMOC slowdown



Wilson and Johns, 1997; Johns et al. 2002
Observations: 1991-2001

Caribbean Through-Flow is significantly 
under-sampled!

Kirchner et al. 2008
Observations: 2002 & 2005



~20 years
No transport observations in the Caribbean Through-Flow in 20 years



4 glider deployments

>2700 kilometers sampled

>130 days at sea

Since September 2020



Heat/salt flux of the Caribbean through-flow largely 
determined by its role as location where water 
masses from the North & South Atlantic mix

Generally

North Atlantic:
Warmer and Saltier

South Atlantic:
Colder and Fresher



Glider observations in passages spanning north to 
south, a large gradient in water mass properties

(Zhang et al. 2003)



Dominica Passage

Anegada Passage

St. Lucia Passage

St. Vincent Passage

Glider observations in 
passages spanning north to 
south, a large gradient in 

water mass properties



Windward Island Passage 
Monitoring Program

(WIPP)
1991-2001



Glider (2020-2023)

versus

Windward Island Passage Monitoring 
Program
(WIPP)

(1991-2001)

Observations of Change



Upper ocean warming

Salinification of 
Salinity Max Waters

• Limited deployments

• End-members/no ability to 
determine trends

• Does not capture bulk of 
Caribbean Through-Flow



+



Leveraging glider data + all other T/S profiles 
in the Caribbean Through-Flow

EN4 Database
>28,000 profiles

Gradone et al. In Review: Nature Comms. Earth & Environ.

Comprehensive 
Water Mass 

Analysis



Observations of water mass changes
1. Warming

~0.2°C decade-1

2. Surface 
freshening
~0.13 g kg-1
decade-1

3. Subsurface 
salinification
~0.05 g kg-1
decade-1

4. Surface density 
reduction
~0.17 kg m-3

decade-1

5. Increased 
stratification
20x global trends

Gradone et al.
In Review: Nature Comms. Earth & Environ.



Gulf Stream Trends
in upper 250 m:

(Todd and Ren 2023)
0.5-0.7°C decade-1 0.1 g kg-1 decade-1 0.1 kg m-3 decade-1

Gradone et al. In Review: Nature Comms. Earth & Environ.



Implications for:

1. Sea-level rise

2. Tropical cyclone activity

3. Biodiversity

4. Downstream water 
mass formation

Gradone et al. In Review: Nature Comms. Earth & Environ.



ABC2DR Pilot Climate LineClimate Line Monitoring with 
Next Generation Gliders



Thermohaline Staircases
Salt Fingering
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Summary

1. Improving methods for measuring island passage transport

2. Caribbean Through-Flow
1. Changes in water mass properties
2. Water mass modification processes
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