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The long relationship between humankind 
and the ocean is intensifying and growing in 
complexity globally due to rapid expansion of 
economic use of the ocean and growing inter-
dependence of human society with the ocean’s 
ecosystems and with its role for weather and 
climate. While there is only one, globally inter-
connected ocean, it has enormous geographic 
diversity. Canada, with the longest coastline 
in the world, has a complex and diversified 
relationship with the ocean because its vast 
ocean spaces are particularly diverse in their 
biological, physiographic, climatic, and socio-
economic characteristics.

Sound knowledge and understanding of the 
ocean as a basis for prediction and future 
projection is now essential for safe and 
sustainable management of ocean resources 
and use, as well as for mitigation of risk 
to ecosystems and human populations. 
Knowledge and understanding, in turn, 
depend on accurate, rich, and integrated ocean 
observations and access to the associated 
data. Despite having developed and deployed 
examples of world-class technology for ocean 
observation, Canada has, until recently, lacked 
a national vision and strategy for coordination 
of ocean observation and the resulting data. 
This led to major gaps and inconsistencies in 
observation capacity and data availability. A 
national ocean observing system, based on a 
coordinated and cooperative approach across 
Canada, was urgently needed to effectively 
and efficiently observe Canada’s diverse 
ocean spaces. 

Laying a Foundation Based on Cooperation
The launch of the Canadian Integrated Ocean 
Observing System (see “Further Reading” 
– Stewart et al.) on March 7, 2019, was the 
outcome of several years of nationwide 
consultation and planning. Early discussions 
provided both the impetus for the movement 
towards greater coordination, as well as a 
mechanism to bring Canada’s ocean observing 
community together. A Marine Environmental 
Observation, Prediction and Response 
Network (MEOPAR) initiated whitepaper (see 

“Further Reading” – Wallace et al.) proposed 
a regionally-coordinated, integrated ocean 
observing system (Figure 1). While focused 
on the Atlantic Ocean, this whitepaper noted 
that “Several new data streams envisioned 
for an IAOOS [integrated Atlantic Ocean 
observing system] will challenge existing 
data management approaches, and will 
require advances and investments in data 
infrastructures. There is an urgent need for 
a national dialogue on these issues, as the 
needs in Atlantic Canada are likely similar to 
those elsewhere in Canada.” The conception 
of a “Community of Practice on Ocean Data 
Management (CoP ODM)” followed shortly 
at a MEOPAR-supported workshop on 
ocean data management (Montreal, March 
2014) and initiated a movement of the ocean 
observing community across Canada towards 
development of a coordinated national strategy. 
The CoP ODM was supported by MEOPAR, 
and connected the various existing ocean 
data centres across Canada for the first time, 
allowing them to share and mobilize expertise 
and best practices, promote cooperation and 
alignment, and start to develop a shared vision 
for ocean data management. The CoP provided 
the framework for an “Expert Forum on Ocean 
Data Management” (Montreal, November 
2015), which brought together over fifty 
participants from government, academia, and 
industry who offered their perspectives and 
shared best practices. The workshop summary, 
Towards a Unified Vision for Ocean Data 
Management in Canada: Results of an Expert 
Forum (see “Further Reading” – Wilson et al.), 
represented a fundamental contribution to the 
growing national dialogue about the integration 
of ocean data management in Canada. 

The vision that emerged from the Expert 
Forum was unambiguous, with participants 
“ready for the federal government to take a 
leadership and support role” in the formation 
of a coordinated national system. The 
consensus was that a “federated model of 
regional nodes with central coordination and 
incentives would make best use of existing 
expertise and experience.” Building on this 
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momentum, Fisheries and Oceans Canada 
(DFO) funded three Investigative Evaluations 
into data management, cyberinfrastructure, 
and data visualization to further investigate 
existing assets and activities and provide 
recommendations on implementation. 
These collaborative efforts demonstrated 
that Canada’s distributed ocean research 
community could cooperate effectively and 
was therefore well-positioned to undertake an 
initial roll-out of a national system. 

On March 7, 2019, DFO, in partnership 
with MEOPAR, announced Phase 1.0 of the 
Canadian Integrated Ocean Observing System 
(CIOOS). Building on the foundation of the 
CoP ODM and Investigative Evaluations, DFO 
and MEOPAR committed more than $2 million 
annually as well as organizational support to 
a CIOOS pilot phase focused on development 
of data infrastructure, management structure, 
and visualization tools, and treatment of an 
initially limited number of existing key data 
streams. The pilot system will be robust and 

scalable to additional data types and variables. 
Development of this pilot system has united 
the knowledge, expertise, and infrastructure of 
Canada’s ocean data management community.

