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Abstract 

Effectively managing Marine Protected Areas (MPAs) requires recognising and understanding the 

fundamental services offered by marine ecosystems and the socio-economic consequences that 

their changes will have. A systematic literature review was performed to generate a first in-detail 

screening and assessment of monetary and non-monetary methods for the valuation of ecosystem 

services (ES) and their application in MPAs and MPA networks. A total of 100 peer-reviewed papers 

on ES valuation within MPAs and MPA networks were identified and analysed. Valuation methods 

can be classified into nine monetary and seven non-monetary methodologies. There is a 

predominant use of monetary valuation methodologies, especially stated preference methods. 
However, combining monetary with non-monetary valuation approaches can provide deeper 

insights into the underlying reasons for assigning values to ES and offer enhanced opportunities to 

capture the value of services that may be challenging to express solely in monetary terms. Besides, 

the review underscores the gaps in assessment methodologies, particularly in addressing supporting 

and regulating ES, as well as non-use and option values related to MPAs, underscoring the need for 

innovative approaches to overcome challenges in capturing these essential components of marine 

ecosystems. 
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1. Introduction 

Marine Protected Areas (MPAs) are designated areas legally protected and managed for the 

conservation and sustainable use of marine ecosystems and biodiversity. The protected areas can 

vary in size and management objectives. They can be classified based on their level of protection 

into distinct types ranging from multiple-use areas to fully protected and reinforced closure zones. 

The benefits of MPAs include safeguarding marine biodiversity and supporting ecosystem services 

(ES), enhancing resilience to climatic impacts, and combating marine pollution (Angulo-Valdés and 

Hatcher, 2010; Micheli et al., 2012). These area-based conservation measures are established 

through various mechanisms, including legislation, international agreements, and community-

based management. The effectiveness of MPAs depends on several factors, including their size, 

location, level of protection, and management regime, as well as their level of community 

participation and support (Bennett, 2016; Claudet et al., 2008; Guidetti et al., 2008). A report by the 

NGO Oceana found that more than half of the MPAs within Europe had no management plan and, 

thus, have the potential to increase their effectiveness (Perry et al., 2020).  

To effectively manage an MPA, it is crucial to identify and understand the sociologic, ecologic, and 

economic benefits that marine ecosystems provide. The direct and indirect benefits people obtain 

from nature are referred to as ecosystem services (ES) (Pascual et al., 2022). The ES can generally 

be categorised into four types: provisioning (e.g., food), cultural (e.g., tourism), regulating (e.g., 

flood protection), and supporting services (e.g., habitat provision) (M.E.A., 2005). The ES concept 

provides a formal framework for analysing and quantifying nature's contributions to human well-

being. Valuing and monitoring the state of ES is essential for assessing the socio-economic 

consequences of service degradation and informing sustainable management practices, thereby 

contributing to the preservation of marine environments for future generations. 

An ES valuation can be defined as the process of expressing a value for an action or object, and the 

benefits it offers (Farber et al., 2002). Angulo-Valdés and Hatcher (2010) defined 99 benefits 

provided by MPAs. A wide range of methods and techniques are available to value these benefits. 

Proper valuation can enhance marine and environmental management by accounting for ecosystem 

services that might otherwise go unrecognised, mainly when these services are not traded in 

markets (Daily, 1997; Hattam et al., 2015). However, the concept of ES and their valuation does not 

come without its critics. Most arguments state that the anthropocentric perspective of the concept 

overlooks the intrinsic value of nature (Schröter et al., 2014).  

ES valuation can be approached either through the ES framework, which classifies services based 

on their types, or the Total Economic Value (TEV) framework, which considers the various values 

people derive from these services (de Groot et al., 2002; M.E.A., 2005; Plottu and Plottu, 2007). 

Both frameworks, commonly used in environmental economics, can be employed complementarily 

to achieve a more comprehensive assessment of ES. Despite TEV and the ES framework sharing 

common goals, they exhibit distinctions in their scope, methodologies, and objectives. The TEV 

provides a broader economic perspective by incorporating both market and non-market values and 
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utilises a variety of methods, such as stated and revealed preference techniques, to assess the 

different values derived from ES. On the other hand, the ES framework is based on a detailed 

understanding of the specific services ecosystems provide, often employing mapping, modelling, 

and quantitative methods in the process. For both frameworks, the choice of adequate methods or 

techniques depends on the context and objectives of the study. In general, these valuation methods 

can either be monetary or non-monetary. In the context of MPAs, the significance of integrating 

multiple valuation frameworks becomes evident. For example, De Valck et al. (2023) highlight this 

in their study on managing the Australian Great Barrier Reef. They emphasise the importance of 

using different valuation frameworks, including the ES and TEV frameworks, to capture the full range 

of ecosystem services and benefits (De Valck et al., 2023). Their research illustrates how employing 

both frameworks leads to a more comprehensive and sustainable management of ecosystem 

services in MPAs. 

Monetary ES valuation can be used for all types of ES (i.e., provisioning, regulating, cultural, and 

supporting) and can estimate (direct and indirect) use values, non-use values, and option values. 

Use values can be associated with the use of the ES (such as fishery and mining), while non-use 

values can be associated with long-term sustainability and the preservation of intrinsic values of 

ecosystems (Failler et al., 2019). The latter can refer to the existence value, i.e., the satisfaction an 

individual gets from knowing an environmental asset will be preserved (independently of any use), 

or the bequest value, i.e., the satisfaction that individuals derive from knowing that a resource will 

be preserved for use by successive generations. The notion of the option value, introduced by 

Weisbrod (1964), is defined as the price that individuals are willing to pay to conserve an element 

because of its possible use in the future. This value displays the characteristics of a risk aversion 

premium. It refers to all use values (direct and indirect) that can be realised in the future.  

The benefit of monetary valuation is that it expresses everything in a common metric, facilitating a 

better understanding of trade-offs and ensuring that ecosystem services are considered in decision-

making and investment processes (Qu et al., 2021). However, the difficulty of monetary valuation 

increases when the value is less tangible to individuals, meaning that the non-use value is more 

difficult to measure than the use value. Valuing an ecosystem service, especially when involving 

target populations, requires participants to fully understand the service and its benefits. However, 

some services rely on complex biophysical mechanisms, primarily regulating and supporting 

services, which can make their valuation more challenging (Small et al., 2017). In addition, double 

counting may occur because supporting services often underpin the other three types of services 

(Fu et al., 2011).  

Critics argue that assigning a monetary value to nature is ethically questionable, as it reduces the 

complexity of natural benefits to mere monetary terms, thereby neglecting certain aspects that are 

difficult to quantify in financial metrics (Angulo-Valdés and Hatcher, 2010). Non-monetary ES 

valuation goes beyond traditional economic methods and seeks to capture the full range of benefits 

associated with ecosystems, including those that are difficult or impossible to quantify in monetary 

terms. A non-monetary valuation can be both quantitative (e.g., number of species saved, or 
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number of homes affected) or qualitative (e.g., scale-based such as ‘poor’, ‘good’, or ‘excellent’) 

(Martin and Mazzotta, 2018). It often includes participatory approaches, involving stakeholders in 

the valuation process to capture their perceptions, attitudes, and values towards the ecosystems 

and the services they provide (Cheng et al., 2019). The perspectives of stakeholders cannot be 

ignored in valuation processes as ES are intimately tied to the well-being and livelihoods of people 

and communities affected (Burdon et al., 2019). Different stakeholders have different interests, 

values, and knowledge related to ES, and their involvement in the valuation process ensures that 

these diverse perspectives are considered and integrated into decision-making (Baker et al., 2021; 

Belgrano et al., 2018). Additionally, involving stakeholders builds trust, promotes transparency, and 

can lead to more socially and environmentally just outcomes. Overall, the non-monetary valuation 

of ES provides a more comprehensive understanding of ecosystems and can inform policy and 

decision-making processes on the value of ES that are difficult to monetise (Cheng et al., 2019). 

However, decision-makers can overlook non-monetary values because they lack a common 

economic unit. It is more difficult to compare the values of different types of ES when they are 

expressed in various quantitative and qualitative units. 

Previous (review) studies predominantly concentrated on country-specific valuations or certain 

types of valuations, particularly those related to monetary considerations (Norton et al., 2018; Qu 

et al., 2021; UNEP, 2014). However, there is currently no comprehensive review of all existing 

methods for the valuation of different types of ES and how they are employed and combined to 

inform the design and management of MPAs. In response to this research gap, the present study 

conducts a systematic review of ES valuation methods and their applications in MPA and MPA 

networks. The primary aim of this review is to provide a detailed account of the valuation methods 

most commonly employed, to highlight emerging methodologies, and to identify areas that remain 

largely unexplored. Specifically, we seek to (1) examine the diversity of valuation techniques used 

to assess different types of ES in MPAs, (2) analyse which type of values are emphasized, and (3) 

uncover gaps in current valuation approaches. Through this nuanced analysis, we offer valuable 

insights to valuation practitioners, both within academia and more practical fields, into the 

strengths and limitations of various approaches guiding upcoming initiatives in the valuation of ES 

in the specific context of MPAs and MPA networks. 

2. Method 

We performed a systematic literature review to advance the scientific understanding of how 

monetary and non-monetary valuations are being performed within MPAs and MPA networks. This 

systematic literature review was guided by the Preferred Reporting Items for Systematic Review and 

Meta-Analysis (PRISMA) Statement standards (Page et al., 2021). A literature search of English-

language documents was done on the Web of Science up to and including 2023, with the following 

keywords: “marine protected area*” or “marine reserve*” or “marine park*” and “ecosystem 

service* valuation” or “cultural ecosystem service* assessment” or “provisioning ecosystem 
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service* assessment” or “regulating ecosystem service* assessment” 1. Only peer-reviewed papers 

have been considered to guarantee the quality of the publications. No date restrictions were applied 

in the selection of studies for this review. Initially, the search resulted in 307 papers (excluding 

duplicates). A full-text screening was performed for all 307 papers. Studies were retained if they (1) 

performed or summarised ES valuation methods and (2) particularly focused on MPAs or MPA 

networks. After the first screening, a total of 100 papers were included in the final review database. 

The final list of included papers can be found in Supplementary Materials A1. 

For each article included in the final review database, the following data was retrieved: (1) Author 

names, journal, publication year, the aim of the study and reason for valuation, and main results; 

(2) Whether the article provides a general overview of ES valuation methods for MPAs and MPA 

networks or is an application of these methods to a specific MPA or MPA network; (3) Whether the 

application has been performed inside or outside Europe; (4) The valuation method(s); (5) Whether 

this method is monetary, non-monetary, or mixed; (6) The type of value assessed, i.e., use, non-use, 

and option values; and (7) The type of service assessed. The ES were classified according to the 

Common International Classification of Ecosystem Services (CICES) in (1) provisioning, (2) cultural, 

and (3) regulating and maintenance. Here, the ‘supporting’ services are considered part of the 

underlying structures, processes, and functions that characterise ecosystems (Haines-Young and 

Potschin, 2018).  However, given the strong focus in the literature on supporting services, we 

included "supporting" as a fourth category when evaluating the types of services. All the information 

was systematically collected from the included papers, compiling the data into a comprehensive 

database (Supplementary Materials B). The results section compiles an overview of all ES valuation 

methods, and with every method explained, examples are provided within the context of an MPA 

to clearly illustrate how given methods can be useful in the marine realm. This approach not only 

enhances the comprehensibility of the methods but also demonstrates their practical applicability. 

The prevalence of different valuation methods and (types of) values were examined, and the most 

utilised methods and values were highlighted, as well as those that received less attention.  

