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IMOS acknowledges the Traditional Custodians and Elders of the land and

sea on which we work and observe, and recognise them as Australia’s
first marine scientists and carers of sea Country. We pay our respects to
Aboriginal and Torres Strait Islander peoples past and present.




What is Argo Australia?

Argo Australia is a national collaborative, research infrastructure, funded by the Australian Government.

1. National 2. Collaborative 3. Research Infrastructure
 National Collaborative « CSIRO (lead operator) « Systematic and sustained
Research Infrastructure _ observing of the marine
Strategy - Department of * IMOS (lead funding agency) environment
Education . BoM
 Open data access for
« Deploying and operating floats .  AAPP operational applications,
all around Australia and in the scientific research, and other
Southern Ocean * AGO (Defence) purposes
* ... plus many supporting

agencies (including ARC and
Australian Universities)

National Research PN
Infrastructure for Australia @\ QH%T‘E‘C‘H%N o
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How has Argo Australia changed with
support from IMOS?
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Before IMOS

* First Australian deployment 21 October 1999

Deployed112 floats

» 4% of the global ocean sampled®

» 6% of the S.H. ocean sampled”

« Maintain 92 operational floats

» Australia delivered ~6,000 profiles
» Global Argo delivered ~230,000 profiles
* Core Argo (T/S)

® Profiles (n=6156) e Deployments (n=112)

® Operational (n=92)
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Before IMOS

» First Australian deployment 21 October 1999

Deployed112 floats

» 4% of the global ocean sampled*

* 6% of the S.H. ocean sampled*

« Maintain 92 operational floats

» Australia delivered ~6,000 profiles
» Global Argo delivered ~230,000 profiles

» Core Argo (T/S)

® Profiles (n=6156) e Deployments (n=112) @ Operational (n=92)
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1230 floats (+1120)

49% of the global ocean sampled* (+45%)

79% of the S.H. ocean sampled* (+73%)

Maintain 300 operational floats (+208)

Australia delivered ~270,000 profiles (+263,000)
Global Argo delivered ~3.6 million profiles (+3.3m)
Core Argo (T/S) + BGC Argo + Deep Argo

111 floats with Oxygen, 34 floats with Fl

17 deep floats (+12 leveraged for Antarctic basin)

Profiles (n=269899) @ Deployments (n=1230) <] Operational (n=300)
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Our footprint
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How do our floats perform?
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Percentage survival
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Our float performance
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Number of floats

« Australian floats return ~230 profiles over ~6.5 years
« All others combined return ~165 profiles over ~4.5 years
« Australian floats out-perform international benchmarks

1 2 3 4 5 6 7 8 9 10 11 12
Float life (years)

100 T T T L oo year (Global dividéd by 10)
- Bold = Australian | £ 60
Dashed = Others (XAU) =7
80 - 100 FT E
g 80+ .
> 60+ _
10 3 a0l |
:59- 20 - —— AUStralia i
60 ] (b) Longer than 3 years | l . | . |Global AU
108 1 I I I | I I | I | I -
50 - T 80 .
S 60t .
40 . @ 40f -
R 20t -
30 ] 9 (c) Longer then 5 years . l . L .
_ 1007d) Longer thah 7 years ' ‘ i ' i ' .
20 — | |
> 60 -
= 2001-2008 (n=168, 3948) ~ _ 5 Lol |
10 | == 2009-2016 (=385, 3977) ~ £ 20l |
e 2017-2024 (=309, 3793) | | ,
02001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021

O 1 1 1 1 1 1 1
0 i | 2 3 4 5 6 7 8 9 10 11 12 Year of deployment

Years



What are we doing right?
« Careful testing

« Conservative pre-deployment action
* Diversified fleet

« Comprehensive and attentive operation

... a testament to our team.
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Our International Leadership ... building community
... promoting best practice

(Over the last 20 years, the Argo Australia team have served as: )
* Argo Steering Team Co-Chair (Susan)
* Argo Data Management team Co-Chair (Anne Thresher)

- plus many other terms on mission and steering teams. )

