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1. INTRODUCTION

The achievement of a sustainable ocean economy requires the collection of relevant sectoral
data the development of suitable indicators and the provision of appropriate analysis so as to
aid policymaking. The importance of the marine and ocean economy can be seen in the extent
of the world’s oceans, the proportion of the world’s population living in coastal areas and the
aims of Sustainable Development Goal 14 which looks to “conserve and sustainably use the
oceans, seas and marine resources for sustainable development” (UN, 2015). The ocean
economy is also an important driver of the European Green Deal, with an emphasis on ensuring
sustainability and creating new green jobs and businesses across the sector (European
Commission, 2021).

As an EU economic sector with a turnover of €750 billion and with almost five million
people employed in 2018, the ocean economy has been identified as a driver of European
growth through the development of new competences and activities that enable a sustainable
development of ocean resources (European Commission, 2020). As a part of the bio-
economy, it also has a large potential in terms of its contribution to a green recovery. Coastal
regions, home to over 40% of European citizens, also have much to gain from the European
Green Deal, both economically and environmentally.

With increasingly complex objectives, decision makers require more sophisticated
analytical tools with which to design effective policies and implement high-level strategy.
However, scientific know-how alone is not sufficient to derive good policy. Bennet (2019)
argues that “understanding the human dimensions of the world’s peopled seas and coasts is
fundamental to evidence-based decision-making across marine policy realms, including
marine conservation, marine spatial planning, fisheries management, the blue economy and
climate adaptation”. There remain serious difficulties in terms of quantifying marine
economic and social impacts, thus making it more difficult to make strategic decisions (Foley
et al., 2014; Suris-Regueiro et al., 2021). In a review of social scientists, McKinley et al.,
(2020) highlight a gap in the availability of data for policymaking in the marine space. An
extension of this concern, given inadequate data availability, is the limited availability of
policy impact assessment modelling.

This paper contributes to the literature by defining a research agenda for policy impact
assessment in the marine and ocean economy. Previous work, such as Kerr et al. (2014),
which focuses specifically on marine renewable energy or Burbridge et al. (2001), which
focuses on the granular detail of impact assessment in aquaculture, focused on specific
aspects of the ocean economy. This paper provides a multi-dimensional plan to analyse both
individual ocean economy industries and the ocean economy as a whole.

The International Association for Impact Assessment defines impact assessment as a
structured process for considering the implications, for people and their environment, of
proposed actions while there is still an opportunity to modify (or even, if appropriate,
abandon) the proposals (IAIA, 2021). Impact assessment involves the identification and
characterisation of the most likely impacts of proposed actions (impact
prediction/forecasting), and an assessment of the social significance of those impacts (impact
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evaluation). The primary goal of the modelling framework in this paper relates to the
objective of providing information for decision making through the analysis of the
biophysical, social, economic, and institutional consequences of proposed actions.

There are a range of social science multi-disciplinary frameworks for policy assessment
including PEST (Political, Economic, Social, Technological) (Sammut-Bonnici and Galea,
2015) and PESTEL (Political, Economic, Social, Technological, Environmental, and Legal)
(Yiksel, 2012). In impact assessment models, technology, law, and politics tend to be treated
as exogenous although exceptions exist such as technology adoption analysis (Hyvattinen and
Hildén, 2004) or where the output of models feeds into political decision-making that may
lead to legal changes. Therefore, in considering the use and development of impact
assessment models for policy development, we focus on a subset of four dimensions (with the
addition of place), Economic, Social, Spatial and Environmental (ESSE). The modelling
framework is broken down as:

e Economic — assess the value chain impact of marine industry policy changes using the Bio-
Economy Input-Output Model (BIO)

e Social (and Health) — assess the social and health impacts of policy changes, using the
Simulation Model of the Irish Local Economy (SMILE) model

e Spatial — assess the spatial impact on rural coastal communities using SMILE

e Environmental — assess the change in the carbon footprint of marine industries using Life-
Cycle Assessment (BIO-LCA).