3. Results 

3.1 General  

The 100 included papers were published between 2003 and 2023. The most frequently used 

scientific journals were ‘Ecosystem Services’ (n=16), ‘Ocean and Coastal Management’ (n=15), and 

‘Marine Policy’ (n=12). Of the 100 papers, nine focused on general techniques and methods for ES 

valuation in MPAs and 91 showcased actual applications. The application papers mainly focused on 

monetary valuation (n=47), some on non-monetary valuation (n=25), and others mixed both 

monetary and non-monetary valuations (n=19). There is a balanced spread between application 

papers focusing on European (n=44) and non-European (n=44) case studies. Three studies 

 

1 The asterisk (*) represents any group of characters, including no character for searching in the Web of Science 
(https://webofscience.help.clarivate.com/en-us/Content/search-rules.htm). In this case, the asterisk was used to 
include both the plural and singular forms in searching. 
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considered both European and non-European areas  (Figure 1). Most application papers provide 

cases in the United Kingdom (n=24). This observation prompts consideration of potential language 

bias, which may contribute to the prevalence of publications from English-speaking countries. 

Fourteen (n=14) of the application papers specifically focus on MPA networks. 

 

Figure 1. Global distribution of published research, based on study locations, applying valuation 

methods in the context of Marine Protected Areas (MPAs) and MPA networks.  

3.2 Objectives of ES valuation 

ES valuation can be used for distinct purposes and for a diverse range of motivations. Two primary 

justifications for the valuation of ES were found in the literature investigated. The first pertains to 

its use for decision-making processes, while the second focuses on enhancing effective 

communication. First, to improve decision-making, ES valuation collects pertinent information for 

various aspects such as the current state of the ecosystem, spatial planning (Gomes et al., 2018), 

coastal development, and conservation management (Burdon et al., 2019). This can provide 

decision-makers with relevant data for better budget allocation (Failler et al., 2019), advising on 

trade-offs (Outeiro et al., 2019), and formulating strategies to facilitate restoration or prevent 

degradation (e.g., by implementing park fees (Robles-Zavala and Chang Reynoso, 2018)). Second, 

enhancing communication, particularly concerning the value of ecological ecosystems, is imperative 

for garnering increased support from stakeholders for marine projects, as well as novel policies and 

strategies (Vassallo et al., 2017). Furthermore, the valuation of ES can serve as a communication 

tool for resolving conflicts that may arise within these contexts (Lopes and Villasante, 2018). While 

there are two primary justifications for the valuation of ES found in the literature investigated—

decision-making and communication—these motivations are not mutually exclusive. Effective 

communication can play a crucial role in supporting and improving decision-making. 
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ES valuation can be conducted both ex-ante (Jobstvogt et al., 2014; Lan et al., 2021) and ex-post 

(Failler et al., 2019; Johnson et al., 2019), providing insights before and after the implementation of 

an MPA or MPA network. Ex-ante valuations enable decision-makers to assess the potential benefits 

and costs of establishing an MPA or connecting MPAs into a network, aiding in the design and 

planning stages. Ex-post valuations allow for the evaluation of the actual impacts and effectiveness 

of an established MPA, informing adaptive management strategies and policy adjustments. 

However, both ex-ante and ex-post assessments have their respective challenges. These challenges 

are linked to (1) the inaccuracy of quantifying values for ES due to difficulties in measurement and 

calculations, (2) the broad range of methodologies and assumptions within valuation assessments, 

which might hinder comparability between studies, and (3) the complex nature of integrating 

preferences and needs of different stakeholders.   

3.3  Monetary valuation 

Markets usually fail to capture the actual value of ES (Costanza and Liu, 2014). In this case, monetary 

valuation can provide a monetary measurement for ES. Such valuation exercises enable and ease 

the inclusion of the benefits of biodiversity into decision-making processes, weighing them against 

the costs of conservation (Rands et al., 2010). The monetary valuation of ES can, thus, be used to 

advocate the protection of MPAs for policymakers. The monetary valuation of services can also 

justify investments in ecosystem management, which can help avoid future restoration costs and 

enable comparisons of economic welfare between decisions and policies related to MPAs (Balmford 

et al., 2002). 

Most papers analysed in this review (66 out of 91 application papers, including mixed approaches) 

rely on monetary approaches, with a clear preference for stated preference methodologies, such as 

contingent valuation and discrete choice experiments. Depending on the goal of the study and the 

ecosystem service under evaluation, a different monetary approach or combination of approaches 

can be used. Based on the information retrieved within this review study, an overview of nine 

method categories is provided for a monetary valuation of ES currently used for their assessment in 

MPAs and MPA networks (Figure 2). 

3.3.1 Stated and revealed preference methods 

The stated preference methodology elicits people’s preferences for hypothetical goods or services, 

using interviews, surveys, or other data collection techniques. Two common types of stated 

preference methods are used to value ES: (1) contingent valuation and (2) choice modelling  (Pearce 

and Ozdemiroglu, 2002). Contingent valuation asks individuals directly about their willingness to 

pay (or accept) (WTP or WTA) for a good or service (Mitchell and Carson, 1989). In choice modelling, 

the WTP or WTA is estimated more indirectly; respondents are presented with multiple alternative 

descriptions, differentiated by attributes and their levels, of a service, and are asked to rank them, 

rate them (contingent ranking, contingent rating, and paired comparison), or choose their most 

preferred one (discrete choice experiment, DCE) (Hanley et al., 2001; Louviere and Hensher, 1982). 

Most of the papers found in this review (51 out of 91 application papers) applied a contingent 

valuation and/or a DCE. The WTP for marine conservation in general (Wang et al., 2022), or applied 
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to some more specific ecosystem features (e.g., conserving a shark population), were calculated, for 

example, to justify a tax increase or the implementation of an entrance fee for marine reserves 

(examples are: Brouwer et al., 2016; Castaño-Isaza et al., 2015; Daly et al., 2015; Ison et al., 2021; 

Malinauskaite et al., 2020; Yu et al., 2018). 

 
The revealed preference methodology assesses people’s preferences for a good or service by 

observing their actual behaviour, for example, by monitoring which goods people buy or which 

places they visit. The travel cost method (applied by 8 out of 91 application papers) and hedonic 

pricing method (applied by 4 out of 91 application papers) are two revealed preference methods, 

both using regression analysis for their calculations. The travel cost method (TCM), first suggested 

by Hotelling (1949), is often used to estimate the recreational value of marine and coastal areas. 

The method assumes that the travel cost is the implicit price visitors pay for their trip to access 

(recreational) sites (e.g., a beach) or to be able to take part in an activity (Zhang et al., 2015). An 

example is provided by Trujillo et al. (2017), who estimated the financial benefits of scuba diving 

services in the coral reefs of Rosario and San Bernardo National Park in Colombia (Trujillo et al., 

2017). Hedonic pricing analyses the relationship between the price of a good or service and the 

characteristics that determine its value (e.g., the market price of a house) (Angulo-Valdés and 

Hatcher, 2010). For example, the assessment of cultural ES can be done by studying how the 

proximity of aquaculture and scenic areas influence housing prices (Spanou et al., 2020). The same 

was done by Banarsyadhimi et al. (2022), who applied a hedonic model to monetise the cultural ES 

at the Gili Matra Islands. They discovered that housing prices were higher near the coastline (with 

sunset views) and beach spots, although this varied between different islands (Banarsyadhimi et al., 

2022). 

3.3.2 Input valuation methods 

Input valuation methods assess how changes in the environment impact biological resources or 

ecological services and, thereby, economic activities. Thus, biological resources or ecosystem 

services (e.g., fisheries) are treated as an “input” to the outputs of production (e.g., marketed fish 

catch). Input valuation methods (applied by 17 out of 91 application papers) can be cost-based, 

production function-based, or market-based (UNEP, 2014).  

The cost-based method is a type of input valuation method that analyses the value of the inputs 

that are necessary to produce the non-market good or service. For this, one could rely on the 

replacement cost or the damage cost method. The replacement cost method (applied by 4 out of  

91 application papers) can, for example, be used to value storm prevention and flood mitigation 

services by estimating the costs of replacing coastal habitats by constructing physical barriers to 

perform these services (Barbier, 2016; Gravestock and Sheppard, 2015). Another example is 

provided by Watson et al. (2020), who valued natural N and P removal rates for maintaining good 

water quality by using the cost difference associated with human-generated alternatives (Watson 

et al., 2020). However, economists caution against using the replacement cost approach to estimate 

the value of ES like storm protection or bioremediation. This is because it involves estimating 

benefits based on costs, and human-built solutions are often not the most cost-effective means of 
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providing a service (Barbier, 2016). An alternative to the replacement cost method is the damage 

cost method (applied by 3 out of 91 application papers). Barbier (2016) used the expected damage 

function approach to estimate coastal protection provided by mangroves. A non-market ecosystem 

service, such as the protection of a property or a human life, is valued by using the environment as 

an input to a benefit. However, this method has limitations as well, especially regarding risk-averse 

households, and may not accurately represent their willingness to pay to avoid risks. If households 

are highly risk-averse, the option price for reducing the risk might exceed the expected damages 

(Freeman, 2003). 

The production function method is another type of input valuation, closely linked with the cost-

based ones, which analyses the relationships between the inputs used to produce a good or service 

and its output. For example, in the case of commercial fisheries, the value of the fishery as an 

ecosystem service can be estimated through changes in production and its impact on welfare (Pascal 

et al., 2018). There are two approaches to this estimation: static and dynamic (Barbier, 2000). In 

static approaches, the estimation is calculated through changes in producer and consumer surplus 

measures, which are affected by environmental changes. For example, in the case of fisheries, 

declining fish stocks diminish both producers’ and consumers’ welfare. In dynamic approaches, 

change is considered to have an intemporal, “bioeconomic” effect. In the case of fisheries, this 

would mean that changes in the environment could be modelled as part of the fish stock's growth 

function, which again impacts social welfare. Cost-based methods and production function methods 

usually depend on biophysical and ecological modelling expertise, as well as data concerning 

production and markets.  

Market-based methods (applied by 17 out of 91 application papers) follow the principle of shadow 

pricing. Market prices of related goods and services are used as a proxy for the value of the non-

market good or service. For example, it is assumed that the market price of fish reflects the value 

people place on the fish and the ecosystem supporting the fishery. Sagoe et al. (2021) estimated 

the values for finfish and shellfish harvested annually as a proxy to express the income that would 

have been lost in the absence of nursery services provided by the marine habitats in Ghana (Sagoe 

et al., 2021). In addition, carbon market prices can be used to value carbon sequestration (Watson 

et al., 2020). Sagoe et al. (2021) value carbon storage and cycling by connecting carbon storage 

models with the unit price of carbon (EU ETS). 

3.3.3 Benefit transfer method 

The benefit transfer (BT) method is an indirect economic procedure that uses existing valuations of 

similar ecosystems and their services in other locations to estimate the values within a new study 

area (often referred to as ‘the policy site’) (Johnston and Rosenberger, 2009). This is especially the 

case for economic values. The benefit-transfer method is based on extrapolating values from one 

context to another, highlighting the importance of matching the two to obtain reliable results. 

(Barbier, 2016). Benefit transfer was used in 8 out of 91 application papers within this review. For 

example, Hussain et al. (2010) estimated the benefits of a proposed network of marine conservation 

zones in the UK (Hussain et al., 2010). However, the authors question the use of benefit transfer to 
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accurately assess ES and create policy evidence because of the lack of primary data and the fact that 

benefits in other studies are often reported in aggregated terms. Hicks et al. (2009) assessed ES 

related to waste regulation, coastal protection, habitat, and biological control on the Kenyan coast 

using past studies and corrected for inflation (Hicks et al., 2009). 