Building on Canada’s Strengths
Canada has considerable strength in regional 
data collection on all three coasts (Pacific, 
Arctic, Atlantic) and within its major inland 
seas. The observation activities within each 
region as well as the end-users for data and 
information products are, however, highly 
varied, reflecting the diversity of the regions 
themselves. Hence, CIOOS was designed as 
a federated model of regional associations 
with central coordination (similar to the U.S. 
Integrated Ocean Observing System or IOOS) 
in order to reflect this diversity and capitalize 
on the experience, expertise, and end-user 
connections of regional networks across the 
country (Figures 2A, B, and C). Guided and 
supported by DFO and MEOPAR, the pilot 
phase established three CIOOS Regional 
Associations (Atlantic, Gulf of St. Lawrence, 
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Figure 1: There exists a range 
of ocean observing activities 
across Canada including the 
SmartAtlantic initiative led by the 
Fisheries and Marine Institute 
of Memorial University. In this 
photo, one of the buoys is being 
redeployed in Conception Bay, 
NL, in April 2018.
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Figure 2: CIOOS will capitalize on established regional capacity while ensuring an consistent national approach using data from,
for example, (A) SmartAtlantic on Canada’s east coast; (B) Ocean Networks Canada on Canada’s west coast; and (C) St. Lawrence 
Global Observatory.
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and Pacific) linked by an overarching national 
strategy and governance structure. This 
multilevel governance model allows for a 
consistent national approach and opportunity 
for the sharing of best practices.

Each of the three Regional Associations 
leverages the national and international 
expertise of their partner organizations, and can 
continue to build regionally-specific tools and 
approaches which will facilitate easy discovery 
of and access to data of particular value and 
relevance for each particular region.

St. Lawrence Global Observatory (SLGO): 
Established in 2005, SLGO has the longest 
history in Canada of acting as a regional data 
provider/integrator, and provides integrated and 
timely access to data, user-friendly interactive 
visualization tools, and a wide range of multi-
disciplinary information from multiple partners. 
With a membership of over 50 organizations, 
its concept maximizes the benefits of data 
integration, discovery, and re-use in order 
to best enable long-term management of the 
St. Lawrence’s ecosystem. SLGO’s mission 
is to promote and facilitate accessibility, 
dissemination, and exchange of official and 
quality data as well as electronic information 
through consolidation and networking of various 
producers and data-producing organizations 
in order to meet both their needs and those 

of users, and also to improve knowledge and 
help decision making in areas such as public 
safety, climate change, transportation, resource 
management, and biodiversity conservation. 
Under CIOOS, SLGO will harmonize and align 
its activities and services with those of other 
regions, share its expertise and experience, 
and intensify end-user engagement activities 
throughout the Gulf region.

CIOOS Atlantic: The Atlantic region houses 
world-class researchers and centres of 
expertise in ocean science both in the use 
of marine autonomous vehicles and sensor 
systems, and in the curation and analysis of 
data stemming from particular types of ocean 
observation. However, prior to CIOOS, there 
was no organized, region-wide, multi-sectoral 
approach to the management of diverse ocean 
datasets. Dalhousie University and Memorial 
University of Newfoundland (including its 
Marine Institute campus) are the fulcrums for 
ocean research and data curation, visualization, 
and analytics in the region. The Atlantic 
Regional Association builds on these strengths 
with a consortium of partners committed to 
the development of a data management and 
dissemination approach for the extensive 
oceanographic data collected along the 
Atlantic Seaboard, from Labrador to the 
Gulf of Maine. Hosted by the Ocean Frontier 
Institute and co-led by Dalhousie and Marine 

C SLGO
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Institute, the consortium brings together 
established infrastructure and expertise from 
COINAtlantic, Memorial University, and the 
Ocean Tracking Network. 
 
CIOOS Pacific: The Pacific region brings 
together expertise in ocean monitoring with 
extensive history and technological expertise 
in observing both the coastal and open ocean. 
Hosted at the University of Victoria, this 
partnership between DFO’s Institute of Ocean 
Sciences, the Hakai Institute, and Ocean 
Networks Canada elevates the collective 
monitoring efforts. The Institute of Ocean 
Sciences has continuously documented 
change in the northeast Pacific longer than 
any other monitoring effort in the world, 
which is proving essential to understanding 
ocean variability. The Hakai Institute and 
Ocean Networks Canada each bring a wealth 
of cutting-edge monitoring techniques to 
the collaboration. Their myriad of real-
time sensors stream data through cabled 
observatories and telemetry networks taking 
the pulse of the coastal and offshore ocean and 
providing timely insights to ocean managers. 
The collective depth and expertise in CIOOS 
Pacific allows for comprehension of the past, 
detection of anomalies in the present, and 
prediction of future conditions.