4 We initiated and co-lead an Argo Delayed- ) We initiated and co-lead an internationa\l
Mode Quality Control Discussion Series technical community of practice

% Argo Technical CoP

a place for collaboration and knowledge sharing

Meeting 25

March 2026, 12am-2am (HBA)

Agenda:

« Christine Boone: Altimetry data plots

* Matthew Alkire: Continued discussion of D-Traj files

 Birgit Klein, Cecile Cabanes, Tatiana Rykova: TBTO follow-up

Meeting 24

30 January 2026, 4pm-6pm (HBA)

Agenda:

* Deb West-Mack: Looking at Trajectory Files
* Delphine Dobler: Audit of neglected profiles

Action 24.1: DMQC Community needs to agree on quality targets for
DTraj files (Recall: "Perfect is the enemy of good enough")

Action 24.2: Code and instructions have been shared (thanks Deb) ...
let's get started!

o




Real-time float management ... an example of best practice delivering real benefit

« Sometimes a float develops a technical issue.

» One example, is when the air bladder malfunctions ... so the float can’t properly pop up out of the
water to send data.

« If we don’t know ... or we don't notice ... we just don’t receive data ... it's lost.

 If we notice, we can manage the float mission to extend the life of a float.

’ A
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Real-time float management ... an example of best practice delivering real benefit

Example log from our Python
Real-Time (PyRT) data
processing system

... called PyRT

159
180
161

162
163
164
165
166
167
168
1689
170
171

172
173
174
175
176
177
178
179
180
181

182
183

-57417
-57610
-57.802
-57995
-568.190
-58.069
-57958
-57.847
-57734
-57.6816
-57508
-57399
-57291
-57182
-57073
-56.964
-56.856
-56.748
-56.635
-56.570
-56.385
-56.260
-566.135

118.561

119.893
120225
120.556
120.892
121.429
121.926
122,420
122.918
123.446
124.325
125.215
126.105
126.994
127.884
128.769
129.656
130.539
131.456
131437
131.419

131.400
131.381

2024-05-27T08:58:02Z
2024-06-06T2:07:41Z
2024-06-16T15:34:427
2024-06-26T18:27:09Z
2024-07-07T08:41:347
2024-0717T22:55:562
2024-07-28T01:09:69Z
2024-08-07T01:49:00Z
2024-08-17T05:11:50Z
2024-08-27T22:65:33Z
2024-09-06T22:14:1Z
2024-09-17T01:36:07Z
2024-09-27T04:55:062Z
2024-10-07T08:07:32Z
2024-10-17T11:32:06Z
2024-10-27T13:37:482
2024-1-06T16:02:67Z
2024-M-16M727:422
2024-M-27T08:41:432
2024-12-07T07:53:572Z
2024-12-17T092:05:31Z
2024-12-27T12:03:32Z
2025-01-06T14:02:57Z
2025-01-16T13:08:252

2025-01-26T16:48132

L1
L1
L1
L1
L1
L1
L1
L1
L1
L1
L1
L1
L1
L1
L1
L1
L1
L1
L1
L1
L1
L1
L1

1991.5

1983.9
19855
1989.8
1985.2
1993.4
1992.0
1989.3
1985.9
1989.6
1991.8
1987.8
1985.3
1983.7
1985.9
1988.0
19855
1983.7
1989.4
1984.0
19891

1983.3
19891

1985.8

1983.2

4.2
4.4
4.3
4.3
4.5
4.3
26
41

4.3
4.3
4.4
4.2
4.3
4.3
4.3
2.8
4.2
4.4
4.2
4.4
4.2
4.3
4.2
4.2

4.3

995
991

992
994
992
996
996
994
992
994
995
8993
992
991

992
994
992
991

994
991

994
991

994
992
991
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.50
.43
.41

.40
.42
.40
.41

11.40
.40
.41

1Mn.42
.38
.39
.41

.40
11.40
11.40
11.35
1M.37
1M.36
1M.33
.29
.21

.21

.04
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Real-time float management ... an example of best practice delivering real benefit