Figure 2. Number of application papers that applied monetary valuation methods. Note: Some 

papers applied multiple methods. More details regarding the application of specific methods in each 

study (per study ID) can be found in Supplementary Materials A2. 

3.4  Non-monetary valuation 

Unlike monetary values, which can be easily integrated into economic frameworks, non-monetary 

values often encompass both tangible ecological and intangible cultural aspects that are complex to 

measure and difficult to compare across different contexts. Monetary values provide a more 

straightforward and recognisable basis for justifying conservation efforts, as they can be directly 

compared to costs and benefits (Rees et al., 2010). As a result, compared to monetary valuation, 

the application of non-monetary approaches for ES valuation remains more limited within the 

literature despite their potential to capture a broader range of values, avoid many assumptions on 

economic values, and inform holistic management strategies. Most non-monetary applications 

either focus on biophysical modelling or use surveys and interviews with mapping, Likert scales, and 

open-ended questions to value ES. This review found 44 application papers applying non-monetary 

valuation (including mixed approaches). We outline seven possible non-monetary method 

categories for ES valuation for MPA and MPA networks (Figure 3). 

3.4.1 Biophysical modelling and mapping 

Instead of valuing ecosystems from a socioeconomic point of view, based on market prices and 

human preferences, one can also follow a biophysical perspective (Franzese et al., 2017). This 

approach allows for an intrinsic valuation of natural capital, going beyond sole anthropocentric 

values. 

Biophysical modelling and mapping (applied by 14 out of 91 application papers) can include 

observations, monitoring, surveys, and interviews to gather data. Biophysical modelling makes use 
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of various methods such as carbon or water (quality) footprint models (Nahuelhual et al., 2020) and 

emergy (the amount of energy consumed to make a product or service) accounting. Mapping 

software is often used to spatially link biological data to existing and proposed conservation areas 

(i.e., creating biological valuation maps) (Gomes et al., 2018). The Marine Biological Valuation (MBV) 

protocol has been used to assess the biological value of MPAs (Derous et al., 2007; Gomes et al., 

2018). The value of an area is assessed for different indicators in terms of its resilience and stability 

of species and species assemblages (Węsławski et al., 2009).  

The (carbon) footprint analysis can be performed through a life cycle assessment (LCA) approach. 

This allows practitioners to calculate CO2 equivalent emissions using software such as Open LCA or 

SimaPro and databases such as Ecoinvent. Methods such as Social Cost of Carbon (SCC) or 

Abatement Cost (AC) can be used to quantify emissions in monetary values (Dauwe et al., 2023; 

Tyllianakis et al., 2020; Visintin et al., 2022). The SCC is the marginal cost of damage caused by 

carbon emissions or the marginal benefit resulting from reduced greenhouse gas emissions (Pearce 

and Pretty, 1993). Abatement costs reflect the cost of policies required to mitigate the damages 

from the emission of an extra ton of CO2 (Tyllianakis et al., 2020). Applications of this method were 

found in Tyllianakis et al. (2020) and Visintin et al. (2022), which valued carbon sequestration and 

storage for an area including multiple MPAs in the UK and one in Italy, respectively. 

Emergy accounting, another technique for environmental accounting, has been applied by, for 

example, Vassallo et al. (2017), where the accounting procedure relies on trophodynamic analysis 

to value natural capital in MPAs. Emergy accounting provides a value of natural and human-made 

capital by assessing the cost of production in terms of biophysical flows used to support its 

generation (Franzese et al., 2017). Economic valuation can be added based on economic approaches 

such as benefit transfer (Vassallo et al., 2013). Vassallo et al. (2013) did this to value the ES provided 

by a seagrass ecosystem in Italy. 

3.4.2 Participatory techniques 

Participatory techniques are often used for non-monetary ES valuation as they allow for the 

engagement of a broad range of stakeholders in the decision-making process. It is essential to 

recognise that different stakeholders have different values, needs, and expectations when it comes 

to the use and management of natural resources. Using participatory techniques, following a 

bottom-up approach, ES valuation can reflect the priorities and perspectives of First Nations peoples 

and other indigenous groups, local communities, tourists, and other stakeholders. Furthermore, 

participatory approaches can help to build trust and social capital among stakeholders, leading to 

more effective and collaborative management of MPAs. 

Quantitative information on the values of ES can be gathered by assessments, usually through 

surveys, using rating and ranking questions (applied by 14 out of 91 papers), while qualitative 

information is collected by open questions, in surveys, interviews, focus group discussions, and 

using storytelling (comprehensively applied by 7 out of 91 papers). For example, Slater et al. (2020) 

used a set of linked participatory workshops for cross-sector stakeholder involvement to aid 
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decision-making for a licensing decision for offshore wind farms in the North Sea (UK) (Slater et al., 

2020). The workshops resulted in spatial data, a list of benefits and ES, and a conceptual map 

exploring linkages and trade-offs between existing and new marine activities and ES. In addition, 

surveys have been widely applied to assess well-being resulting from ES. An example was developed 

by Kenter et al. (2016), who provided a set of 15 non-monetary indicators which reflect well-being 

(e.g., rating the statement ‘I have felt touched by the beauty of these sites’) (Kenter et al., 2016). 

These have been further applied by Spanou et al. (2020) to value cultural ES on the West Coast of 

Scotland. 

Specific methodologies have been developed for participatory research using the techniques 

explained in the previous section (workshops, interviews, and surveys). One example is the 

Community Voice Method, which was applied by Ainsworth et al. (2019) to involve marine 

stakeholders in the UK to improve the valuation of coastal and marine cultural ES(Ainsworth et al., 

2019). The Community Voice Method (http://communityvoicemethod.org/) is a technique using 

interviews that shows great promise in gathering and conveying diverse stakeholder perspectives 

in a democratic, cohesive, and non-confrontational manner (Cumming and Norwood, 2012). This 

method identifies shared values and subjective experiences, establishes management options and 

criteria, and develops value indicators for different environmental benefits and policy options 

through workshops. 

Participatory mapping encompasses another group of methods that deal with participatory 

processes to map socio-economic conditions (and their relations), hotspots, social perceptions, 

values and priorities, mainly focusing on the valuation of cultural ES (Nahuelhual et al., 2020). In this 

review, 16 out of 91 papers apply these mapping exercises. Social (or cultural) mapping pertains to 

the process of identifying and delineating specific geographical areas that hold value and cultural 

significance. Data can be collected by asking respondents to map values to certain locations, 

inquiring them about the number and frequency of visits, or using databases with the number of 

visitors or photos taken in specific locations. For example, Johnson et al. (2019) applied the PPGIS 

(Public Participation Geographic Information Systems) approach to compare how social values 

relate to landscape metrics. Rees et al. (2010) employed a simple method for identifying 

recreational hotspots by asking respondents to indicate the frequency of their visits to specific sites 

on a scale of 1 to 5. This approach offers a simple and practical way to identify areas with high levels 

of recreational activity (Rees et al., 2010). Cunha et al. (2018) used the InVEST® (Integrated 

Valuation of Ecosystem Services and Tradeoffs) model to calculate the number of photos in Flickr in 

a Portuguese MPA as a proxy for the number of visitors (Cunha et al., 2018). 

A final example of a participatory method is the Q methodology, which is applied to one MPA in our 

literature review by Pike et al. (2015). The Q methodology uses a series of interviews to derive 

‘factors’ of value for its stakeholders, allowing the incorporation of minority viewpoints. The Q 

method can map the views of stakeholders and is especially applicable to examining cultural ES that 

are more difficult to measure (Pike et al., 2015). It can help decision-makers understand where and 

how stakeholders within MPAs ‘place value’ on cultural ES.  
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3.4.3 Multi-criteria decision analysis 

The multi-criteria decision analysis (MCDA) is a method of ‘aggregation’ and is applied in 5 out 91 

papers in this review. Different MCDA techniques exist such as global and local multi-attribute 

scaling, the analytical hierarchy process, and compromise programming (Martin and Mazzotta, 

2018). The MCDA is a non-monetary method in itself but can be used to combine monetary and 

non-monetary ES values. The MCDA can be organised in a participatory way, engaging stakeholders 

in decision-making by identifying and prioritising relevant criteria. For example, Lopes and Videira 

(2019) developed PArticulatES, a three-stage framework for participatory MCDA that was 

successfully piloted in the Arrábida Natural Park in Portugal to value ES. The framework provides a 

coherent platform for engaging stakeholders in scoping, assessment, and decision support to make 

informed decisions about ecosystem management and protection (Lopes and Videira, 2019). 

 
Figure 3. Number of application papers that applied non-monetary valuation methods. Note: 

Some papers applied multiple methods. More details regarding the application of specific methods 

in each study (per study ID) can be found in Supplementary Materials A2. 

 

3.5 Mixed methods 

Nineteen application papers use a mixed approach, combining monetary with non-monetary 

approaches. Kenter et al. (2016) emphasise that non-monetary valuation is often valuable in 

understanding the meaning associated with monetary values. For example, Spanou et al. (2020) 

developed a valuation approach that included non-monetary valuation through an eudaemonic 

well-being questionnaire and monetary valuation through hedonic pricing. Chen et al. (2018) 

combined data from interviews and questionnaires with a contingent valuation approach to 

evaluate public perceptions and WTP for ES in Taiwanese fishery resource conservation zones (Chen 

et al., 2018). The Total Social Value (TSV) concept, instead of the TEV, can be followed to include 

ecological value, economic value, and socio-cultural value, which should be measured by both 

monetary and non-monetary approaches. An integration of both natural and social sciences, 

together with stakeholder analysis and engagement, is important for a more comprehensive 

valuation of ES.  
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3.6. The Total Economic Value and Ecosystem Services 

The reviewed studies were analysed using the TEV and ES approaches. In this section, the types of 

values and ES targeted in the studies were identified (Figures 4 and 5). In most of the reviewed 

papers, the specific components of the values assessed are not explicitly stated. Therefore, based 

on their expertise, the authors of this paper categorised the different ES into the values of the TEV. 

This categorisation was derived from the authors' interpretation of the texts, using the definitions 

of TEV to infer and classify the components accordingly. 

The studies included in this review can be categorised based on the types of values they evaluate 

(Figure 4): 

1. Studies focusing only on "use values": most reviewed studies focus on use values (n=43), 

examining the direct and indirect benefits people derive from MPAs and MPA networks. 

These benefits include: 

• Recreational benefits: activities such as snorkelling and diving (e.g., Banarsyadhimi 

et al., 2022; Casey and Schuhmann, 2019; Christie et al., 2015; Daly et al., 2015; Rees 

et al., 2010). 

• Economic benefits: activities such as fishing (e.g., Christie et al., 2015; Failler et al., 

2019; Galparsoro and Borja, 2021; Tyllianakis, 2022). 

These studies highlight the economic importance of MPAs and MPA networks and contribute 

to a tangible understanding of the economic significance of these protected areas. 

2. Studies focusing on both “use and non-use values”: this category is the second most 

important in this review (n=23). Studies in this category provide a more holistic 

understanding of the economic and intrinsic values associated with MPAs. They may explore: 

• Use and bequest values (e.g., Ison et al., 2021; van Riper et al., 2012). 

• Use, existence, and altruist values (e.g., Johnson et al., 2019). 

3. Studies focusing on non-use values: in this category, studies focus on the value associated 

with the non-use benefits that people derive from MPAs. For example, studies on payments 

to protect endangered sharks illustrate the intrinsic value people place on these marine 

resources (e.g., Booth et al., 2022; Lopes and Villasante, 2018). 

4. Studies focusing on the combination of the option value and non-use values: research in this 

category combines non-use values with the option value, emphasising the importance of 

having the possibility to use or benefit from the resource in the future and adding a temporal 

dimension to the valuation. 