A System for All Canadians
Ocean observations form the basis not only for 
understanding the ocean but also for prediction 
of its behaviour and impacts. Whereas 
promotion of the growth of understanding 
is largely the domain of researchers, large 
swathes of human society today depend on 
information, forecasts, and projections of 
ocean behaviour. The latter are of direct, 
increasing relevance to coastal communities 
and industry, and impact livelihoods, safety, 
and economic performance. The ocean’s role 
for climate change and weather, food supply, 
and trade impacts all of Canada, indeed 
all nations. Examples of the use of ocean 
information range from the mundane to the 
dramatic and cut across all sectors of society. 
On the east coast of Canada, holidaymakers 

and locals alike may want to know seawater 
temperatures and/or whether fog will disrupt 
their planned day at the beach; on the Bay of 
Fundy, tidal forecasts are part of the rhythm of 
life for many. There are many examples where 
access to information can produce major 
economic benefits or mitigate risk. The marine 
heatwave of 2012 in the northwest Atlantic 
had major repercussions for fisheries and 
especially for the lobster industry in eastern 
Canada. Improved access to observations and 
ecosystem predictions could have allowed for 
better management of industry response to 
this anomaly. In British Columbia, tsunami 
warning systems based on measurements 
of seismicity are key to protection of life. 
Prediction of water movement can allow 
shellfish hatcheries to avoid the worst impacts 
of ocean acidification events. Forecasts of 
sea-ice extent and iceberg drift are critical for 
fishing, shipping, and offshore operations off 
Newfoundland and Labrador as well as the 
Gulf of St. Lawrence. Information concerning 
ice breakup is of growing importance for 
hunters and trappers in the Inuit Nunangat. In 
the Gulf of St. Lawrence, marine ecosystem 
change has led to shifts in the habitat of the 
endangered North American right whale with 
major impacts on the whale population but 
also on shipping and fishing industries.
 
There are many benefits that ocean 
observations can provide for our society and 
economy as well as for mitigating risk to 
ecosystems; however, central to these benefits 
is that information from the observations 
must be made available in a readily accessible 
format including presentation as targeted 
information, data products, and predictions. 

Hence CIOOS is aimed at providing data 
not only to researchers and government 
agencies but also to a very broad range of 
end-users, ranging from coastal communities 
to ocean industries, First Nations, 
government agencies, and non-governmental 
organizations. CIOOS will provide data of 
relevance to industrial sectors as diverse as 
shipping, defence, ocean-related tourism, 
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offshore oil and gas, renewable energy 
generation, natural resource exploitation and 
exportation, fishing, aquaculture, and ocean 
technology development. Many of these 
same end-user organizations and sectors 
are potential data providers and a key task 
of the Regional Associations is to identify 
and engage with as many potential data 
providers and information users as possible. 
Engagement and ongoing communication 
with users will lead to better understanding 
of stakeholder needs and likely create new 
uses for ocean data. The information obtained 
from these efforts at the regional scale will be 
shared through CIOOS at the national scale, 
allowing for rapid dissemination and uptake 
of promising new ideas and approaches.
This includes the dissemination of new tools, 
web-services, data management practices, 
expertise, code, and datasets. 

With the initiation of CIOOS, a system is 
now under development that will grant users 
a wider breadth of information to support 
predictions and inform decision making, 

management, and operations. CIOOS brings 
together a previously fragmented approach to 
ocean observing, increasing the potential value 
of the investments made to date and allowing 
expertise and ideas that arise regionally to be 
shared nationally. Further, CIOOS will increase 
Canada’s effectiveness at the international 
level by improving our ability, as a nation, 
to contribute knowledge on the international 
stage in the context of global ocean observing 
systems. CIOOS connects organizational 
clusters nationwide and, through provision 
of a single entry point for access to data and 
forecasts originating from various programs 
and agencies, the system improves access to 
data and encourages data reuse. The system, 
therefore, increases the value of investing in 
collection of individual datasets by linking them 
to others, and making them more available. 
Ultimately CIOOS will facilitate a better 
understanding of the ocean as a whole, which 
can generate new opportunities for economic 
growth, technological development, ecosystem 
protection, and promote the sustainability of 
Canada’s diverse coastal societies. 