Data f ‘i il 159 57417 119567 2024-05-27T08:58:027 L1 19915 42 995 7 1150
ata Tor consecutive protiies 160 57610 119.893 2024-06-06T12:07:41Z L1 19839 44 991 7 1143
161 -57.802 120.225 2024-06-16T15:34:427 L1 19855 43 992 7 1141
162 57995 120.556 2024-06-26T18:27:09Z L1 19898 43 994 7 1140
163 -58.190 120.892 2024-07-07T08:41:34Z L1 19852 45 992 7 1142
164 -58.069 121429 2024-07-17T22:55:567 L1 19934 43 996 7 1140
165 57958 121926 2024-07-28T01:09:59Z L1 19920 26 996 7 1141
166 57847 122420 2024-08-07T01:49:00Z L1 19893 41 994 7 1140
167 57734 122.919  2024-08-17T05:11:50Z L1 19859 43 992 7 1140
168 57616 123.446 2024-08-27T22:55:337 L1 19896 43 994 7 1141
169 57508 124.325 2024-09-06T22:14:21Z L1 19918 44 995 7 1142
. 170 57399 125.215  2024-09-17T01:36:07Z L1 19878 42 993 7 1138
Italics ... means there was no
. . 171 57291 126105 2024-09-27T04:55:06Z L1 19853 43 992 7 1139
GPS fix ... meaning that the
oy 172 57182  126.994 2024-10-07T08:07:32Z L1 19837 43 991 7 141
f loat didn’t sur, f ace and 173 57073 127.884  2024-10-17T11:32:05Z L1 19859 43 992 7 1140
transmit properly ... but data 174 -56.964 128.769 2024-10-27T13:37:48Z 11 19880 2.8 994 7 1140
was later received by putting 175 -56.856 129656 2024-11-06T16:02:57Z L1 19855 42 992 7 1140
: 176 -56.748 130539 2024-N-16T17:27:42Z L1 19837 44 991 7 135
the float into a recovery mode.
177 -56.635 131456 2024-11-27T08:41:43Z L1 1989.4 42 994 7 137
178 _56.510 131437 2024-12-07T07:53:57Z L1 19840 44 991 7 1136
179 -56.385 131419  2024-12-17T09:05:31Z L1 19891 42 994 7 1133
180 -56.260 131400 2024-12-27T12:03:327 L1 19833 43 991 7 1129
181 -56.135 131381  2025-01-06T14:02:57Z L1 19891 42 994 7 121
182 - - 2025-01-16T13:08:257 C 19858 42 992 7 .21
-~
183 - - 2025-01-26T16:48:13Z C 19832 43 991 7 1104 - :
- Integrated Marine
Observing System
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Real-time float management ... an example of best practice delivering real benefit

Data for consecutive profiles §

Green is normal operation

We would have lost a lot of data

120.892

123.446

131.456

131.381

2024-07-07T08:41:347

2024-08-27T22:55:33Z

2024-1M-27T08:41:43Z

2025-01-06T14:02:57Z
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Real-time float management ... an example of best practice delivering real benefit

Status history [add]
User Status Motes
roger Fauilt Air leak
roger Fault Recovery made on to return outstanding files
roger Fault Recovery mode disabled
2023-08-16 22:12:50 roger Marmal operation Recovery for outstanding files completed.
2023-10-08 22:27:51 gabi Normal operation Put in recovery mode for & hours to get a GPS fix
72-17-NR 71:4R:R7 FrnaF Narmal nnaratinn Fila rarnvarviGDS fiv dane
L1 = i

3400
3200
3000 :
o
2800 ‘e
%
.
Lo Voltage Battery ey,
Count .
2400
2020 2021 20p2 2023 2024 2021
’ < mos
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Real-time float management ...

Status history [add]

Date
2021-11

2022-01-18 21:57:46

2022-01- N5:48
2023-08-16 22:12:60
2023-10-08 22:27:51

MNIA17-NR M:ARIRI

User
roger
roger
roger
roger
gabi

Fiwiér

Status

Fauilt

Fault

Fault

Narmal operation
Normal operation

Marmal nnaratinn

MNotes

Air leak

Recovery made on to return outstanding files
Recovery mode disabled

Recovery for outstanding files completed

Put in recovery mode for & hours to get a GPS fix

Fila rarmverdGRS fiv dnne

3000

2800

Lo Voltage Battery
Count

2400

2020 2021

20p

2 2023

an example of best practice delivering real benefit

extending

* In this example, we nursed the float three years ...
the float life from 2 years to 5 years.