5. Studies assessing the Total Economic Value: studies provide a comprehensive economic 

assessment of MPAs by including use, non-use, and option values. This captures the full 

range of economic contributions and intrinsic values. 

6. Studies with unclear assessed values: a considerable number (n=12)  of the reviewed studies 

address values in a more general manner, making them difficult to categorise into distinct 

value types. 
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Figure 4. Types of values assessed in the application papers (n=91). More details regarding the 

types of values assessed in each study (per study ID) can be found in Supplementary Materials A3. 

 

Following the ES approach (Figure 5), the predominant focus of the included papers is on cultural 

ES, with 23 out of 91 application papers exclusively dedicated to this category and 43 out of 91 

applications exploring cultural ES in conjunction with other ES. Cultural ES often translate to use 

values, such as marine leisure and recreation (sub-aqua diving, sea angling, and wildlife watching) 

or existence values, such as protecting marine species. Bequest values can also be linked to cultural 

ES through the willingness to protect a spiritual area or species for future generations.  

Provisioning services are the second most examined ES (n=45), with a major focus on the value 

derived from fishing in MPAs. In the papers, these ES are only translated to use values. Option values 

can also be linked to provisioning ES, for instance, when considering the option to use fish in the 

future. Some papers are broadly focused on the general conservation of MPAs, without specifying 

the ES (n=11) (e.g., Ferreira et al., 2017; HANG et al., 2023; Kim et al., 2021; Kim and Yoo, 2020). 

Regulating and supporting services are underrepresented in this review, highlighting the need for 

more research. 
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Figure 5: Types of services assessed in the application papers (n=91). More details regarding the 
types of services assessed in each study (per study ID) can be found in Supplementary Materials 
A3. 

4. Discussion  

The papers in this review provide a valuable overview of scientific valuation methods, but there is 

often a lack of connection to their practical application. While these methodologies offer insights, 

the focus should also be on the tools necessary for real-world implementation. As highlighted in the 

results section, there is a strong emphasis on monetary methods. However, the importance of non-

monetary methods, particularly those that involve participatory approaches and ecological 

modelling, is also crucial to capturing deeper underlying processes and enabling a more accurate 

and comprehensive valuation. In the following three subsections, economic, social, and ecological 

tools that can be used to facilitate valuation for practitioners are described. Examples drawn from 

the reviewed papers are presented in this study, supplemented by broader instances to elucidate 

the tools and potential applications further.  

 

4.1. From economic valuation towards decision support 

The economic valuation of ES is beginning to be recognised as an important management tool for 

protected areas, including marine ones (see Pakalniete et al. 2021, among others). Economic tools 

for MPA management, in general, provide a means to improve the cost-efficiency of conservation 

(Albers and Ashworth, 2022) and offer support for measuring outcomes of different options and 

processes. They can also help to mediate discussions with different stakeholders and competing 

interests of conservation and other societal interests (Geange et al., 2017). 

Economic tools that can be used for MPA governance can combine various methods and data 

sources. Some tools use results of economic valuations from peer-reviewed literature and map ES 
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related values through Geographical Information System (GIS). For example, InVEST® is a set of 

open-source software models that provides maps where biophysical and economic results are 

spatially located (Natural Capital Project, 2024). The InVEST® maps show how changes in ecosystem 

functions affect ES, both physically and economically, by using a production function. Monetary 

values are represented in maps. However, for some ES, the tool does not provide a monetary value 

but a qualitative estimation, e.g., a ranking of coastal ecosystems, indicating the most and the least 

vulnerable. Examples of papers in this review study that apply InVEST® are Cunha et al. (2018) and 

Outeiro et al. (2019). A similar approach is adopted in many other tools that provide information on 

opportunity costs and trade-offs of different outcomes (Qu et al., 2021), including e.g., CO$TING 

NATURE (https://www.policysupport.org/costingnature), ARIES (Villa et al., 2014), SolVES (Johnson 

et al., 2019; Sherrouse et al., 2022; van Riper et al., 2012), TESSA (Peh et al., 2022), and MIMES 

(Boumans et al., 2015).  

 

 Valuation data regarding MPAs are not always available or cannot be (easily) provided. In those 

cases, economic insights can be obtained in an indirect manner, adopting a different typology of 

tools that are primarily used for other purposes. So-called decision-support tools (DST) help to 

allocate sea space by combining information on various ecosystem indicators and human-induced 

pressures and activities. Data used in these tools may not include results from ES valuations, but 

more likely information on biodiversity features and economic activities. Using these kinds of tools 

enhances conservation outcomes by selecting the most important biodiversity feature while 

minimising the socio-economic cost (Rodríguez-Basalo et al., 2019). Examples of DSTs include 

Marxan (Rodríguez-Basalo et al., 2019), PlanWise4Blue (Kotta et al., 2020; Vaher et al., 2022), 

FishRent (Rybicki et al., 2021), MAREA (Villaseñor-Derbez et al., 2018), Atlantis (Audzijonyte et al., 

2019), and IMPASEA (Rodríguez-Rodríguez et al., 2015). Also, conservation planning software tools 

alone, such as Zonation, which are not primarily regarded as economic tools, may offer economic 

benefits (direct and indirect) by maximising the representation of desired biodiversity features in a 

particular area (Geange et al., 2017) and potentially limiting the area enclosed in an MPA and taken 

away from other uses. In addition, there are different MPA management effectiveness assessment 

tools such as SEMPAI, which use multiple data gathering methods (photos, surveys, and key 

informant interviews) and indicators (e.g., numbers related to MPA management, local economies, 

ecological aspects, or stakeholders attitudes) (Avelino et al., 2019), RAPPAM (questionnaire) (Araújo 

and Bernard, 2016), and MOSE (calculating scores using various biodiversity, local economy, and 

management features) (Picone et al., 2020).  

In other cases, valuation of ES can be part of approaches where different stakeholders meet to 

discuss (economic) importance of certain areas and different use scenarios of them. Participatory 

tools, such as Seasketch (Burnett, 2020), AquaSpace tool (Gimpel et al., 2018), SEANERGY and Baltic 

Explorer (Bonnevie et al., 2023), and the MSP Challenge approach (Abspoel et al., 2021), can be used 

in collaboration with stakeholders to facilitate discussions and to bring out stakeholder views when 

mapping different options. The participatory approach is also used by some of the tools mentioned 

earlier, such as TESSA, as it allows for considering the common and collective aspects of ecosystem 
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services (also in an economic way) but also addresses the lack of economic data and the impossibility 

of estimating them in some contexts. 

4.2. A participatory approach for acknowledging social and cultural values 

In comparison to the extensive research and availability of tools focused on tangible ES, such as 

provisioning services, there is a notable gap in the provision of accessible and user-friendly tools for 

understanding and incorporating intangible values associated with ES. Intangible values, including 

altruism, bequest, existence, and option values, represent nuanced aspects of human-nature 

interactions that are often overlooked in traditional ES assessments. These intangible values can be 

understood as one form of social and cultural aspects, and they highly impact the perceived benefits 

from ES. Understanding and incorporating these intangible values into ecosystem service 

assessments are essential for accurately capturing the full spectrum of benefits derived from 

ecosystems.  

In this subsection, the term ‘tool’ is treated more broadly to complement the methods discussed in 

this review study. Despite there being a rich amount of academic research developed to better 

understand how social aspects and culture affect (and are affected by) the environment, a gap in ES 

persists in relation to these intangible socio-cultural values. However, there are valuation methods, 

which can be translated into tools, that attempt to evaluate and consider these aspects both 

qualitatively. 

One feature that is strongly linked to this notion of social and cultural aspects is the inclusion and 

presence of I/TEK (Indigenous and traditional ecological knowledge) frameworks. When considering 

the concept of ES and the valuation of such services, an emphasis is placed upon the services which 

humanity receives from the natural environment. Yet, there is an ethical critique to this due to the 

concept's inherent ‘commodification’ of nature as well as its attempt to place anthropogenic, 

oftentimes monetary values on core ecosystem functions. Whilst this argument is often made in 

relation to earth system processes, the same can be extended to categorised cultural ES. Conflicts, 

ontologically, in the application of this concept also extend to participants: in many cultural 

contexts, the premise of a nature/culture binary does not exist, or it may exist in vastly different 

forms. As such, awareness of local concepts, ontologies, and religions is crucial in the sense that 

they cannot, necessarily, be effectively reflected in subsequent designations of cultural ES. This 

awareness can be noted in cases when I/TEK frameworks have been applied: for example, in 

Australia, IPAs (Indigenous Protected Areas) have been established to incorporate Aboriginal values 

and non-Western ontological knowledge to marine protection, and such cases reveal core linkages 

between socio-cultural values as well as the management of protected areas (Gould et al., 2021).  

More broadly speaking, the argument for the inclusion of a more pluralistic and diverse 

understanding of the notion of value has been discussed in depth by IPBES in recent years (2022). 

Diaz et al. (2018) provoked the discussion with the proposal of a new concept to potentially replace 

ES called Natures Contributions to People (Díaz et al., 2018), which attempts to truly emphasise the 

core role that culture plays within relationships between people and nature. For a summary of the 
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debate and evaluation of claims between ES and NCP, see Kadykalo et al., 2019. In continuing this 

discussion, in 2022, IPBES published a guidance document whereby a value typology was outlined 

(IPBES, 2022). Within this typology, several core worldviews formed the basis for how values should 

be classified. From these worldviews, the link to so-called specific values could be made (i.e., 

instrumental, intrinsic, or relational) to which indicators for the valuation of these different values 

can be identified (IPBES, 2022a: XXIII). With this, IPBES (2022) wish to broaden the perspective and 

use of the term value to better reflect the plural meanings that persist globally, arguing that 

policymakers have tended to perceive value from a narrow perspective and have not adopted the 

true diversity of nature’s various values to people ). By doing so, decision-makers have largely 

ignored the power disparities which persist when prioritising certain values over others (IPBES, 

2022: 18).  

As IPBES (2022) outline, there are plentiful methodologies from a variety of disciplines whereby 

social and cultural aspects are valued. For example, participatory mapping techniques incorporate 

socio-cultural perspectives, and similar qualitative approaches can acknowledge how complex social 

aspects affect the perception of value of ES within stakeholder groups (Pearson et al., 2019). In the 

above section on participatory approaches, several reviewed papers were discussed that utilised 

social and cultural mapping (Johnson et al., 2019; Nahuelhual et al., 2020; Rees et al., 2010), which 

can be used to map the diversity of perceptions and values tied to specific places. The methods 

applied within these participatory approaches can differ, with some utilising quantitative data 

through survey responses, whereas others opt to delve deeper into stakeholder involvement on a 

local scale through ethnographic methodologies (Gajardo et al., 2023). Additional links can be drawn 

between the phototalk/photovoice participatory approach adopted by Mohd Noor et al. (2023) and 

Cosgriff (2023) and the community voice method discussed above (Ainsworth et al., 2019; Cosgriff, 

2023; Mohd Noor et al., 2023). However, in the former approach, participants use visual 

representations to aid their perspective on a given set of issues, prompts, or questions. In these two 

cases, visual images were used to elicit rich responses on the emotional attachment of youths to 

coastal environments, which, like with the community voice method, offers a democratic and 

inclusive path to the identification of diverse well-being values tied to marine environments.  

