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A B S T R A C T   

With the international prioritisation of sustainable development for management of marine resources and areas, 
those involved in marine industry are seeking how they progress their environmental, economic and social re-
lationships, in a sustainable manner. Ocean accounting is an emerging tool that may enable stakeholders to 
integrate data and information from different disciplinary areas, bringing it together to facilitate sustainable 
development. The case of Clew Bay, Ireland is examined to see the extent to which ocean accounts may be 
translated to a regional marine area. The study identifies significant gaps between nationally available marine 
data sets and the regional requirements of ocean accounts. These reflect past marine governance, management 
and policy approaches and suggests that progressing ocean accounts in regional areas will require significant 
realignment and adaptation by agencies providing marine data to meet the needs of stakeholder groups such as 
aquaculturists. The case study indicates that pilot exercises based around ocean account information are required 
for government agencies and stakeholders to develop more integrated plans for a sustainable industry and 
regional community.   

1. Introduction 

As new industries develop within ocean spaces and more user groups 
seek to utilise ocean resources, appropriate marine spatial planning and 
governance frameworks need to be in place to ensure economic activity 
is appropriately balanced with social and environmental concerns [1]. 
Reliable information and data is required to populate monitoring 
frameworks. Ocean accounting has been proposed as being suitable and 
can potentially integrate critical environmental, economic and social 
information to inform marine monitoring and governance frameworks, 
to enable sustainable development of industry. 

Ocean accounting (OA) has developed from highly aggregated ap-
proaches to national statistics such as GDP, to value the economic 
contribution of marine industries to the economy and has then incor-
porated environmental accounting principles [2]. OA aims to support 
sustainable ocean development by cataloguing the health and long-term 
viability of marine natural capital [3] and has the potential to include 

the economic and social benefits that accrue from marine natural capital 
in the form of ecosystem services [2,4]. OA can include the economic 
contributions from sectors and industries within the ocean economy, 
such as commercial and recreational fishing, tourism and aquaculture 
for example, as provisioning or cultural ecosystems services [4]. 

Ireland has identified a need for future sustainable economic 
development, with key hurdles in achieving this being an absence of 
national ecosystem assessment and national-level accounting of natural 
capital assets in their “Our Sustainable Future” (OSF) framework [5]. 
The OSF framework proposes the use of satellite accounting including 
ocean accounts to facilitate an appropriate evidence base for policy 
development and decision-making. 

Given this background a short case study of Clew Bay, Ireland is 
examined to investigate what data is available for a set of ocean accounts 
and to determine informational gaps which may prevent compilation of 
ocean accounts for this area. This will inform the potential development 
and use of ocean accounts as a tool in the environmental management of 
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Clew Bay specifically and Ireland’s sustainable economic development 
into the future, and offer lessons for other jurisdictions internationally 
considering the potential role and use of ocean accounts. 

2. Clew Bay case study 

Clew Bay in Co. Mayo, on the west coast of Ireland (Fig. 1 below) is a 
complex series of interlocking bays and drumlin islands which supports 
a variety of sub-tidal and intertidal sedimentary and reef habitats,1 beds 
of live maërl (Lithothamnion corallioides), extensive beds of eelgrass 
(Zostera marina) and rare flora and fauna.2 These environmental char-
acteristics make Clew Bay a site of considerable national and 

international conservation importance [6]. This environment supports 
both commercial and recreational activities, with marine aquaculture 
and to a lesser extent marine-capture fisheries, being the predominant 
ocean-based industries. 

A profile of Aquaculture in Clew Bay is shown in Box 1. 
Tourism is also a significant economic driver for the surrounding 

community, with tourists attracted by land and ocean-based recreational 
opportunities including hiking, trail-biking, snorkelling, swimming, 
wind-surfing and recreational fishing [8]. A plan to further develop 
tourism opportunities in Clew Bay cited the importance of maintaining 
environmental integrity in Clew Bay, with unspoilt landscapes and 
biodiversity being key to the ‘story’ of Clew Bay which attracts tourists 
to the region [8]. 

3. Ocean accounting methodology 

Ocean accounting is a method of collecting, organising and 

Fig. 1. Clew Bay, Co. Mayo Ireland with general location of aquaculture operations.  

Box 1 
A profile of aquaculture production and turnover in Clew Bay, 2019. 

