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Coming from the perspective of a large scale 
marine observing system, ocean technology 
is fundamental to what we do. It provides 
the means by which we take systematic and 
sustained measurements in the ocean, and 
convert them into data for science that delivers 
societal benefit.

Over the last fifteen years I have seen 
technology ‘swing the pendulum’ back towards 
observational marine science. This has been 
wonderful to see. When I started working in
the area of marine and climate research 
infrastructure in the late 1990s, numerical 
modelling, computing power, and remote 
sensing were all exploding. At the same time
there was a lot of pressure coming on to 
research vessel budgets from fuel prices and
over-capitalization, and on to scientific diving
activities from the health and safety perspective.
So there was this emerging view that less and 
less marine and climate science would be done 
in and on the water, and more and more would 
be modelled and sensed by satellite.

Of course we need to do all of these things in 
an integrated way to truly understand the ocean 
as key component of the Earth system. So it 
has been exhilarating to see smart technologies 
– sensors, platforms, communication systems 
– bring the in-water observational component 
very much back into vogue.

The effect has been revolutionary in marine 
and climate science. We now have the 
technological capability to observe the ocean 
from surface to sea floor, from global to local 

scales, measuring physical, chemical and 
biological variables in increasingly integrated 
fashion. There remain many issues to be 
worked on, many fine careers for bright young 
people to forge in the future. However, the 
effect of technology on marine and climate 
science across the period of my experience 
is undeniably profound. And I think it will 
continue to be so.

Argo profiling float technology is a particularly 
fine example in the field of marine and climate 
science. It is elegantly simple, very robust, 
and highly cost effective in observing the 
sub-surface ocean, a region of the planet that 
has historically been difficult and expensive 
to sample. Argo provides hard evidence on a 
daily basis about the ocean’s role in balancing 
the global energy budget and closing the 
hydrological cycle. What it does, matters. As 
a technology platform it is also proving to 
be very versatile. Key to Argo’s success was 
a clear focus on core mission, but with that 
achieved the potential to grow its impact is 
able to be explored. New sensor payloads are 
being added, and the range of operation is 
being extended into high latitudes, marginal 
seas, and the deep ocean.

There are many other exciting technologies in 
the field of marine observing – ocean gliders, 
and animal borne sensors to name but two. 
It is a great time to be alive if you are an 
observational marine and climate scientist.

Sustained ecological observing is our 
holy grail. Physical oceanographers have 
traditionally led the way in using technology 
to understand the ocean at global scale. 
Marine biogeochemists, biologists, and 
ecologists are now using technology in 
similar ways. So a major trend we are seeing 
over the next five years is in technologies 
that drive a step change in biophysical 
integration and understanding. This is likely 
to manifest along multiple pathways. 

One pathway will be technologies that 
leverage existing platform and sensor 

QWhat role does technology play in your 
field? What are its benefits?

What changes/trends do you anticipate 
over the next five years?

Of the four drivers of technology (safety, 
efficiency, sustainability, profit), which is 
the most important in your field?

What problems do you encounter in your 
daily activities that could be addressed with 
new or improved technology?
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developments to generate genuinely 
new biophysical data streams to advance 
understanding of marine systems. 
Biological sensing from Argo profiling 
floats is one example. Another pathway 
will be development of technologies to 
deliver biogeochemical and biological data 
streams in near real-time for ingesting into 
numerical models, as currently happens 
with temperature and salinity data streams. 
Examples are technologies to measure 
state variables like nutrient concentrations, 
dissolved oxygen, and light, at 
temporal and spatial frequencies 
suitable for assimilation into 
biogeochemical models. 
Transformational technologies 
enabling us to get at marine 
ecosystem function in novel 
ways are also likely to be very 
important. In-situ microbial sampling may 
be one example.

I see observational marine and climate 
science continuing to push at the boundaries 
of technological capability in a highly 
constructive manner. We have interesting, 
challenging, meaningful questions, and 
cannot hope to answer them without ongoing 
technical innovation.

Safety is essential and cannot be considered 
as a relative priority. With that said, I think 
sustainability is the next most important driver 
from an observing system perspective.

Understanding how the global oceans function, 
their natural variability, and their response 
to anthropogenic pressures over time – these 
are big questions requiring very long term 
approaches. Technology is a great enabler in 
this quest. However, continuous and diverse 
technology development, which is clearly 

an essential element of the broader 
innovation system, can also be an 
impediment in the field of sustained 
observing systems. This is why 
sustainability is important. 

