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Interannual ocean variabllity in this region is strong!
Meyers (1996) showed it is as large at the annual cycle
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Analysis

« data are all quality controlled by expert inspection
and vertically filtered to a 5m grid

 mean and seasonal cycle fitted on a 50km grid along
each XBT line to a quadratic spatial and seasonal
harmonic model — care was taken to avoid mixing
data across island chains

* residuals from the seasonal cycle were remapped
with resolving timescales > 9 months

» density found using the CARS seasonally varying T/S
relationship

* geostrophic velocity calculated relative to 750m or the
bottom along each line

 Ekman velocity based on NCEP winds was linearly
distributed over the mixed layer diagnosed from the
XBT data
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Latitude

Temperature variablility off Shark Bay, WA.
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EOF 1 of Velocity Anomaly at IX1 — 48.3%

= OF amplitude

IX1 EOF 1 Velocity Pattern

0.1

| *Eq. Indendava s,
005
100+ -
200+ 0.04
1985 1990 1995 2000 2009 _ a00) | b qo.02

e tracks wind-stress in the Equatorial ;e;i s
Indian and Java wave-guide S 400/ 1 Woe
« dominated by Indian Ocean Dipole 500 1
e during cold phase — drop dynamic 600 008
height off Java -> Throughflow ool | "

increases = 10

Latitude

« note the reversal at depth (Y

AGU 2008



EOF 2 of Velocity Anomaly at X1 — 20.8%

IX1 EOF 2 - 20 8% variance

» tracks wind-stress in the Equatorial %
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Total transport variability

IX1 EOF 142-65 % transport variance
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Total transport variability - La Nina

|IX1 EOF 1+2 - 65.0541% transport variance

Transport (Sv)

La Nina ITF +




Total transport variability
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Comparison with INSTANT
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» Estimated 20 years of geostrophic upper ocean transports from
repeat XBT lines across the Indonesian Throughflow

* Interannual variability is £+4Sv, rough but not perfect agreement
between two independent lines.

 Velocity variations associated with remote wind changes are
consistent with Kelvin/RW propagation

* Velocity response to Indian and Pacific winds have distinctly different
structures

» At IX1 Indian Ocean IOD winds dominate transport variability, though
Pacific ENSO wind-changes are also important

* transport cancellation via the modulation of the Walker circulation is
also observed as described by Lee et al. 2007
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‘“mo Seasonal cycle of upper ocean temperature
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Seasonal cycle of upper ocean temperature
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v 4l Tracking ACC frontal movements
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Contribution of cold-core rings to heat budget
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‘“m' Eddy heat flux from altimetry and XBT

CSIRO

Latitude

0 200 400
() v I::::|:|st)2

Morrow et al., 2003



CSIRO

Temperature — baroclinic transport relationship
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Transport variability
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‘mm! Transport time series from XBT and altimetry
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Causes of Southern Ocean sea level rise

difference
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‘“m' XBTs reveal steric changes in upper ocean
explain only 1/3 of observed sea level rise
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Measured parameters:

-SST, salinity
-meteorology
-Chlorophyll -a

s -Macronutrients |
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Astrolabe !
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‘“m' A Southern Ocean Observing System:
A Legacy of the International Polar Year
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‘“m! SOOS: Repeat hydrography/tracers and SOOP
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‘“m! SURVOSTRAL achievements

Determined seasonal/interannual variability in upper
ocean thermal structure (heat content, mixed layer
depth), resolving narrow fronts and eddies.

Resolved variablility of fronts and transport.
Estimated of eddy heat flux.
Contribution of deep ocean to SSH trends.

Integrated observations of ocean physics, biology
and biogeochemistry and air-sea interaction.

Exploited synergy between CTD, XBT, altimetry,
Argo.



CTD vs Argo vs XBT

CTD Argo XBT
Spatial good along- | coarse, excellent
resolution track broad-scale | along-track
Temporal hopeless excellent good
resolution
Depth Full-depth | 0-2000m | 0-700 m
coverage
Variables everything T, S (02) T
measured
Cost per $10-50k $100 $500
profile

— Complementary components of an ocean observing system
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2003-04 Silicate 2002-03 Silicate
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Bloom dynamics at mid latitude (53- 60°S)

The late bloom in 2002-2003 was associated with
relatively warm, very low salinity water

This water had low nutrient concentrations.

Waters to the south did not show the normal summer
bloom pattern.

A bloom developed only after nutrient concentrations
Increased.
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