Aquaculture produces approximately 3300 tonnes of aquaculture products in Clew Bay annually including rope-grown mussels (Mytilus edulis), 
gigas oysters (Crassostrea gigas) and Atlantic salmon (Salmo salar) [7]. Aquaculture also contributes significantly to provision of local sustainable 
employment and social cohesion for the communities surrounding Clew Bay, with some 27 aquaculture businesses generating €17.9 million of 
first sales value in 2019 from aquaculture products [7]. Wild-capture commercial fisheries also operate within Clew Bay, targeting species 
including European oyster (Ostrea edulis), King scallop (Pecten maximus), lobster (Homarus gammarus), crab (Cancer pagurus), shrimp (Palemon 
serratus) and mackerel (Scomber scombrus).  

1 Including five listed on Annex I of the E.U. Habitats Directive.  
2 Including one Red Data Book plant and two mammals listed on Annex II of 

the E.U. Habitats Directive. 
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presenting data on complex environmental and economic systems in the 
marine and coastal environment [4]. Ocean accounting has been pro-
moted as a means to support decision-making around management of 
marine ecosystems, economic development of marine industries and in 
achieving broader United Nations Sustainable Development Goals. 
Ocean accounting is a relatively new area with only a few case studies as 
to the actual construction of accounts [9,10]; it is therefore extremely 
relevant to identify and understand any difficulties in applying an ocean 
accounts framework as the field continues to develop. The ocean ac-
counting framework organises information regarding the ocean econ-
omy to monitor the progress of environmental, economic and social 
objectives relating to ocean governance [4]. As the overall structure of 
the framework is informed by the System of National Accounts (SNA)3 

and the System of Environmental-Ecosystem Accounts (SEEA),4 the OA 
framework has rigorous requirements for formatting, transformation 
and presentation of information to ensure consistency of the statistics 
over time and across jurisdictions [4]. Fig. 2 below shows a detailed 
structure of the Ocean Accounts framework. 

Given the extensive information requirements displayed in Fig. 2, 
many ocean account studies have been selective in which accounts they 
construct. [9] compile accounts for the stock accounts of ecosystem 
extent, ecosystem condition and ecosystem assets, the flow accounts of 
ecosystem services and accounts related to the ocean economy including 
fisheries production and ocean employment. Similarly, the IDEEA Group 
in their study of Geographe Bay in Western Australia construct selected 

accounts within the broader framework [10], in part due to the con-
straints of using existing data. Here, we explore the possibility of con-
structing either a full or limited set of ocean accounts for Clew Bay and 
identify any barriers to this construction. 

4. Results 

To identify the availability of data for an ocean accounting exercise 
for Clew Bay, existing data was identified which could be reasonably 
accessed through public databases for all government agencies which 
have a remit for the environmental management of Clew Bay. For 
example: the National Parks and Wildlife Service (NPWS), Geological 
Survey Ireland, Marine Institute, Environmental Protection Agency 
(EPA) and Bord Iascaigh Mhara (BIM). These agencies are national and 
Clew Bay is only one small area of their responsibilities for data, 
monitoring and information. Therefore the local aquaculture manage-
ment group (CLAMS) and other governmental and non-governmental 
agencies were consulted for access to published and non-published or 
privately held data sets, particularly in relation to ecosystem provi-
sioning and environmental data. Available datasets for the Clew Bay 
CLAMS area were sourced through a combination of desktop research 
and engagement with institutional and industry stakeholders. Summary 
tables of this data availability may be found in the Supplement. 

Table 1 below summarises the availability and usefulness of infor-
mation for the Clew Bay (CB) area for key environmental, economic and 
social indicators under the OA framework. 

The examination of information and available data revealed several 
impediments to the construction of a full set of ocean accounts for Clew 
Bay. One is that, while data relevant to observing environmental in-
dicators such as ecosystem extent and condition exists, the data is not in 

Fig. 2. Structure of the ocean accounts framework, taken from [4].  

3 which governs the collection and calculation of national statistics 
4 which governs the production of statistics displaying the connections be-

tween the economy and the environment 
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a form which is able to be transformed into the required format.5 While 
this does not mean that this information cannot be used in decision- 
making or in other sustainability frameworks, the data as currently 
available is unsuitable for the ocean accounts. Further, information 
regarding carbon sequestration and carbon stocks was not identified for 
Clew Bay, although there may be national data sets that have not been 
developed with small area disaggregation in mind. Economic data on 
aquaculture production, turnover, gross value added and gross oper-
ating surplus was available, and could be adapted for an annual account. 
Economic information on commercial marine-capture fisheries was 
unavailable as it is gathered and presented for marine areas much larger 
than Clew Bay. Taking a pro-rata sample by area would not be repre-
sentative. While national tourism and local tourism data exists, specific 
data for marine tourism activity related to Clew Bay was not made 
available. Data on social activities, such as marine-based recreation (e.g. 
whale watching, swimming, wind-surfing etc.) does not exist. 