The paper is laid out as follows. First, there is a literature review of the use of economic,
social, spatial, and environmental impact assessment models in the marine and ocean sectors.
The methodology section details the impact assessment models used in this paper. The results
segment provides a review of analyses that have used the ESSE impact assessment
framework. Finally, we discuss issues related to the ESSE framework and the future
development of the impact assessment tool.

2. LITERATURE REVIEW

Economic

A range of economic policy models have been developed over time to undertake
economic impact assessment so as to assist policy planning. The dominant analytical
framework has been the input-output model, which can track material flows between sectors.
Although this methodology has been used to explore impacts across many marine sectors, the
availability of quality data has led to numerous assessments of the fisheries sector in
particular (Hoagland et al., 2005; Kirkley, 2009; Lee and Yoo, 2014; Grealis et al., 2017,
Rizal et al., 2019). In addition to commercial fishing, input-output models have been used
also to consider the impact of recreational fishing (Storey and Allen, 1993; Steinback, 1999;
Garcia-de-la-Fuente et al., 2020). The input-output framework has also been used by
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Morrissey and O’Donoghue (2013a) to consider clusters in marine transport and by
Morrissey and Cummins (2016) to examine marine-related energy and recreation clusters.

Policy analysis and planning has moved from silo-based approaches focused on for
example individual sectors like fishing (Andrews and Rossi, 1986), transport (Goss, 1967)
and energy (Frair and Devine, 1975) to more integrated cross-sectoral approaches (Norton
and Hynes, 2018). Improved data collection on the wider marine economy (Foley et al., 2014;
Morrissey 2014; Wang, 2016; Vega and Hynes, 2017; Tsakiridis et al., 2019) have enabled
input-output frameworks to incorporate wider sectoral dimensions (Kwak et al., 2005; Zhao
and Wang 2008; Morrissey and O’Donoghue, 2013b; Wang and Wang, 2019; Zheng and
Tian, 2021). Additionally, Suris-Regueiro et al. (2021) have utilised input-output analysis in a
comparative setting of marine spatial planning in three countries.

One of the limitations of input-output modelling is that it does not incorporate
behavioural change, unlike more complex models such as Computable General Equilibrium
(CGE) modelling. This can lead to an overstatement by input-output modelling of the relative
impact of a policy intervention compared to CGE models, as shown by Allan et al. (2014) in
their analysis of marine energy policy in Scotland.

Social

There is a relatively substantial literature on the ex-post analysis of the social or
distributional impact of the marine sector or its components but there is relatively limited ex-
ante impact assessment modelling of these issues. Pomeroy et al. (2007), Pike et al. (2010)
and Voyer et al. (2012) argue that a focus on economic consequences often dominates impact
assessment, with social impact assessment often underrepresented in marine planning. Ex-
post attitudinal surveys on perceptions are often undertaken to gauge public opinion, but after
the fact rather than ex-ante so as to aid planning.

One of the most common types of ex-ante analysis is in the use of survey tools to
consider the social acceptance of marine developments such as aquaculture (Whitmarsh and
Palmieri, 2009). Discrete choice experiments are undertaken to assess the willingness to pay
for public good investments and interventions (Rogers, 2013; Jobstvogt et al., 2014; van Osch
etal., 2017; Hynes et al., 2013, 2020; O’Connor et al., 2020). Elsewhere, Hatcher et al.,
(2000) utilise a survey to look at economic, social, and behavioural determinants of
regulatory compliance with fishery regulation. Holland et al., (2013) look specifically at
understanding the determinants of social capital in groundfish harvest cooperatives in the
north-eastern United States. One of the limitations of survey-based instruments is the
difficulty in extrapolating from the specific situation considered in the survey to make wider
generalisation beyond what is addressed by the survey analysis. Rashid et al., (2016) address
this issue by utilising a microsimulation approach to extrapolate from survey data to evaluate
the impact of changes in the aquaculture sector on poverty amongst fishermen in Bangladesh.