» We've done this for over 20 floats so far ...

2 2000 profiles ...

rescuing about

equivalent to over 40 years of data.
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Sustained investments in people and
systems pays off
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Application of Argo data
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Depth (m

Quantifying deep ocean warming
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Argo floats measure ocean warming ... no models, no complicated assumptions, just observations.

Sourced from: https://wwwZ2.whoi.edu/site/arqo/impacts/warming-ocean/, , s
—

S
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based on Roemmich and Gilson (2009)
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https://www2.whoi.edu/site/argo/impacts/warming-ocean/
https://www2.whoi.edu/site/argo/impacts/warming-ocean/
https://www2.whoi.edu/site/argo/impacts/warming-ocean/
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. . | combining Ar3% tlo 4 Covariances
Ocean forecasting and reanalysis -
e Argo is the only ocean observing platform with global coverage :"fﬁ”~ o——

that provides sufficient data to initialize ocean forecasts.
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Understanding ocean biogeochemistry

£ —
~ 1008 2235.81.00.003
Temperature 2§ )
o 3
= 2035.60.60.002 @
=)
Salinity = 18 35.4 0.5 0.001 §
n
16 35.2 0.008
Chlorophyll = 1435.0 0.2 0.005
E
1234.8 0.002=
Backscatter 2 2
il QAT IR 2 o 1034.6 0.1 0.001 .
3005 T PPy 0 BT S b The breadth of studies
Sep Oct . .
using BGC Argo data is
Comparison of physical and biogeochemical properties of a cyclonic and massive!

Strutton et al. (2023)

Integrated Marine
Observing System

anticyclonic eddy in the Indian Ocean, observed by BGC Argo. ,9
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Deep Argo pilot experiment in -
Australian-Antarctic Basin

0.22
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65°S
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Deep Argo floats measuring Southern Ocean change through the full ocean depth

o
w
~

70°S

Supported largely by AAPP; IMOS-funded floats to be deployed next year St S— o o
Demonstrated feasibility of Deep Argo deployments in sea ice zone (one float is HO e ; 2 . _
7+ years old and still going!) 4505 R ‘;5 ikl L3052
>1700 profiles between 2018 and 2023, tripling number of deep profiles in the “@Eﬁ L e gg
basin and a ten-fold increase in winter data eses{ X . K\Mﬁm\ 34.84§
Revealed pathways and properties of Antarctic Bottom Water (AABW) 7S e 140° 160°E 34.83
Quantified rapid change in the deep ocean (above) Bottom temperature and salinity of
Improved estimates of ocean warming below 2000 m AABW from Deep Argo (Foppert et al. 2021)
Identified new sources of Antarctic Bottom Water Abyssal ocean warming driven by Antarctic overturning slowdown

Year: 2050

(right) Movie of projected deep
warming and slowing of overturning

2000-2050 from model study of Li et al.
(Nature, 2023) Temperature anomaly below 4km ["C]I 01980 1990 2000 2010 2020 2030 2040

<-0.2 -0.1 0.0 0.1 >0.2

Antarctic overturning




Argo Australia under ice

10/20 7121 10121 4/22 7122 0/22
" L 10p R p
‘E 500
-
Q C tive t t C
2 - Dehman Sl e Shackleton
cavity | - ice shelf
0 e T P e B et ;
= St ool ——— == M
% Circulation and ocean-ice shell interaction beneath the
. DtnmanaT.Sia:lil-ﬁ-TI:-S'Ld.u:__”H_u_I
’E\ 500 ‘ % T & B 7, d
s . | Australia has deployed over 200
S 1000 floats south of 60°S, with 44 floats

" deployed on the Antarctic
| continental shelf.