Whilst these are not tools understood in a technical sense, they are approaches which can be 

employed to better get to grips with the diversity of experience and perceptions of the value of 

certain intangible cultural ES in specific geo-cultural contexts. For example, the evaluation of  sense 

of place within fishing communities (Baker et al., 2021; Dias et al., 2022; Pearson et al., 2019; Plaan, 

2018; Urquhart and Acott, 2014) conveys how this kind of approach extends to various marine 

contexts across the globe. In utilising broader approaches to study cultural ES, these intersections 

can be made much clearer than they otherwise would be from a purely monetary approach to 

valuation. Changes to socio-cultural values can have direct impacts on the perceived importance of 

ES. These differences can sometimes be attributed to societal shifts and changing relational 

practices within communities (Ignatius et al., 2019; Malinauskaite et al., 2021). 
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There are some more technical tools that can be applied to evaluate these intangible ES. Whilst not 

MPA-specific, the PEAQS  scale utilises both qualitative and quantitative approaches in a marine 

context. Here, the focus was on the aesthetic qualities of blue/green spaces, with aesthetics being 

one of the least studied aspects of cultural ES.  This is an example of a proactive approach using 

mixed methods to analyse on a broader scale how particular aesthetic values vary between types 

of blue/green space (Subiza-Pérez et al., 2019). However, whilst multiple interdisciplinary 

approaches and methodological frameworks are being developed to better evaluate the complexity 

of various socio-cultural elements relating to humanity’s relationship with natural environments, 

there are core difficulties relating to problems with quantification as well as the depth of effort 

needed to implement effective qualitative methods. 

4.3. Importance of ecological modelling for valuation 

As highlighted in section 3.4.1, biophysical modelling and the mapping of marine ecosystems' 

structural and functional dimensions, and the services they provide, have started to be incorporated 

into valuation processes (e.g., Gomes et al., 2018). This approach moves beyond the traditional focus 

on socio-economic factors and challenges the dominant anthropocentric perspective. However, 

ecologically informed valuations in the marine realm are still in their early stages. When ecological 

data is incorporated, it typically relies on spatial representations of ecosystems' structural 

components (particularly the distribution of key species, such as habitat-formers) and expert-based 

assessments of their contributions to specific ES (Inácio et al., 2020). The popularity of these 

methods among policymakers and practitioners can be attributed to their low data requirements, 

ease of implementation, and the simplicity of the outputs they generate. Nevertheless, the biased 

perception of experts about how ecosystem components influence processes and services, 

combined with the qualitative nature of these outputs, undermines the reliability of these 

approaches and often leads to suboptimal decision-making and valuation processes. 

In ecology, the mechanistic and quantitative understanding of how transformations suffered by 

marine ecosystems affect the provision of services has substantially increased in the last decades 

(Kotta et al., 2020). Most of this knowledge has been exclusively published in highly technical 

documents, preventing its direct use by policymakers, managers, and experts from other disciplines, 

including the economy. In this context, models, algorithms, and, more generally, DSTs that can 

integrate the best available scientific evidence and produce accurate quantitative but easy-to-

understand outputs are needed to bridge the gap between environmental sciences, policy and other 

disciplines. To date, many DSTs (see some examples in section 4.1) have been designed to support 

policymakers and practitioners accessing, analysing, and implementing available technical evidence 

(Kotta et al., 2020; Menegon et al., 2018). However, most of these DSTs remain unknown or 

underused. The creation of these tools is generally the result of academic exercises that rarely 

involve stakeholders in the design and creation process. Thus, an improved generation of DSTs 

derived from co-design and co-creation processes explicitly looking at the needs and interests of 

stakeholders is urgently needed to support the generation of meaningful valuation and decision-

making processes. 
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Beyond the general advances in our understanding of how marine ecosystems function and respond 

to anthropogenic pressures, there is still a gap in interdisciplinary research connecting physical-

chemical, biological, and socio-economic aspects (European Marine Board, 2019; Preiser et al., 

2018). Most available marine ecosystem models focus on specific dimensions, limiting their ability 

to study complex interactions. A detailed understanding of ecosystems' functioning must be 

accompanied by a profound understanding of ES demands and trade-offs, the stakeholders who rely 

on and benefit from them, and the feed-backs between ecological and socio-economic subsystems 

(Drechsler, 2020). Such integration of knowledge from various disciplines into dynamic models is 

crucial to understanding and predicting how changes in one part of the ecosystem impact others. 

Although progress has been made, there is still a significant lack of model linkages and proper 

integration of the diverse features, processes, and interactions that shape marine ecosystems 

(Drechsler, 2020; Wörsdörfer, 2019).  

More integrated, multidisciplinary valuation studies can help to support marine management 

decisions and conservation policies by: (1) enabling analysis of the trade-offs between competing 

interests for natural resources; (2) supporting the establishment of compensatory schemes (e.g., in 

the aftermath of an oil spill); (3) calculation of payments for environmental services and rates for 

the use of an ecosystem such as user fees for MPAs by assessing the costs of ecosystem degradation 

(Lopes and Villasante, 2018); and (4) by allowing a complete cost-benefit analysis of marine policies 

and projects. As Europe's long-term Blue Growth Strategy progresses, the need to apply effective 

marine ecosystem valuation tools is expected to further intensify (Austen et al., 2019). 

 

5. Conclusion 

This review provides a comprehensive summary of the scientific literature on ES’ monetary, non-

monetary, and mixed valuation methodologies, specifically applied to MPAs and MPA networks. 

Additionally, it provides an overview of the types of services and values currently addressed in 

scientific literature and discusses valuation tools that can serve as a guide for practitioners, both 

within and outside of academia, who are dealing with marine ecosystem protection. 

The findings of this review highlight the prevalent use of monetary approaches in ES valuation for 

MPAs and MPA networks. Stated preference methodologies, such as contingent valuation and 

discrete choice experiments, are particularly favoured among the analysed studies. Non-monetary 

approaches are deemed to be especially useful in assessing cultural ES, having the potential to 

capture a broader range of values. A combination of both monetary and non-monetary, integrating 

biophysical modelling, social assessments, and monetary quantifications can enable a balanced 

consideration of environmental, social, and economic facets in alignment with stakeholders' 

support. Despite the limited number of mixed studies found in this literature review, the significant 

benefits they offer in quantifying and interpreting ecosystem services in MPAs and MPA networks 

underscore the need for future research to explore the integration of monetary and non-monetary 

valuations, ensuring both perspectives are adequately represented. 
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Most of the papers reviewed place significant emphasis on assessing the use values of MPAs. To 

broaden the scope and enhance the comprehensiveness of evaluations, more attention should be 

directed towards non-use values, specifically bequest and altruistic values, as well as the option 

value, though they might be more challenging to assess compared to use values. These non-use 

values encompass the appreciation of marine environments as a legacy for future generations and 

the intrinsic value they hold beyond immediate enjoyment. Incorporating a participatory valuation 

approach is crucial for capturing these values, ensuring that broader societal and ethical 

considerations are included in the valuation process. 

While the cultural and provisioning ES are duly recognised in the reviewed papers, highlighting the 

importance of human connections with marine environments, there is a need for a more 

comprehensive examination that includes the value of supporting and regulating services. These 

services play a crucial role in maintaining ecological balance and supporting the sustainability of 

marine ecosystems. However, assessing these aspects might be challenging, particularly when 

relying on stated and revealed preference methods, the primary approaches found in the reviewed 

application papers. These methods require an in-depth understanding of the assessed ecosystem 

service, both from ecological modelling and from the target population, which is often lacking for 

regulating and supporting services. 

 

6. Acknowledgements  

This project has received funding from the European Union’s Horizon Europe research and 

innovation programme under Grant Agreement no 101094014. Tine Compernolle thanks the 

Belgian Science Policy Office for funding the FED-tWIN profile Prf-2019 (R)-014_Geological 

Economics.  



 

 

      23 

Deliverable D1.3 

References 

Abspoel, L., Mayer, I., Keijser, X., Warmelink, H., Fairgrieve, R., Ripken, M., Abramic, A., Kannen, A., 
Cormier, R., Kidd, S., 2021. Communicating Maritime Spatial Planning: The MSP Challenge 
approach. Mar. Policy 132, 103486. https://doi.org/10.1016/j.marpol.2019.02.057 

Ainsworth, G.B., Kenter, J.O., O’Connor, S., Daunt, F., Young, J.C., 2019. A fulfilled human life: 
Eliciting sense of place and cultural identity in two UK marine environments through the 
Community Voice Method. Ecosyst. Serv. 39, 100992. 
https://doi.org/10.1016/j.ecoser.2019.100992 

Albers, H.J., Ashworth, M.F., 2022. Economics of Marine Protected Areas: Assessing the Literature 
for Marine Protected Area Network Expansions. Annu. Rev. Resour. Econ. 14, 533–554. 
https://doi.org/10.1146/annurev-resource-111820-024652 

Angulo-Valdés, J.A., Hatcher, B.G., 2010. A new typology of benefits derived from marine 
protected areas. Mar. Policy 34, 635–644. https://doi.org/10.1016/j.marpol.2009.12.002 

Araújo, J.L., Bernard, E., 2016. Management effectiveness of a large marine protected area in 
Northeastern Brazil. Ocean Coast. Manag. 130, 43–49. 
https://doi.org/10.1016/j.ocecoaman.2016.05.009 

Audzijonyte, A., Pethybridge, H., Porobic, J., Gorton, R., Kaplan, I., Fulton, E.A., 2019. Atlantis: A 
spatially explicit end-to-end marine ecosystem model with dynamically integrated physics, 
ecology and socio-economic modules. Methods Ecol. Evol. 10, 1814–1819. 
https://doi.org/10.1111/2041-210X.13272 

Austen, M.C., Anderson, P., Armstrong, C., Döring, R., Hynes, S., Levrel, H., Oinonen, S., 
Ressurreição, A., 2019. Valuing Marine Ecosystems - Taking into account the value of 
ecosystem benefits in the Blue Economy. https://doi.org/10.5281/zenodo.2602732 

Avelino, J.E., Sasaki, J., Esteban, M., Salah, P., Jamero, M.L., Valenzuela, V.P., 2019. Sustainability 
Evaluation of Marine Protected Areas Index (SEMPAI): A multi-criteria decision-making 
method to determine the effectiveness of the El Nido-Taytay Managed Resource Protected 
Area. Ocean Coast. Manag. 181, 104891. https://doi.org/10.1016/j.ocecoaman.2019.104891 

Baker, D., Murray, G., Kaijage, J., Levine, A., Gill, D., Makupa, E., 2021. Relationships Matter: 
Assessing the Impacts of a Marine Protected Area on Human Wellbeing and Relational Values 
in Southern Tanzania. Front. Mar. Sci. 8. https://doi.org/10.3389/fmars.2021.673045 

Balmford, A., Bruner, A., Cooper, P., Costanza, R., Farber, S., Green, R.E., Jenkins, M., Jefferiss, P., 
Jessamy, V., Madden, J., Munro, K., Myers, N., Naeem, S., Paavola, J., Rayment, M., Rosendo, 
S., Roughgarden, J., Trumper, K., Turner, R.K., 2002. Economic Reasons for Conserving Wild 
Nature. Science (80-. ). 297, 950–953. https://doi.org/10.1126/science.1073947 

Banarsyadhimi, U.R.A.M.F., Dargusch, P., Kurniawan, F., 2022. Assessing the Impact of Marine 
Tourism and Protection on Cultural Ecosystem Services Using Integrated Approach: A Case 
Study of Gili Matra Islands. Int. J. Environ. Res. Public Health 19, 12078. 
https://doi.org/10.3390/ijerph191912078 

Barbier, E.B., 2016. The protective service of mangrove ecosystems: A review of valuation 
methods. Mar. Pollut. Bull. 109, 676–681. https://doi.org/10.1016/j.marpolbul.2016.01.033 

Barbier, E.B., 2000. Valuing the environment as input: review of applications to mangrove-fishery 
linkages. Ecol. Econ. 35, 47–61. https://doi.org/10.1016/S0921-8009(00)00167-1 

Belgrano, A., Clausen, P., Ejdung, G., Gamfeldt, L., Gundersen, H., Hammer, M., Hancke, K., 
Hansen, J.L.S., Heiskanen, A.-S., Häggblom, M., Højgård Petersen, A., Ilvessalo-Lax, H., 
Jernberg, S., Kvarnström, M., Lax, H.-G., Køie Poulsen, M., Lindblad, C., Magnussen, K., 
Mustonen, T., Mäenpää, M., Norling, P., Roth, E., Roto, J., Sogn Andersen, G., Svedäng, H., 



 

 

      24 

Deliverable D1.3 

Söderberg, C., Sørensen, G., Tunón, H., Vihervaara, P., Vävare, S., 2018. Biodiversity and 
ecosystem services in Nordic coastal ecosystems: an IPBES-like assessment. 