Analysis of impacts at the micro or individual level is relatively limited in the field, with
most such analyses focusing on fishing. Other social dimensions such as age and gender (De
la Torre-Castro et al., 2017) are relatively underrepresented in distributional analysis, with
the impact on the income distribution more commonplace. Davis and Thiessen (1986)
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describe the income distribution of Canadian fishermen, while Wamukota et al. (2014) look
at the position of local fishermen in Kenya in the income distribution and consider the impact
of market integration. Weigel et al. (2015) utilise a multi-faceted micro impact assessment to
examine the impact on fishermen of implementing a marine protected area. In general, these
analyses are ex-post rather than assessing impacts in an ex-ante fashion.

One field where ex-ante micro-level marine sector analysis occurs more frequently is
transport microsimulation. Dougherty (2010), Samimi et al., (2010), Chen and Yang (2014),
Fleming et al. (2013), and Grubisic et al. (2020) have used a microsimulation model of land-
based queues and transport strategies at marine transport terminals. Goerlandt and Kujala
(2010, 2011) and Rong et al. (2015) look at queues and flows of ships outside ports, while
Hasegawa (1990) uses this methodology to consider harbour design. Microsimulation models
are a useful tool for scenario planning, having also been used for disaster planning. Alam et
al. (2018, 2019) have employed these frameworks to look at transport planning in the case of
evacuation following a major flood event in a coastal city.

Spatial

The role of the marine economy, particularly in peripheral coastal areas, has seen the
development of models with a spatial dimension. Some input-output models allow for
analyses to be downscaled to single regions (Garza-Gil et al., 2017) whilst other downscale
using methods such as location quotients (Morrissey, 2015). In another microsimulation sub-
field, spatial microsimulation models have started to be used in spatial impact assessment at
the household level. Curtis et al. (2017) utilise a spatial microsimulation model, together with
survey data, to quantify the impact of recreational fishing on a remote coastal economy.
Morrissey et al. (2014) develop a spatial microsimulation model of the local economy to
model the distribution of marine income by sector at a spatial scale in Ireland. Farrell et al.
(2020) utilise the framework to assess the spatial impact of a marine renewable energy
investment while Hynes et al. (2021) also employ the approach to model the regional
employment effects of the Covid-19 pandemic across a range of marine industries.

Environmental

Given the increasing interest in environmental issues, input-output analyses have been
extended to incorporate environmental impacts (Zheng and Gao, 2015), with additional
arguments being made for the incorporation of social dimensions into ecosystem service
provision (Martino et al., 2019).

Lin and Nakamura (2019) consider an indirect marine environmental issue in relation to
the generation of plastic waste resulting in micro-plastics in the oceans. In relation to marine
natural resources, Heen (1989) use a bio-economic model to consider the impact of different
harvesting regimes, while Tsakiridis et al., (2020) use an input-output framework to compare
the carbon footprint of sea- and land-based protein sources. Elsewhere, Bagoulla and
Guillotreau (2020) utilise an input-output model to consider the emissions of the maritime
transport sector. Huang et al., (2015) incorporate environmental impact parameters in relation
to various pollution sources including air pollution, water consumption and water pollution in
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an integrated marine spatial planning tool to consider developments in tourism and
transportation.

A number of papers have also incorporated multiple dimensions. Wang et al. (2016) link
a regional social accounting matrix (SAM) model to an ecological model to incorporate
economic, environmental, and spatial dimensions of impact assessment for fisheries. Jin et al.
(2003) link an ecosystem matrix with resource multipliers to an input-output model. The
authors use this model to illustrate the effects of incorporating habitat destruction and
ecosystem structure on resource multipliers when simulating the economic impacts of
changes in primary production on final demands for fishery products. Combining spatial,
micro, and environmental dimensions, Hynes and O’Donoghue (2020) use a spatial
microsimulation framework to incorporate heterogeneous preferences of different population
groups on the willingness to pay for water quality improvement. Samuel-Ojo et al. (2015)
also use a spatial microsimulation model to simulate marine habitat changes, albeit focusing
on the bio-physical dimension of the implementation of a marine protected area strategy
rather than modelling the human dimension incorporated in other analyses here.