Sustainable development of existing industries in Clew Bay including 
aquaculture are also inhibited by a lack of environmental and social data 
in particular. This lack of data makes predicting negative environmental 
and social impacts of expanded aquaculture production extremely 
difficult, adds to uncertainty around appropriate scale of commercial 
operations in Clew Bay and adds to competition and community tensions 
between recreational users, tourism operators and aquaculturists. 

5. Discussion 

In this pilot exercise to appraise the suitability of an ocean accounts 
approach, the extent of the non-availability of data for a spatial ac-
counting exercise for Clew Bay was surprising. However this likely re-
flects past and existing institutional frameworks responsible for 
provision of marine data for pre “sustainable development” objectives. 
The available data tend to be national by area, or at best regional, and at 
a more aggregate scale than is applicable for a small sub-regional area 
such as Clew Bay. This available data was generally gathered for another 
purpose and thus it was not necessarily in the form required for input 
into ocean accounting exercise for a small marine area. 

Ireland has shown willingness and ability to engage in sustainable 
development, both of the land-based economy and of the ocean econ-
omy [5,11]. In these efforts, they have identified at a national level the 
need for development of satellite natural capital accounts [5] and 
improved marine spatial planning [12], which ocean accounting facili-
tates through the integration of environmental, economic and social 
dimensions [13]. While these efforts at a national level are still on-going, 
it is timely to identify the ability of local and regional areas to provide 
the data required for sustainable development and construction of ocean 
accounts, to facilitate both the construction of national-level accounts 
and local accounts if desired. We find that marine-based industries and 
ecosystem information are not gathered at a fine enough scale nor over 
an appropriate length of time to be useful inputs to an ocean account of 
Clew Bay, hindering local efforts to develop industry sustainably. Future 
research should address whether ocean accounts as a monitoring 
framework should be confined to larger-scale or national-level appli-
cations, or whether data collection efforts should be improved to facil-
itate construction of ocean accounts at whatever desired spatial scale. 

6. Conclusions 

The results for the Clew Bay case study suggest that, while ocean 
accounts may be possible at a national scale, the extensive and rigid data 
requirements may mean that the use of existing data for ocean ac-
counting of marine industry, marine environments and marine-based 
social and community activities may not as yet be possible to 
construct on a smaller scale. Marine governance and the institutional 
arrangements that provide “marine data” need collaborative small area 
specific research to determine the appropriate data requirements for 
developing information systems that can lead to improved sustainable 
development outcomes. 
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Table 1 
Availability and actions required to construct key OA tables for Clew Bay.  

Group Account Information available Action required to 
be made suitable for 
use in ocean 
accounts 

Environmental Ecosystem 
Extent 

Bathymetry, 
topography, 
Seabed sediment 
classification, 
Ecosystem types 
limited to less than 
half of CB. 

Survey entire CB 
spatial extent. 

Ecosystem 
Condition 

Some biotic and 
abiotic data available 
but limited in spatial 
and temporal scale. 

Resurvey to 
determine current 
condition of 
keystone 
communities. 

Carbon Stock No data available Use of data collected 
for similar 
ecosystems may be 
usable as a proxy. 

Carbon 
Sequestration 

No data available Use of data collected 
for similar 
ecosystems may be 
usable as a proxy. 

Economic Aquaculture Value of annual 
production 

Can be used with 
minor adjustments 

Marine 
Capture 
Fisheries 

Not available for the 
Clew Bay area 

Identify fishing 
activity specifically 
in CB area 

Marine 
Tourism 

Number of tourism 
visitors at national 
level, not specified by 
marine activities or for 
Clew Bay area. 

Survey to identify 
marine based 
tourism in CB area. 

Social Marine-based 
activities 

Level of activity 
unknown. 

Site survey of 
activity in CB area 

Whale 
watching 
(WW) 

Level of activity 
unknown. 

Site survey of WW in 
CB area 

Recreational 
fishing (RF) 

Level of activity 
unknown. 

Site survey of RF in 
CB area.  

5 Ecosystem extent data was unable to be transformed into a stock estimate, 
while ecosystem condition spatial and temporal data was of mixed geographical 
resolution. 
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