Bennett, N.J., 2016. Using perceptions as evidence to improve conservation and environmental 
management. Conserv. Biol. 30, 582–592. https://doi.org/10.1111/cobi.12681 

Bonnevie, I.M., Hansen, H.S., Schrøder, L., Rönneberg, M., Kettunen, P., Koski, C., Oksanen, J., 
2023. Engaging stakeholders in marine spatial planning for collaborative scoring of conflicts 
and synergies within a spatial tool environment. Ocean Coast. Manag. 233, 106449. 
https://doi.org/10.1016/j.ocecoaman.2022.106449 

Booth, H., Mourato, S., Milner-Gulland, E.J., 2022. Investigating acceptance of marine tourism 
levies, to cover the opportunity costs of conservation for coastal communities. Ecol. Econ. 
201, 107578. https://doi.org/10.1016/j.ecolecon.2022.107578 

Boumans, R., Roman, J., Altman, I., Kaufman, L., 2015. The Multiscale Integrated Model of 
Ecosystem Services (MIMES): Simulating the interactions of coupled human and natural 
systems. Ecosyst. Serv. 12, 30–41. https://doi.org/10.1016/j.ecoser.2015.01.004 

Brouwer, R., Brouwer, S., Eleveld, M.A., Verbraak, M., Wagtendonk, A.J., van der Woerd, H.J., 
2016. Public willingness to pay for alternative management regimes of remote marine 
protected areas in the North Sea. Mar. Policy 68, 195–204. 
https://doi.org/10.1016/j.marpol.2016.03.001 

Burdon, D., Potts, T., McKinley, E., Lew, S., Shilland, R., Gormley, K., Thomson, S., Forster, R., 2019. 
Expanding the role of participatory mapping to assess ecosystem service provision in local 
coastal environments. Ecosyst. Serv. 39, 101009. 
https://doi.org/10.1016/j.ecoser.2019.101009 

Burnett, C.M., 2020. Incorporating the participatory process in the design of geospatial support 
tools: Lessons learned from SeaSketch. Environ. Model. Softw. 127, 104678. 
https://doi.org/10.1016/j.envsoft.2020.104678 

Casey, J.F., Schuhmann, P.W., 2019. PACT or no PACT are tourists willing to contribute to the 
Protected Areas Conservation Trust in order to enhance marine resource conservation in 
Belize? Mar. Policy 101, 8–14. https://doi.org/10.1016/j.marpol.2018.12.002 

Castaño-Isaza, J., Newball, R., Roach, B., Lau, W.W.Y., 2015. Valuing beaches to develop payment 
for ecosystem services schemes in Colombia’s Seaflower marine protected area. Ecosyst. 
Serv. 11, 22–31. https://doi.org/10.1016/j.ecoser.2014.10.003 

Chen, J.-L., Lin, Y.-S., Chuang, C.-T., 2018. Improving the management of Taiwanese fishery 
resource conservation zones based on public perceptions and willingness to pay for 
ecosystem services. J. Coast. Conserv. 22, 385–398. https://doi.org/10.1007/s11852-017-
0586-5 

Cheng, X., Van Damme, S., Li, L., Uyttenhove, P., 2019. Evaluation of cultural ecosystem services: A 
review of methods. Ecosyst. Serv. 37, 100925. https://doi.org/10.1016/j.ecoser.2019.100925 

Christie, M., Remoundou, K., Siwicka, E., Wainwright, W., 2015. Valuing marine and coastal 
ecosystem service benefits: Case study of St Vincent and the Grenadines’ proposed marine 
protected areas. Ecosyst. Serv. 11, 115–127. https://doi.org/10.1016/j.ecoser.2014.10.002 

Claudet, J., Osenberg, C.W., Benedetti-Cecchi, L., Domenici, P., García-Charton, J., Pérez-Ruzafa, Á., 
Badalamenti, F., Bayle-Sempere, J., Brito, A., Bulleri, F., Culioli, J., Dimech, M., Falcón, J.M., 
Guala, I., Milazzo, M., Sánchez-Meca, J., Somerfield, P.J., Stobart, B., Vandeperre, F., Valle, C., 
Planes, S., 2008. Marine reserves: size and age do matter. Ecol. Lett. 11, 481–489. 
https://doi.org/10.1111/j.1461-0248.2008.01166.x 

Cosgriff, M., 2023. Tuning in: using photo-talk approaches to explore young people’s everyday 
relations with local beaches. Sport. Educ. Soc. 28, 629–640. 



 

 

      25 

Deliverable D1.3 

https://doi.org/10.1080/13573322.2023.2170345 
Costanza, R., Liu, S., 2014. Ecosystem Services and Environmental Governance: Comparing China 

and the U.S. Asia Pacific Policy Stud. 1, 160–170. https://doi.org/10.1002/app5.16 
Cumming, G., Norwood, C., 2012. The Community Voice Method: Using participatory research and 

filmmaking to foster dialog about changing landscapes. Landsc. Urban Plan. 105, 434–444. 
https://doi.org/10.1016/j.landurbplan.2012.01.018 

Cunha, J., Elliott, M., Ramos, S., 2018. Linking modelling and empirical data to assess recreation 
services provided by coastal habitats: The case of NW Portugal. Ocean Coast. Manag. 162, 
60–70. https://doi.org/10.1016/j.ocecoaman.2017.12.022 

Daily, G.C. (Ed.), 1997. Nature’s services: societal dependence on natural ecosystems. Island Press, 
Washington, DC. 

Daly, C., Fraser, G., Snowball, J., 2015. Willingness to pay for marine-based tourism in the Ponta do 
Ouro Partial Marine Reserve, Mozambique. African J. Mar. Sci. 37, 33–40. 
https://doi.org/10.2989/1814232X.2015.1012556 

Dauwe, S., Pirlet, H., Gkritzalis, T., Landschützer, P., 2023. The opportunities and challenges of 
marine carbon accounting - a case study for the North Sea shelf ecosystem and the potential 
value of the ICOS Oceans Network. Ostend. https://doi.org/https://dx.doi.org/10.48470/34 

de Groot, R.S., Wilson, M.A., Boumans, R.M.., 2002. A typology for the classification, description 
and valuation of ecosystem functions, goods and services. Ecol. Econ. 41, 393–408. 
https://doi.org/10.1016/S0921-8009(02)00089-7 

De Valck, J., Jarvis, D., Coggan, A., Schirru, E., Pert, P., Graham, V., Newlands, M., 2023. Valuing 
ecosystem services in complex coastal settings: An extended ecosystem accounting 
framework for improved decision-making. Mar. Policy 155, 105761. 
https://doi.org/10.1016/j.marpol.2023.105761 

Derous, S., Agardy, T., Hillewaert, H., Jamieson, G., Lieberknecht, L., Mees, J., Moulaert, I., Olenin, 
S., Paelinckx, D., Rabaut, M., Rachor, E., Roff, J., Stienen, E.W.M., van der Wal, J.T., van 
Lancker, V., Verfaillie, E., Vincx, M., Wesławski, J.M., Degraer, S., 2007. A concept for 
biological valuation in the marine environment. Oceanologia 49, 99–128. 

Dias, A.C.E., Armitage, D., Trant, A.J., 2022. Uncovering well-being ecosystem services bundles 
(WEBs) under conditions of social-ecological change in Brazil. Ecol. Soc. 27, art44. 
https://doi.org/10.5751/ES-13070-270144 

Díaz, S., Pascual, U., Stenseke, M., Martín-López, B., Watson, R.T., Molnár, Z., Hill, R., Chan, K.M.A., 
Baste, I.A., Brauman, K.A., Polasky, S., Church, A., Lonsdale, M., Larigauderie, A., Leadley, 
P.W., van Oudenhoven, A.P.E., van der Plaat, F., Schröter, M., Lavorel, S., Aumeeruddy-
Thomas, Y., Bukvareva, E., Davies, K., Demissew, S., Erpul, G., Failler, P., Guerra, C.A., Hewitt, 
C.L., Keune, H., Lindley, S., Shirayama, Y., 2018. Assessing nature’s contributions to people. 
Science (80-. ). 359, 270–272. https://doi.org/10.1126/science.aap8826 

Drechsler, M., 2020. Model-based integration of ecology and socio-economics for the 
management of biodiversity and ecosystem services: State of the art, diversity and current 
trends. Environ. Model. Softw. 134, 104892. https://doi.org/10.1016/j.envsoft.2020.104892 

European Marine Board, 2019. Navigating the Future V: Marine Science for a Sustainable Future. 
https://doi.org/10.5281/zenodo.2809392 

Failler, P., Montocchio, C., Binet, T., Borot de Battisti, A., Maréchal, J.-P., 2019. Monetary 
evaluation of marine reserve ecosystem services in the Caribbean. Natl. Account. Rev. 1, 3–
15. https://doi.org/10.3934/NAR.2019.1.3 

Farber, S.C., Costanza, R., Wilson, M.A., 2002. Economic and ecological concepts for valuing 
ecosystem services. Ecol. Econ. 41, 375–392. https://doi.org/10.1016/S0921-8009(02)00088-



 

 

      26 

Deliverable D1.3 

5 
Ferreira, A.M., Marques, J.C., Seixas, S., 2017. Integrating marine ecosystem conservation and 

ecosystems services economic valuation: Implications for coastal zones governance. Ecol. 
Indic. 77, 114–122. https://doi.org/10.1016/j.ecolind.2017.01.036 

Franzese, P.P., Buonocore, E., Donnarumma, L., Russo, G.F., 2017. Natural capital accounting in 
marine protected areas: The case of the Islands of Ventotene and S. Stefano (Central Italy). 
Ecol. Modell. 360, 290–299. https://doi.org/10.1016/j.ecolmodel.2017.07.015 

Freeman, A.M., 2003. The Measurement of Environmental and Resource Values: Theory and 
Methods. Washington, DC. 