3. METHODOLOGY

The increasing need to develop national and international frameworks to address complex
policy issues is a key driver of interest in impact assessment. Some of the requirements from
the perspective of marine policy are:

e Breadth - a focus on multi-sectoral aspects of the ocean economy, rather than, for example,
fishing and seafood processing or transport;

e Depth - at the same time, there is a need for more in-depth analysis of specific sectors,
requiring single sector detail;

e Dimensionality - the impact assessment framework must be able to handle multiple
dimensions such as economic, social, spatial, and environmental;

e Systemic - it needs to be able to encompass a system-wide perspective such as the value
chain or innovation system.

In this section we shall describe a methodology involving input-output modelling and
microsimulation that covers many of these perspectives.

3.1 Input-Output Models

National level economic impact analysis of marine and bio-economy sectors in Ireland is
undertaken using the Bio-Economy input-output (BIO) model (Grealis and O’Donoghue,
2015). The BIO model has been developed as part of an incremental research programme to
disaggregate the national statistical institute’s input-output tables, starting initially with the
IMAGE model that disaggregated the food sector into sub-components (O’Toole and
Matthews, 2002). Later versions updated and streamlined the disaggregation process (Miller
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et al., 2014) and disaggregated the sea food sector (Vega et al., 2014). Updating the BIO
model using 2010 data, Grealis et al. (2015) further disaggregated the model to incorporate
the broader marine economy.

Extending the economic impact assessment focused input-output model, O’Donoghue et
al. (2019) incorporated life-cycle greenhouse gas emissions for the land-based sectors in
BIO-LCA, while Tsakiridis et al. (2020) extended the framework to incorporate GHG
emissions for sea fisheries (See Figure 2).

The framework has been used to undertake economic impact assessments in relation to
the output and employment impact of national strategies for the Food Harvest 2020 strategy
(Miller et al., 2014; Vega et al., 2014), the Food Wise 2025 strategy (Grealis and
O’Donoghue, 2015; Grealis et al., 2017), the Harnessing Our Ocean Wealth strategy (Grealis
et al., 2015) and discussions are currently underway in relation to its use in the assessment of
the Irish Agri-Food 2030 strategy and a possibly updated Irish integrated marine plan.

The BIO model takes the national supply and use tables that are typically updated every
five years to disaggregate:

e Primary food production;
e Food processing;
e The marine sectors (see Table 1).

The model disaggregates these sectors using data from the Teagasc National Farm
Survey, the CSO Census of Industrial Production and data collected in preparation of the
Irish Ocean Economy report (Tsakiridis et al., 2019).

The CSO supplies a number of data sets that provide information on turnover, gross value
added (GVA) and employment for all production sectors in the economy. This data is
collected across a number of censuses and surveys. In many cases, the data collected is
largely concerned with production activity: net output/turnover, input, value added, and
employment. However, there are a few data sets which also provide information on the nature
and volume of each industry’s intermediate consumption, i.e. the composition of their inputs
which is required in order to construct an input-output table. The CSO census and surveys
which provide data on Ireland’s marine sectors include the Census of Industrial Production
(CIP) 2007-2012, the Annual Services Inquiry (ASI) 2007-2012, the Building and
Construction Inquiry (BCI) 2007-2012 and Intrastat 2007-2012. The data relating to marine
activity from these censuses and surveys is provided at the NACE four-digit level. The
NACE code system is a pan-European classification system that groups enterprises according
to their business activities by assigning a unique 2-, 3- and 4-digit code to each industry.
Marine related NACE codes can be fully or partially marine activities. In the latter case,
proxies are used to identify the percentage attributable to the marine sector in the NACE
codes (see Tsakiridis et al. (2019) for more details).