Within the global ocean observing 
system the concept of technology 

‘readiness’ has been introduced to provide a 
framework for thinking about sustainability. 
There are three readiness levels in the 
framework – proof of concept, pilot, and 
mature. Sustained observing systems will 
be mostly invested in mature technologies, 
with some piloting of the most advanced next 
generation technologies. We need the research 
community to be piloting a much wider range 
of next generation technologies, to see what 

Argo profiling float technology is elegantly simple, very robust, and highly cost effective in observing the sub-surface ocean, a region of the 
planet that has historically been difficult and expensive to sample.
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IMOS

IMOS’ Slocum glider is 1.8 m long, 21.3 cm in diameter, and weights 52 kg. The gilder is designed to operate in coastal waters of up to 200 m 
deep where high manoeuvrability is needed.
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works, whether a technology is scalable and 
so on. And we need technology developers to 
be proving new concepts and getting to the 
stage of pilot scale deployment in the marine 
environment. Shepherding new technologies 
through this pipeline, from proof of concept 
to mature, is not for the faint hearted. We 
must have a dedicated focus on the drive for 
sustainability. 

Delivery of quality controlled data with 
quantified uncertainty is the biggest problem 
on a daily basis. Unless technologies deliver 
data that can be readily used by scientists, 
there is a risk that much of the effort involved 
in developing and deploying ocean observing 
technologies will go to waste. High levels 
of manual intervention are still involved 
in quality control and it is an issue that we 
need technology 
developers to 
continue working on. 
It goes right back to 
the design and build 
stage, to fundamental 
issues like instrument 
generated metadata. 
This probably 
does not sound 
particularly sexy 
from a technology 
development perspective, but it is incredibly 
important for the future of the field in which 
I work. Our current approaches are not 
sustainable. Technological development is 
enabling the collection of more and more data, 
and so the problem is compounding. I think we 
need breakthroughs on this front. There are a 
lot of legacy issues around the quality control 
of historical data sets and we are working 
through these as time permits. However, we 
have no excuse for creating tomorrow’s legacy 
today.

Moored buoys are a standard in marine 
observing systems in terms of data return and 
data quality, but are expensive to maintain. An 
ongoing focus on technological development to 
drive down the cost per observation from these 

types of mature platforms is needed. Examples 
might include expendable moorings that return 
data via releasable pods, profiling moorings, 
and mooring servicing using autonomous 
platforms.

Biofouling and underwater communications 
remain significant impediments to increasing 
the impact of technology in the context 
of marine observing systems. Smart 
technologies developed for use on land and 
in the atmosphere often fail to translate into 
the marine environment. Ocean technology 
is a specialized field, requiring specialized 
expertise in these areas.

Without worrying about limitations or 
restrictions, the new technology I would like 
to see is one that could give a reading on 

marine ecosystem 
status and how it 
changes in response 
to environmental 
conditions. 
Methodical 
measurement 
of all relevant 
physical, chemical 
and biological 
variables, and the 
interactions between 

them, is unlikely to be feasible or affordable. 
Technologies that enable us to cut through this 
complexity and get at integrative measures 
would be revolutionary.

Taking a broad view of ocean technology that 
fully embraces information and communication 
technology, I see great cause for optimism 
in the passion and ingenuity coming from 
our next generation of marine and climate 
scientists, engineers, technicians and data 
specialists. They have grown up to be much 
more tech-savvy than their forebears, and 
seem able to envisage technological solutions 
to problems in radically different ways. Let’s 
create an environment in which they feel 
encouraged to step up and lead.  u

I see great cause for optimism 
in the passion and ingenuity 

coming from our next 
generation of marine and 

climate scientists, engineers, 
technicians and data specialists.

►



Copyright Journal of Ocean Technology 2014

My name is Tim Moltmann. I am a research 
manager by profession, with over fifteen 
years’ experience in marine and climate 
research. For the last five years I have been 
Director of Australia’s Integrated Marine 
Observing System (IMOS), based at the 
University of Tasmania. Prior to that, I spent 
a decade as a Deputy Chief in the Marine 
and Atmospheric Research Division of the 
Commonwealth Scientific and Industrial 
Research Organisation (CSIRO). In the role 
of IMOS Director I am responsible for one 
of a small number of national research 
infrastructures funded by the Australian 
Government’s National Collaborative 
Research Infrastructure Strategy (NCRIS). 
My job is to lead the long term planning 
and day to day implementation of a national 
marine observing program, with extensive 
international collaborations. My professional 
interest is in research infrastructure, 
specifically marine observing systems, 
research vessels, and marine information 
systems. However, my abiding passion is 
really in human relationships. At the end of 
the day it is all about people, and 
observational marine science has a way of 
bringing people together that moves me in 
a very fundamental way. I have been 
privileged to work with many fine specimens 
in the marine and climate science 
community around Australia and across the 
global oceans. This is what keeps me going.
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