Fu, B., Su, C., Wei, Y., Willett, I.R., Lü, Y., Liu, G., 2011. Double counting in ecosystem services 
valuation: causes and countermeasures. Ecol. Res. 26, 1–14. https://doi.org/10.1007/s11284-
010-0766-3 

Gajardo, L.J., Sumeldan, J., Sajorne, R., Madarcos, J.R., Goh, H.C., Culhane, F., Langmead, O., 
Creencia, L., 2023. Cultural values of ecosystem services from coastal marine areas: Case of 
Taytay Bay, Palawan, Philippines. Environ. Sci. Policy 142, 12–20. 
https://doi.org/10.1016/j.envsci.2023.01.004 

Galparsoro, I., Borja, Á., 2021. Defining Cost-Effective Solutions in Designing Marine Protected 
Areas, Using Systematic Conservation Planning. Front. Mar. Sci. 8. 
https://doi.org/10.3389/fmars.2021.683271 

Geange, S.W., Leathwick, J., Linwood, M., Curtis, H., Duffy, C., Funnell, G., Cooper, S., 2017. 
Integrating conservation and economic objectives in MPA network planning: A case study 
from New Zealand. Biol. Conserv. 210, 136–144. 
https://doi.org/10.1016/j.biocon.2017.04.011 

Gimpel, A., Stelzenmüller, V., Töpsch, S., Galparsoro, I., Gubbins, M., Miller, D., Murillas, A., 
Murray, A.G., Pınarbaşı, K., Roca, G., Watret, R., 2018. A GIS-based tool for an integrated 
assessment of spatial planning trade-offs with aquaculture. Sci. Total Environ. 627, 1644–
1655. https://doi.org/10.1016/j.scitotenv.2018.01.133 

Gomes, I., Pérez-Jorge, S., Peteiro, L., Andrade, J., Bueno-Pardo, J., Quintino, V., Rodrigues, A.M., 
Azevedo, M., Vanreusel, A., Queiroga, H., Deneudt, K., 2018. Marine biological value along 
the Portuguese continental shelf; insights into current conservation and management tools. 
Ecol. Indic. 93, 533–546. https://doi.org/10.1016/j.ecolind.2018.05.040 

Gould, J., Smyth, D., Rassip, W., Rist, P., Oxenham, K., 2021. Recognizing the contribution of 
Indigenous Protected Areas to marine protected area management in Australia. Marit. Stud. 
20, 5–26. https://doi.org/10.1007/s40152-020-00212-z 

Gravestock, P., Sheppard, C., 2015. Valuing the ecosystem services of the Chagos: a review of 
challenges and estimates. Mar. Ecol. Prog. Ser. 530, 255–270. 
https://doi.org/10.3354/meps11235 

Guidetti, P., Milazzo, M., Bussotti, S., Molinari, A., Murenu, M., Pais, A., Spanò, N., Balzano, R., 
Agardy, T., Boero, F., Carrada, G., Cattaneo-Vietti, R., Cau, A., Chemello, R., Greco, S., 
Manganaro, A., Notarbartolo di Sciara, G., Russo, G.F., Tunesi, L., 2008. Italian marine reserve 
effectiveness: Does enforcement matter? Biol. Conserv. 141, 699–709. 
https://doi.org/10.1016/j.biocon.2007.12.013 

Haines-Young, R., Potschin, M., 2018. Common international classification of ecosystem services 
(CICES) V5.1 and guidance on the application of the revised structure, Available from 
www.cices.eu. 

HANG, N.D., HUONG, T.T.L., DAT, T.T., TRUONG, D.D., HUAN, L.H., 2023. VALUING LOCAL 
RESIDENTS’ WILLINGNESS TO PAY FOR THE CONSERVATION OF CAT BA MARRINE NATIONAL 



 

 

      27 

Deliverable D1.3 

PARK, VIETNAM. Appl. Ecol. Environ. Res. 21, 1549–1563. 
https://doi.org/10.15666/aeer/2102_15491563 

Hanley, N., Mourato, S., Wright, R.E., 2001. Choice Modelling Approaches: A Superior Alternative 
for Environmental Valuation? J. Econ. Surv. 15, 435–462. https://doi.org/10.1111/1467-
6419.00145 

Hattam, C., Böhnke-Henrichs, A., Börger, T., Burdon, D., Hadjimichael, M., Delaney, A., Atkins, J.P., 
Garrard, S., Austen, M.C., 2015. Integrating methods for ecosystem service assessment and 
valuation: Mixed methods or mixed messages? Ecol. Econ. 120, 126–138. 
https://doi.org/10.1016/j.ecolecon.2015.10.011 

Hicks, C.C., McClanahan, T.R., Cinner, J.E., Hills, J.M., 2009. Trade-Offs in Values Assigned to 
Ecological Goods and Services Associated with Different Coral Reef Management Strategies. 
Ecol. Soc. 14, 18. https://doi.org/https://www.jstor.org/stable/26268016 

Hussain, S.S., Winrow-Giffin, A., Moran, D., Robinson, L.A., Fofana, A., Paramor, O.A.L., Frid, C.L.J., 
2010. An ex ante ecological economic assessment of the benefits arising from marine 
protected areas designation in the UK. Ecol. Econ. 69, 828–838. 
https://doi.org/10.1016/j.ecolecon.2009.10.007 

Ignatius, S., Delaney, A., Haapasaari, P., 2019. Socio-cultural values as a dimension of fisheries 
governance: The cases of Baltic salmon and herring. Environ. Sci. Policy 94, 1–8. 
https://doi.org/10.1016/j.envsci.2018.12.024 

Inácio, M., Karnauskaitė, D., Baltranaitė, E., Kalinauskas, M., Bogdzevič, K., Gomes, E., Pereira, P., 
2020. Ecosystem services of the Baltic Sea: An assessment and mapping perspective. Geogr. 
Sustain. 1, 256–265. https://doi.org/10.1016/j.geosus.2020.11.001 

IPBES, 2022. Methodological Assessment Report on the Diverse Values and Valuation of Nature of 
the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. Bonn. 
https://doi.org/https://doi.org/10.5281/zenodo.6522522 

Ison, S., Ison, T., Marti-Puig, P., Needham, K., Tanner, M.K., Roberts, J.M., 2021. Tourist 
Preferences for Seamount Conservation in the Galapagos Marine Reserve. Front. Mar. Sci. 7. 
https://doi.org/10.3389/fmars.2020.602767 

Jobstvogt, N., Watson, V., Kenter, J.O., 2014. Looking below the surface: The cultural ecosystem 
service values of UK marine protected areas (MPAs). Ecosyst. Serv. 10, 97–110. 
https://doi.org/10.1016/j.ecoser.2014.09.006 

Johnson, D.N., van Riper, C.J., Chu, M., Winkler-Schor, S., 2019. Comparing the social values of 
ecosystem services in US and Australian marine protected areas. Ecosyst. Serv. 37, 100919. 
https://doi.org/10.1016/j.ecoser.2019.100919 

Johnston, R.J., Rosenberger, R.S., 2009. Methods, trends, and controversies in contemporary 
benefit transfer. J. Econ. Surv. https://doi.org/10.1111/j.1467-6419.2009.00592.x 

Kadykalo, A.N., López-Rodriguez, M.D., Ainscough, J., Droste, N., Ryu, H., Ávila-Flores, G., Le Clec’h, 
S., Muñoz, M.C., Nilsson, L., Rana, S., Sarkar, P., Sevecke, K.J., Harmáčková, Z. V., 2019. 
Disentangling ‘ecosystem services’ and ‘nature’s contributions to people.’ Ecosyst. People 15, 
269–287. https://doi.org/10.1080/26395916.2019.1669713 

Kenter, J.O., Jobstvogt, N., Watson, V., Irvine, K.N., Christie, M., Bryce, R., 2016. The impact of 
information, value-deliberation and group-based decision-making on values for ecosystem 
services: Integrating deliberative monetary valuation and storytelling. Ecosyst. Serv. 21, 270–
290. https://doi.org/10.1016/j.ecoser.2016.06.006 

Kim, J.-H., Kim, S.-Y., Yoo, S.-H., 2021. South Koreans’ willingness to pay for restoration of 
Gomsoman Tidal Flat. Ocean Coast. Manag. 199, 105388. 
https://doi.org/10.1016/j.ocecoaman.2020.105388 



 

 

      28 

Deliverable D1.3 

Kim, J.-H., Yoo, S.-H., 2020. What do we know about public acceptance of designating marine 
protected area? The case of Jaran Bay in South Korea. Environ. Sci. Pollut. Res. 27, 31715–
31725. https://doi.org/10.1007/s11356-020-09363-2 

Kotta, J., Fetissov, M., Szava-Kovats, R., Aps, R., Martin, G., 2020. Online tool to integrate 
evidence-based knowledge into cumulative effects assessments: Linking human pressures to 
multiple nature assets. Environ. Adv. 2, 100026. 
https://doi.org/10.1016/j.envadv.2020.100026 

Lan, T.D., Huyen, N.T.M., Chien, H.T., Hens, L., 2021. Identification and estimation of the marine 
ecosystem services surrounding selected offshore islands of Vietnam. Environ. Dev. Sustain. 
23, 2224–2242. https://doi.org/10.1007/s10668-020-00671-8 

Lopes, P.F.M., Villasante, S., 2018. Paying the price to solve fisheries conflicts in Brazil’s Marine 
Protected Areas. Mar. Policy 93, 1–8. https://doi.org/10.1016/j.marpol.2018.03.016 

Lopes, R., Videira, N., 2019. How to articulate the multiple value dimensions of ecosystem 
services? Insights from implementing the PArticulatES framework in a coastal social-
ecological system in Portugal. Ecosyst. Serv. 38, 100955. 
https://doi.org/10.1016/j.ecoser.2019.100955 

Louviere, J., Hensher, D., 1982. On the Design and Analysis of Simulated Choice or Allocation 
Experiments in Travel Choice Modelling. Transp. Res. Rec. 11–17. 

M.E.A., 2005. A report of the Millenium Ecosystem Assessment: Ecosystems and Human Well-
Being. Washington, DC. 

Malinauskaite, L., Cook, D., Davíðsdóttir, B., Ögmundardóttir, H., 2021. Socio-cultural valuation of 
whale ecosystem services in Skjálfandi Bay, Iceland. Ecol. Econ. 180, 106867. 
https://doi.org/10.1016/j.ecolecon.2020.106867 

Malinauskaite, L., Cook, D., Davíðsdóttir, B., Ögmundardóttir, H., Roman, J., 2020. Willingness to 
pay for expansion of the whale sanctuary in Faxaflói Bay, Iceland: A contingent valuation 
study. Ocean Coast. Manag. 183, 105026. https://doi.org/10.1016/j.ocecoaman.2019.105026 

Martin, D.M., Mazzotta, M., 2018. Non-monetary valuation using Multi-Criteria Decision Analysis: 
Sensitivity of additive aggregation methods to scaling and compensation assumptions. 
Ecosyst. Serv. 29, 13–22. https://doi.org/10.1016/j.ecoser.2017.10.022 

Menegon, S., Depellegrin, D., Farella, G., Gissi, E., Ghezzo, M., Sarretta, A., Venier, C., Barbanti, A., 
2018. A modelling framework for MSP-oriented cumulative effects assessment. Ecol. Indic. 
91, 171–181. https://doi.org/10.1016/j.ecolind.2018.03.060 

Micheli, F., Saenz-Arroyo, A., Greenley, A., Vazquez, L., Espinoza Montes, J.A., Rossetto, M., De 
Leo, G.A., 2012. Evidence That Marine Reserves Enhance Resilience to Climatic Impacts. PLoS 
One 7, e40832. https://doi.org/10.1371/journal.pone.0040832 

Mitchell, R.C., Carson, R.T., 1989. Using Surveys to Value Public Goods: The Contingent Valuation 
Method. Resour. Futur. 

Mohd Noor, M.I., N. Alagappar, P., Then, A.Y.-H., Justine, E.V., Lim, V.-C., Goh, H.C., 2023. 
Perspectives of youths on cultural ecosystem services provided by Tun Mustapha Park, 
Malaysia through a participatory approach. Environ. Educ. Res. 29, 63–80. 
https://doi.org/10.1080/13504622.2022.2075831 

Nahuelhual, L., Vergara, X., Bozzeda, F., Campos, G., Subida, M.D., Outeiro, L., Villasante, S., 
Fernández, M., 2020. Exploring gaps in mapping marine ecosystem services: A benchmark 
analysis. Ocean Coast. Manag. 192, 105193. 
https://doi.org/10.1016/j.ocecoaman.2020.105193 

Natural Capital Project, 2024. InVEST 3.14.2. 
Norton, D., Hynes, S., Boyd, J., 2018. Valuing Ireland’s Blue Ecosystem Services. 