Figure 3: One of the next steps 
in regional expansion involves 
exploring how to best connect with 
the Arctic and Inuit Nunangat.

ISTOCKPHOTO.COM/MR1805
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A Way Forward
CIOOS is presently a nascent system. 
Significant progress has been achieved since 
its inception, including consultations with 
stakeholders and development of a nationally-
consistent approach to data management. 
Nonetheless, there exist many important 
next steps to ensure the long-term success 
and sustainability of the Canadian Integrated 
Ocean Observing System. And the model 
established for CIOOS can, potentially, be 
harnessed for additional applications and to 
provide further benefits.

Regional Expansion: CIOOS is presently 
comprised of three Regional Associations 
(RAs), a National Web Presence, and a Data 
Stewardship Node. To ensure a truly sustainable 
and successful system in the long-term, CIOOS 
needs to expand into new geographic areas. 
A truly comprehensive Canadian Integrated 
Ocean Observing System must include, at least, 
all regions of Canada that touch the ocean 
directly. Extension to Canada’s broader aquatic 
environment may also make sense. Hence next 
steps involve consideration of how best to 
connect existing CIOOS with two new regions: 
the Arctic (Figure 3) and Inuit Nunangat, and 
the Great Lakes.
 
The value of the regionality of CIOOS cannot 
be overstated. A barrier to early development 
of a coordinated system was likely reluctance 
of some regional end-users and data providers 
to interact with distant or highly-centralized 
organizations that may or may not be 
responsive to their priorities and requirements. 
As CIOOS develops, it is imperative that 
it remain a national system, but also a 
decentralized one. The multisectoral nature 
of CIOOS also appears to be important with, 
especially, the federal government seen to be 
working cooperatively with non-government 
organizations such as universities, again in a 
decentralized but effective manner. 

The Canadian coastline is the world’s longest, 
touching thousands of communities across 
the country. The myriad of reasons by which 

communities utilize the ocean for their culture, 
leisure, and livelihoods underscores the 
importance of Regional Associations, outside 
of government, which can retain the ability 
to be responsive to the needs of individual 
regions without being under direct, centralized, 
or political control. The governance model 
of CIOOS must therefore continue to have 
a bottom-up approach balanced by a need 
to share approaches and harmonize best 
practices efficiently across the country; it must 
be executed hand in hand with the federal 
government, but must also remain outside of it. 

Discipline Expansion: Also imperative to long-
term sustainability of CIOOS is that it remain 
open and responsive to additional disciplines, 
emerging needs, and new opportunities. It 
must be open-minded and support innovation 
in developing tools and processes to manage 
and access discipline-specific data, including 
data that arise from fundamentally new 
technologies, organizations, and platforms. 
Concurrently with regional expansion, CIOOS 
should continue to explore mechanisms 
that allow integration of data from broader 
disciplines, so as to further leverage, for the 
Canadian context, the numerous thematic 
data repositories that exist globally. Access to 
worldwide biodiversity and biogeographic data 
through linkages with systems like the Ocean 
Biogeographic Information System Canada 
or acoustic receiver and animal tracking data 
through the Ocean Tracking Network will 
broaden the scope of data that researchers and 
decision makers are able to access. 

Encouraging communication and collaboration 
across emerging systems will ultimately 
strengthen ocean-related research and capacity 
throughout Canada. Platforms specifically for 
underwater acoustic data (such as the Marine 
Environmental Research Infrastructure for 
Data Integration and Application Network or 
Meridian) or for the collection of environmental 
DNA (eDNA: DNA that can be extracted 
from environmental samples) or for various 
“omics” (characterization and quantification 
of biological molecules that translate into the 
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structure, function, and dynamics of organisms) 
are emerging areas that have potential to provide 
critical contributions to our understanding 
of the ocean but also guide operations and 
responsible use. The ability of CIOOS to 
work constructively and cooperatively with 
diverse scientific communities involved in such 
emerging areas, so that they can develop tools 
and processes in the context of an open and 
flexible national system, will be imperative to 
the system’s long-term sustainability.

Focused Engagement: The importance of 
ongoing engagement and dialogue with 
Indigenous and coastal communities is of 
utmost importance as CIOOS strives to be a 
platform that provides recognized value by 
furnishing access to diverse and high quality 
ocean data. Careful and early consideration 
must therefore be given to design a system 
that can partner powerfully and effectively 
with Indigenous organizations, and to explore 
appropriate mechanisms for sharing and 
preserving ocean-related information collected 
using both western scientific methods and 
Traditional Ecological Knowledge.

