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Background
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• WBCs are strong poleward-flowing 
currents on the western side of ocean 
basins.

• Highly dynamic regions.

• Difficulty in making long-term 
subsurface observations -> uncertainty 
in interannual and longer variability. 

Mean net surface heat flux [W/m2] 
(Cronin et al. 2010)

WBC and extension region 
abbreviations
ARC – Agulhas Return Current 
KOE – Kuroshio-Oyashio Extension

EAC – East Australian Current
GS – Gulf Stream 
BMC – Brazil+Malvinas Currents
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Introduction

Observe WBC variability over seasonal to decadal time scales using velocity estimates 
between the surface and 1975-m computed from complementary HR-XBT, Argo, and 
satellite altimetry observations. 
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Methodology
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Salinity 
corresponding to 

HR-XBT 
measurements 
from Argo T-S 
relationships

Argo climatology 
corrects for path 

differences in 
individual HR-XBT 

transects

Argo profiles 
extend 

measurements in 
depth from 800-m  

to 1975-m

Satellite altimetry 
produces monthly 
time series from 

nominally quarterly 
HR-XBT sampling

Argo sub-surface 
velocities provide a 
reference level at 
1000-m parking 

depth

(Zilberman et al. 2018)
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Validation

EAC (Zilberman et al. 2018) Kuroshio Extension System Study

Moored data from Sloyan et al. 2016 http://www.po.gso.uri.edu/dynamics/kess/
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http://www.po.gso.uri.edu/dynamics/kess/
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Validation
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Results

WBC 
transport

WBC core

Offshore
edge
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0—1975-m depth-integrated absolute geostrophic velocity [m2/s] 
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1. Core longitude
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Core longitude: Agulhas
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Mean SLA 
during Natal 
Pulse events

Mean velocity 
during Natal 
Pulse events

Mean velocity 
during normal 
periods
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Core longitude: Kuroshio

https://www.data.jma.go.jp/gmd/kaiyou/data/shind
an/b_2/kuroshio_stream/kuroshio_stream.html

1. nearshore non-large meander
2. offshore non-large meander
3. large meander
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Japan Meteorological Agency

PX40

Onshore 
state mean 
velocity

Offshore 
state mean 
velocity

Core 
longitude 
interannual 
variability

https://www.data.jma.go.jp/gmd/kaiyou/data/shindan/b_2/kuroshio_stream/kuroshio_stream.html
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2. Annual Cycle
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2. Annual Cycle
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2. Annual Cycle
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What’s next?

Email: mlchandler@ucsd.edu 

GitHub: github.com/mlchandler

Explore links between observed WBC variability and marine heatwaves.

Further extend time series back to 1993 using satellite altimetry.

+many more opportunities to examine WBCs using these long time series of subsurface velocity.
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Key Takeaways

Email: mlchandler@ucsd.edu 

Twitter: @nz_mitch

Website: mlchandler.github.io 

Can combine complementary HR-XBT, Argo, and 
Satellite Altimetry observations to examine 
seasonal-to-decadal WBC variability between the 
surface and 1975-m.

All three WBCs demonstrate similar annual cycles 
with poleward transport stronger in the summer.

Subsurface observations allow velocity structure to 
be compared during different states of variability.
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Mean depth-integrated velocity for IX21