Table 1 describes the bio-economy input-output marine sectors, their NACE codes, their
sub-sectors, where applicable and their primary data sources.
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Table 1. Bio-Economy Input Output Marine Sectors
Sector NACE Sub-Sector Primary Data
Codes Sources
Sea Fishing 03.1 Sea Fishing BIM
Agquaculture 03.2 Aquaculture BIM/SEMRU
Oil and Gas 06.1, 8.12 Oil and Gas CIP
and 09.9
Seafood Processing 10.2 Seafood Processing CIP
Marine Manufacturing 30.1 Marine Transport CIP
Engineering and Construction Equipment
33.15 Marine CIP
Repair/Installation

42.91 Marine Construction BCI

71 Marine Engineering SEMRU
Marine Retail Trade 47.23 Marine Retail Trade ASI/SEMRU
Marine Shipping and 50.1 and Marine Water ASI

Transport 50.2 Transport Services
52 Marine Warehousing ASI
77.34 Marine Rental and ASI
Leasing Services
Marine Tourism 55-56,79 Marine Tourism SEMRU/Filte
Ireland

It is assumed that each NACE disaggregated marine sector only produces products that
can be classified according to its matching Classification of Products by Activity (CPA) and
that no other sector produces those products. This means that each marine sector can be
disaggregated from its parent sector directly from the values displayed in the original input-
output table without the need to reconstruct the input-output table from a newly
disaggregated supply table. In the creation of the disaggregated input-output table, the
aggregate figures from the original published input-output table for 2010 from the CSO are
assumed to be correct with all balancing adjustments made with respect to preserving these
values.

With respect to product taxes and subsidies, in almost all instances reliable information
on product taxes and subsidies was not available for the disaggregated marine sectors. The
nominal values for the “Product Taxes less Subsidies” row were calculated pro-rata on the
basis of the ratio of total output from the sub-sector over the sector or sectors (the latter in the
case of “Marine Tourism”) from which they are disaggregated. Similarly, where data was
unavailable on the individual components of GVA, estimates are based on the ratio of total
output from the sub-sector over the sector from which it was disaggregated multiplied by the
GVA reported in the Irish Ocean Economy Report (Tsakiridis et al., 2019).

Where it is logically assumed that output from a sector that has a disaggregated marine
component flows to another sector that has a disaggregated marine component, the table will
reflect that inter-marine sectoral product flow. For example, for the fishing sector it is
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assumed that output flows from “Repair and Installation of Machinery” (NACE 33),
“Construction” (NACE 42) and “Rental and Leasing” (NACE 77) will come from the newly
disaggregated marine sector element of those sectors.

While a number of different methods were investigated to aid in the balancing of input-
output tables, the decision was taken to balance the disaggregated table manually. While a
number of balancing methods such as Cross-Entropy and GRAS were considered, some
unexpected results and, in some case, perverse outcomes were observed. All values across the
newly disaggregated rows and columns require individual scrutiny and must be deemed
credible in the context of the original input-output table and in the face of expert sectoral
knowledge. Pragmatic balancing decisions have been made where significant imbalances
were detected, particularly the destination of product outputs where very little information is
available. Any remaining nominal imbalances have been balanced though “Final Demand”.

Figure 1 describes the main purposes of the BIO model; either to simulate the impact of a
government strategy or to simulate the multiplier from investment in a novel technology. The
Leontief Inverse Matrix for the model is defined as normally as follows:

x=U-A)"1td (1)

Where d is final demand, x is final input, I is the identity matrix and A is the input-output
matrix, defined elements a;;, representing the amount of input i (xij) required per unit of
output j (xj). The sum of the columns generates the multiplier. The model allows for either

Type | (direct and indirect) or Type Il (direct, indirect, and induced) multipliers to be
calculated.

A strategic analysis, where a series of targets or objectives defined as O generates an
output multiplier x*:

x*=0.(1—A)"d )

Applying employment coefficients E, either average E, from the ratio of workers per unit
of output or marginal E},;, derived from a statistical model of marginal employment for each
sector as a function of marginal output, we can simulate the employment multiplier of the
strategy:

e* =E.0.(I—A)'.d 3)

In order to simulate greenhouse gas emissions, environmental burden coefficients r (the
ratio of environmental burdens to output for each sector) are applied to find a vector of total
environmental burdens associated with final demand (g*), denoted e (Kitzes, 2013). This
results in a hybrid input-output life-cycle assessment model (a combination of EE-10 and
Process LCA) known as BIO-LCA to analyse emissions embedded in the value chain in
Ireland similar to Munksgaard (2001).

g =r.0.1—-A)td 4)

In the BIO-LCA, the environmental burden coefficients, expressed as carbon dioxide
equivalents (C0,eq.) per million euros of output, include emissions from energy consumption
as well as process emissions (e.g. animal and soil emissions from agriculture). The e matrix
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captures both direct and indirect (or total) emissions that originate from sales to final

consumers (Kitzes, 2013). Direct emissions arise as a result of activities directly related to
production (rI). Indirect emissions are associated with direct and indirect suppliers and are
the difference between direct and total emissions.