60 80 100 120 140 160 180 200 220

Profile number
(a) Temperature and (b) salinity, for a float that drifted ~300 km i
under ice over 2.5 years s - :
... showing Circumpolar Deep Water penetrating the Denman cavity; _|' e '
... the Shackleton ice shelf cavity dominated by colder water 2>

= Average float life underice is
] almost 6 years.

© AUSTRALIA [140) *  GERMANY [82) *  NEW ZEALAND (5)
weaker melt rates. *  canabaq) ' INDIA4) * uks2)
Rintoul et al. (2025) * cHmaqo) * maw (s3) * usapn) @ s
*  EUROPE (22) ® aPAN (17) Integrated Marine
. — Oz:hsen.ting ISystem

FRANCE (50) " NETHERLANDS (18} CELEBRATING 20 YEARS
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The breadth of applications informed by
Argo — particularly by Deep and BGC Argo
— is growing every year
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A comment on the benefits and risks of
being part of an international Program
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What keeps me up at night ...
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What keeps me up at night ...
 Our dependence on US Argo
 How can Argo Australia respectfully and efficiently
engagement with Traditional Owners?
... we potentially sample every Sea Country

,
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Monitoring climate variability

US Argo are the biggest supported of Argo ... over 50%.

Up to 95% of Argo floats in the tropical Pacific are US-operated.
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To demonstrate the importance of Argo in the Tropical Pacific,
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and to understand our dependence on US contributions ...

* Simple analysis system that combines Argo and TAO
*  Weekly, gridded fields of T & S for 5 years
* Comparison of analysis with and without US Argo data

% US profiles
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US Argo are the biggest supported of Argo ... over 50%.

Up to 95% of Argo floats in the tropical Pacific are US-operated.
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% US profiles
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 To demonstrate the importance of Argo in the Tropical Pacific,
and to understand our dependence on US contributions ...
* Simple analysis system that combines Argo and TAO
*  Weekly, gridded fields of T & S for 5 years
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* Comparison of analysis with and without US Argo data
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* Loss of so much data will lead to degraded estimates of Ocean sl
Heat Content in the Pacific, with errors exceeding 40% of the
variability. P
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Monitoring climate variability

US Argo are the biggest supported of Argo ... over 50%.

Up to 95% of Argo floats in the tropical Pacific are US-operated.
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To demonstrate the importance of Argo in the Tropical Pacific,
and to understand our dependence on US contributions ...

* Simple analysis system that combines Argo and TAO

*  Weekly, gridded fields of T & S for 5 years

* Comparison of analysis with and without US Argo data

Loss of so much data will lead to degraded estimates of Ocean
Heat Content in the Pacific, with errors exceeding 40% of the
variability.

Implication ... we risk not being able to monitor ENSO.
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Conclusion and Summary

Argo Au St ra | ia iS a N ati on aI pa rtn e rshi p ® Profiles (n=269899) @  Deployments (n=1230) @®  Operational (n=300)
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We’ve deployed over 1230 floats and collected over 270,000 profiles. ol

We maintain an operational fleet of ~300 floats, delivering data in
near-real-time to support operational applications.

We've carefully quality controlled the entire fleet ... revisiting every — 8%+ 55t o0° 1356 180° 135°W 90°W 45°W  0°
float every 12 months ... guaranteeing a research-ready data stream.
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Conclusion and Summary

Argo Australia iS a National partnershlp o Profiles\(nl=269f399) ';‘ Dleployment's (n=12301) @ Operationall (n=300)
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We’ve deployed over 1230 floats and collected over 270,000 profiles.

We maintain an operational fleet of ~300 floats, delivering data in
near-real-time to support operational applications.

We've carefully quality controlled the entire fleet ... revisiting every “E00°E 135°E 180° 135°W 90°W 45°W
float every 12 months ... guaranteeing a research-ready data stream.
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\ | Ourfloats last ~6.5 years ... ahead of international benchmarks of ~4.5 years
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... success we attribute to careful pre-deployment testing, active float
management, and an intentionally diversified fleet.
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Percentage survival
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~ Our team are leaders in our community ... Australia has an important an
' ongoing role to play to maintain and grow our impact.
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Conclusion and Summary

Argo Australia iS a National partnership © Profiles (n=269899) 5 Deployments (n=1230) [ J Operational (n=300)
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We’ve deployed over 1230 floats and collected over 270,000 profiles. ol

We maintain an operational fleet of ~300 floats, delivering data in
near-real-time to support operational applications.