Ultimately CIOOS must perform focused 
engagement in order to develop the tools and 
infrastructure required for interoperability 
between disparate systems of data collection 
and use, and between organizations that may 
have very different priorities. In turn, this will 
expand CIOOS’ ability to connect with both 
national and international stakeholders. With 
CIOOS as a central access point, these data 
repositories will collectively and efficiently be 
able to provide data users with an as complete 
and comprehensive picture as possible of 
what is happening in Canada’s highly diverse 
aquatic environments.

Global Partnerships
Recognition that Canada’s ocean spaces and 
ocean observing activities do not adhere to 
national boundaries will motivate CIOOS in 
building international partnerships, and also in 
better defining Canada’s role in global ocean 
observation and data management. Early 

consultations with established systems have 
not only contributed to the design of CIOOS 
but also ensured alignment of standards and 
processes which facilitate interoperability 
of Canadian-sourced data on a global scale. 
Alignment with the Global Ocean Observing 
System framework as well as collaborations 
between CIOOS and other regional and 
national organizations will facilitate effective 
global data exchange for mutual benefit. 

Participation in regional or basin-scale 
partnerships such as the Atlantic Ocean 
Observing Blueprint and its work towards 
an All-Atlantic Ocean Observing System 
(AtlantOS) connects multiple partners and 
countries internationally who are working 
towards efficient sharing and development 
of infrastructure, knowledge exchange, and 
coordination of ocean observing activities. 
The U.S. Integrated Ocean Observing System 
(IOOS) is an established model from which 
CIOOS can continue to learn. Similar to 
Canada, the U.S. system is challenged with 
capturing information across a vast and diverse 
geography. U.S. IOOS is represented by 11 
Regional Associations. With four of those 
RAs sharing waters directly with Canada, a 
number of collaborations between CIOOS 
partner organizations and IOOS RAs have been 
established and will continue to add value to 
the system going forward.

Ultimately, international collaboration will 
ensure that Canada’s data is interoperable 
with global systems, thus increasing its long-
term value. It will also position Canada to 
contribute to and benefit from information on 
a global level that will further enhance our 
ability to address marine issues both within 
our borders and beyond.

Beyond Data Management
Although plentiful, Canada’s oceanographic 
data collection effort is scattered across 
multiple organizations and initiatives, creating 
a challenging landscape for conducting 
comprehensive research and making informed 
decisions around marine management and 
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operations. Regional economic differences 
as well as logistical considerations have led 
to clear regional differences in the nature of 
observing systems along Canada’s coastline. 
The ability of Canadians to conduct impactful 
research and make effective operation and 
management decisions is heavily impacted by 
the data to which they have access. Beyond 
managing data that exist, CIOOS could add 
value to Canada’s ocean sector if it can also 
provide a vehicle or platform through which 
ideas for major ocean observing initiatives 
are planned and operated. Beyond data 
management, CIOOS has the potential to 
provide Canada’s ocean community with an 
enhanced level of national coordination of 
infrastructure, expertise, and data services, 
which will ultimately encourage broader 
collaboration and the sharing of ideas and 
infrastructure across disciplines and across 
different parts of the country. This role, in 
providing a platform for national coordination, 
must be carefully balanced with the need to 
allow for innovation and creativity. There is 
an inherent risk that national coordination 
can stifle or slow down the introduction of 
new ideas and approaches in the interest of 
uniformity or regional equity. This is a delicate 
balance for national networks and organizations 
such as CIOOS that require considerable self-
awareness and/or mechanisms for external 
evaluation. Advisory and/or external review 
procedures for CIOOS will, therefore, need to 
be developed as the system grows in capacity, 
importance, and power.

Outside of ocean observing, CIOOS’ regionally 
federated structure guided by strong national 
leadership could serve as a model for other 
areas of ocean-related research. By providing 
a common system for government, scientists, 
and partner organizations to integrate, access, 
share, and preserve data, CIOOS will facilitate:

• Enhanced modelling work and 
environmental assessment advice;

• Increased ability to detect changes in ocean 
conditions, including impacts on fish 
stocks and distribution;

• Improved resource management decision 
making, both in the long-term (i.e., 
environmental and climate change 
adaptation) and the short term (i.e., 
ecosystem approach to management);

• Reduced risk to infrastructure by 
enhancing storm prediction and area of 
impact, as well as water level rise;

• Capacity to establish integrated baseline 
data useful for long-term monitoring;

• Generating new opportunities for industry 
growth/technological development; and

• Advancing Government of Canada 
commitments to Open Data/Open Science.
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