Novel
Tech/Practice
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Figure 1.
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The Bio-Economy Input-Output Model Framework

The other type of analysis used by the modelling framework is to simulate the
development of new sectors deriving from novel technologies. This typically involves
developing a value chain map like that described in Figure 2, which describes the main
connections in the value chain, outlining the structure of the value chain with flows, potential
flows, and sectoral actors. New technologies have future and unpredictable impacts and so
one often does not have sufficient historical information to assess the potential impact. The
modelling framework considers five different dimensions:

Engineering cost and efficiency of the model

The impact of risk and volatility

The economic impact upon the user and developer of the technology via learning

The impact upon the national economy

The environmental impact of the technology

The cost structure is calculated using engineering or pilot plant data to produce a new
input-output matrix A’ and consequential Inverse Leotief matrix (I — A")~1, enabling us to
perform economic and environmental impact analysis as above:
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X*=0.(I-AN"1d (5)
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Figure 2.  Value Chain Map of the Aquaculture Sector

Source: Tsakiridis et al., (2020)

3.2 Spatial Microsimulation Modelling

In order to assess social and spatial dimensions, we utilise a model that combines both
micro distributional characteristics and spatial characteristics. Although a regional input-
output model has been developed (O’Donoghue, 2021), lack of data availability has meant
that the regional model uses aggregated sectors, so disaggregated marine sectors at this
spatial level do not exist. Additionally, while Hynes and Farrelly (2012) have utilised small
area population census data to characterise the coastal economy, census data in Ireland does
not contain income, nor are sectors disaggregated into marine sectors. In order to undertake
impact assessments of changing policy or technology, our modelling framework supplements
existing aggregate-level economic and environmental assessment by providing a spatially
explicit distributional analysis of both the costs and benefits of change to be imposed on
households. This is carried out by applying a novel methodology to the field of impact
assessment: spatial microsimulation (O'Donoghue, et al., 2014; O'Donoghue, 2014).

Spatial microsimulation has previously been used to estimate the distributional effect of
public policy and economic change (O'Donoghue et al., 2012). Although well established in
the area of redistributive policy analysis, spatial microsimulation is still an emerging field for
assessing regional employment changes. To date, studies employed have either been of a
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demonstrative nature (Ballas et al., 2006) or have focused on population dynamics (Rephann
et al., 2005).

Figure 3 describes the broad structure of the Simulation Model of the Irish Local
Economy (SMILE). The fundamental analytical driver of much of the spatial microsimulation
literature is to link together data with different attributes to undertake policy analysis with
both spatial and social or distributional implications. Many datasets contain one or other of
these components, but it is rare to have data with both spatial and social dimensions. Spatial
microsimulation models use data enhancement techniques like simulated annealing or quota
sample matching (O’Donoghue et al., 2014) to produce coherent spatial and social data.

SMILE uses quota sample matching to sample data from a relevant micro dataset to be
consistent with small area spatial data. While there is a farm-level model (O’Donoghue,
2017), the marine disaggregated analyses focus on the household unit of analysis, where
households are sampled from the Eurostat Survey of Income and Living Conditions (SILC)
that contains income, demographic, and labour market data to be consistent with the CSO
Census of Population small area statistics. Additional data on expenditure is statistically
matched into this dataset for consumption analyses. One of the features of the Census of
Population is the availability of detailed origin and destination data at a micro level by
industry, which allows the researcher to incorporate both place of residence and place of
work, giving the commuting footprint of different locations. The model is representative at
the level of the electoral division (ED). As in