We've carefully quality controlled the entire fleet ... revisiting every ) 45 90°E 135°E 180° 135°W 90°W 45°W  0°
float every 12 months ... guaranteeing a research-ready data stream.

o NN - Our floats last ~6.5 years ... ahead of international benchmarks of ~4.5 years
o X .. success we attribute to careful pre-deployment testing, active float
§ % management, and an intentionally diversified fleet.
!  Our team are leaders in our community ... Australia has an important an

\
— 2001-2008 (n=168, 3948) ~ -
10 | === 2009-2016 (n=385, 3977) ~
2017-2024 (n=309, 3793)

| ongoing role to play to maintain and grow our impact.

0 1 2 3 /l 5 6 7 8 9 10 11 12
Years

Our data informs a broad scope of research, and underpins a wide
range of operational services, delivering actionable societal benefit.
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Metric

Fleet

Australia Global

Total number of floats®
Total number of Argo floats®
Number of dead Argo floats®c

Average number of profiles per float®c
Median number of profiles per float®®
Average number of years of survival®¢
Median number of years of survival®*

Percentage of floats with zero profiles®*
Percentage of Argo floats with <10 profiles®*
Percentage of Argo floats with <30 profiles™

1,228 19,914
1,090 15,233
758 10,962
235 175
252 165
6.07 455
6.73 4.36

1.52%  2-2.4%
0.92% 2.04%
3.03% 6.79%

* Fewer failures. Longer lifetimes. More data.
Australian-operated floats outperform global benchmarks ... delivering value to
funders, partners, and stakeholders.

 No unplanned outages.
Real-time data delivery you can rely on ... trusted by the operational community.

* 98% DMQC complete.
Climate-quality, research-ready data ... available and accessible.

@ Using operational and dead floats.
Floats are “dead” if they haven’t
returned any data since the end of 2024.
b Using only Argo floats that run the 10-
day cycle and deliver data in NRT.

¢Using only dead floats.
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Geophysical Research Letters

mistascw Levren Spatial Varfabllity of Antarctic Bottom Water

Quantifying climate change by sampling the = St=t&wT™
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65°5- _ 34.84 % .. tripling the number of deep profiles in the region
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. s < ... and increasing the number of winter profiles by
(b) Salinity AR, a factor of 10.
70°S 34.83

120°E 140°F 160°E

Mean (a) temperature and (b) salinity of Antarctic Bottom Water, measured by
an array of 12 Deep Argo floats over a 2-year period. Pixels represent area-
averages over each 2x1° box; regions with >5 profiles outlined in black.
Foppert et al. (2021)
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NCRIS "s

National Research

Australia’s Integrated Marine Observing System is enabled by the National Collaborative

Infrastructure for Australia Research Infrastructure Strategy (NCRIS). It is operated by a consortium of institutions
An Australian Government Initiative as an unincorporated joint venture, with the University of Tasmania as Lead Agent.

PRINCIPAL PARTICIPANTS

MACQUARIE UW

Universi ty SYDNEY

UNIVERSITY of y)/4
TA S M A N I A AUSTRA}A\:\I\NS\‘IITU‘IE Australian Gov;ernment
Australian Government OF MARINE SCIENCE
(Lead Agent) Bureau of Meteorology
ST, SARDI
@ ‘ THE UNIVERSITY OF \\\\”J/
of South Australia DEVELOPMENT / of marine science
SIMS is a partnership involving four universities
ASSOCIATE PARTICIPANTS
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PROGRAM

Curtin University

Department of Climate Change, Energy, the Environment and Water
Australian Antarctic Division

THE UNIVERSITY OF
MELBOURNE

IMOS thanks the many other organisations who partner with IMOS, providing co-investment, funding and

operational support, including investment from the Tasmanian and Western Australian Governments.
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