 

 

      29 

Deliverable D1.3 

Outeiro, L., Rodrigues, J.G., Damásio, L.M.A., Lopes, P.F.M., 2019. Is it just about the money? A 
spatial-economic approach to assess ecosystem service tradeoffs in a marine protected area 
in Brazil. Ecosyst. Serv. 38, 100959. https://doi.org/10.1016/j.ecoser.2019.100959 

Page, M.J., McKenzie, J.E., Bossuyt, P.M., Boutron, I., Hoffmann, T.C., Mulrow, C.D., Shamseer, L., 
Tetzlaff, J.M., Akl, E.A., Brennan, S.E., Chou, R., Glanville, J., Grimshaw, J.M., Hróbjartsson, A., 
Lalu, M.M., Li, T., Loder, E.W., Mayo-Wilson, E., McDonald, S., McGuinness, L.A., Stewart, L.A., 
Thomas, J., Tricco, A.C., Welch, V.A., Whiting, P., Moher, D., 2021. The PRISMA 2020 
statement: an updated guideline for reporting systematic reviews. BMJ n71. 
https://doi.org/10.1136/bmj.n71 

Pakalniete, K., Ahtiainen, H., Aigars, J., Andersone, I., Armoškaite, A., Hansen, H.S., Strāķe, S., 2021. 
Economic Valuation of Ecosystem Service Benefits and Welfare Impacts of Offshore Marine 
Protected Areas: A Study from the Baltic Sea. Sustainability 13, 10121. 
https://doi.org/10.3390/su131810121.  

Pascal, N., Brathwaite, A., Brander, L., Seidl, A., Philip, M., Clua, E., 2018. Evidence of economic 
benefits for public investment in MPAs. Ecosyst. Serv. 30, 3–13. 
https://doi.org/10.1016/j.ecoser.2017.10.017 

Pascual, U., Balvanera, P., Christie, M., Baptiste, B., González-Jiménez, D., Anderson, C.B., Athayde, 
S., Barton, D.N., Chaplin-Kramer, R., Jacobs, S., Kelemen, E., Kumar, R., Lazos, E., Martin, A., 
Mwampamba, T.H., Nakangu, B., O’Farrell, P., Raymond, C.M., Subramanian, S.M., 
Termansen, M., Van Noordwijk, M., Vatn, A., 2022. Summary for policymakers of the 
methodological assessment of the diverse values and valuation of nature of the 
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. Bonn. 
https://doi.org/10.5281/zenodo.6522392 

Pearce, D., Pretty, J., 1993. Economic values and the natural world. Earthscan Publications, 
London. 

Pearce, D.W., Ozdemiroglu, E., 2002. Economic Valuation with Stated Preference Techniques: 
Summary Guide. Department for Transport, Local Government and the Regions. London. 

Pearson, J., McNamara, K.E., Nunn, P.D., 2019. Gender-specific perspectives of mangrove 
ecosystem services: Case study from Bua Province, Fiji Islands. Ecosyst. Serv. 38, 100970. 
https://doi.org/10.1016/j.ecoser.2019.100970 

Peh, K.S.-H., Balmford, A.P., Bradbury, R.B., Brown, C., Butchart, S.H.M., Hughes, F.M.R., Ingwall-
King, L., MacDonald, M.A., Pellier, A.-S., Stattersfield, A.J., Thomas, D.H.L., Trevelyan, R.J., 
Walpole, M., Merriman, J.C., 2022. Toolkit for Ecosystem Service Site-based Assessment 
(TESSA). 

Perry, A.L., Blanco, J., Fournier, N., Garcia, S., Marín, P., 2020. Unmanaged = Unprotected: 
Europe’s marine paper parks. Brussels. https://doi.org/10.5281/zenodo.4312546 

Picone, F., Buonocore, E., Claudet, J., Chemello, R., Russo, G.F., Franzese, P.P., 2020. Marine 
protected areas overall success evaluation (MOSE): A novel integrated framework for 
assessing management performance and social-ecological benefits of MPAs. Ocean Coast. 
Manag. 198, 105370. https://doi.org/10.1016/j.ocecoaman.2020.105370 

Pike, K., Wright, P., Wink, B., Fletcher, S., 2015. The assessment of cultural ecosystem services in 
the marine environment using Q methodology. J. Coast. Conserv. 19, 667–675. 
https://doi.org/10.1007/s11852-014-0350-z 

Plaan, J., 2018. Altered ontologies of the seascape: local knowledge, environmental change and 
conservation in Kihnu, Estonia. J. Polit. Ecol. 25. https://doi.org/10.2458/v25i1.22757 

Plottu, E., Plottu, B., 2007. The concept of Total Economic Value of environment: A 
reconsideration within a hierarchical rationality. Ecol. Econ. 61, 52–61. 



 

 

      30 

Deliverable D1.3 

https://doi.org/10.1016/j.ecolecon.2006.09.027 
Preiser, R., Biggs, R., De Vos, A., Folke, C., 2018. Social-ecological systems as complex adaptive 

systems: organizing principles for advancing research methods and approaches. Ecol. Soc. 23, 
art46. https://doi.org/10.5751/ES-10558-230446 

Qu, Z., Thrush, S., Lewis, N., 2021. Evaluating decision-support tools for monetary valuation of 
ecosystem services for Marine Protected Areas. Ocean Coast. Manag. 215, 105951. 
https://doi.org/10.1016/j.ocecoaman.2021.105951 

Rands, M.R.W., Adams, W.M., Bennun, L., Butchart, S.H.M., Clements, A., Coomes, D., Entwistle, 
A., Hodge, I., Kapos, V., Scharlemann, J.P.W., Sutherland, W.J., Vira, B., 2010. Biodiversity 
Conservation: Challenges Beyond 2010. Science (80-. ). 329, 1298–1303. 
https://doi.org/10.1126/science.1189138 

Rees, S.E., Rodwell, L.D., Attrill, M.J., Austen, M.C., Mangi, S.C., 2010. The value of marine 
biodiversity to the leisure and recreation industry and its application to marine spatial 
planning. Mar. Policy 34, 868–875. https://doi.org/10.1016/j.marpol.2010.01.009 

Robles-Zavala, E., Chang Reynoso, A.G., 2018. The recreational value of coral reefs in the Mexican 
Pacific. Ocean Coast. Manag. 157, 1–8. https://doi.org/10.1016/j.ocecoaman.2018.02.010 

Rodríguez-Basalo, A., Sánchez, F., Punzón, A., Gómez-Ballesteros, M., 2019. Updating the Master 
Management Plan for El Cachucho MPA (Cantabrian Sea) using a spatial planning approach. 
Cont. Shelf Res. 184, 54–65. https://doi.org/10.1016/j.csr.2019.06.010 

Rodríguez-Rodríguez, D., Rees, S.E., Rodwell, L.D., Attrill, M.J., 2015. IMPASEA: A methodological 
framework to monitor and assess the socioeconomic effects of marine protected areas. An 
English Channel case study. Environ. Sci. Policy 54, 44–51. 
https://doi.org/10.1016/j.envsci.2015.05.019 

Rybicki, S., Hamon, K.G., Simons, S., Temming, A., 2021. The more the merrier? Testing spatial 
resolution to simulate area closure effects on the pelagic North Sea autumn spawning herring 
stock and fishery. Reg. Stud. Mar. Sci. 48, 102023. 
https://doi.org/10.1016/j.rsma.2021.102023 

Sagoe, A.A., Aheto, D.W., Okyere, I., Adade, R., Odoi, J., 2021. Community participation in 
assessment of fisheries related ecosystem services towards the establishment of marine 
protected area in the Greater Cape Three Points area in Ghana. Mar. Policy 124, 104336. 
https://doi.org/10.1016/j.marpol.2020.104336 

Schröter, M., van der Zanden, E.H., van Oudenhoven, A.P.E., Remme, R.P., Serna-Chavez, H.M., de 
Groot, R.S., Opdam, P., 2014. Ecosystem Services as a Contested Concept: a Synthesis of 
Critique and Counter-Arguments. Conserv. Lett. 7, 514–523. 
https://doi.org/10.1111/conl.12091 

Sherrouse, B.C., Semmens, D.J., Ancona, Z.H., 2022. Social Values for Ecosystem Services (SolVES): 
Open-source spatial modeling of cultural services. Environ. Model. Softw. 148, 105259. 
https://doi.org/10.1016/j.envsoft.2021.105259 

Slater, A.-M., Irvine, K.N., Byg, A.A., Davies, I.M., Gubbins, M., Kafas, A., Kenter, J., MacDonald, A., 
O’Hara Murray, R., Potts, T., Tweddle, J.F., Wright, K., Scott, B.E., 2020. Integrating 
stakeholder knowledge through modular cooperative participatory processes for marine 
spatial planning outcomes (CORPORATES). Ecosyst. Serv. 44, 101126. 
https://doi.org/10.1016/j.ecoser.2020.101126 

Small, N., Munday, M., Durance, I., 2017. The challenge of valuing ecosystem services that have no 
material benefits. Glob. Environ. Chang. 44, 57–67. 
https://doi.org/10.1016/j.gloenvcha.2017.03.005 

Spanou, E., Kenter, J.O., Graziano, M., 2020. The Effects of Aquaculture and Marine Conservation 



 

 

      31 

Deliverable D1.3 

on Cultural Ecosystem Services: An Integrated Hedonic – Eudaemonic Approach. Ecol. Econ. 
176, 106757. https://doi.org/10.1016/j.ecolecon.2020.106757 

Subiza-Pérez, M., Hauru, K., Korpela, K., Haapala, A., Lehvävirta, S., 2019. Perceived Environmental 
Aesthetic Qualities Scale (PEAQS) – A self-report tool for the evaluation of green-blue spaces. 
Urban For. Urban Green. 43, 126383. https://doi.org/10.1016/j.ufug.2019.126383 

Trujillo, J.C., Navas, E.J., Vargas, D.M., 2017. Valuing Coral Reef Preservation in a Caribbean Marine 
Protected Area. Economic Impact of Scuba Diving in Corals of Rosario and San Bernardo 
National Natural Park, Colombia. Cuad. Desarro. Rural 14, 1. 
https://doi.org/10.11144/Javeriana.cdr14-79.vcrp 

Tyllianakis, E., 2022. “Please let me visit”: Management options for marine ecosystems in a 
Mediterranean Marine Protected Area. J. Nat. Conserv. 67, 126174. 
https://doi.org/10.1016/j.jnc.2022.126174 

Tyllianakis, E., Fronkova, L., Posen, P., Luisetti, T., Chai, S.M., 2020. Mapping Ecosystem Services 
for Marine Planning: A UK Case Study. Resources 9, 40. 
https://doi.org/10.3390/resources9040040 

UNEP, 2014. The guidance manual on valuation and accounting of ecosystem services for small 
island developing states (SIDS). 

Urquhart, J., Acott, T., 2014. A Sense of Place in Cultural Ecosystem Services: The Case of Cornish 
Fishing Communities. Soc. Nat. Resour. 27, 3–19. 
https://doi.org/10.1080/08941920.2013.820811 

Vaher, A., Kotta, J., Szava-Kovats, R., Kaasik, A., Fetissov, M., Aps, R., Kõivupuu, A., 2022. Assessing 
cumulative impacts of human-induced pressures on reef and sandbank habitats and 
associated biotopes in the northeastern Baltic Sea. Mar. Pollut. Bull. 183, 114042. 
https://doi.org/10.1016/j.marpolbul.2022.114042 

van Riper, C.J., Kyle, G.T., Sutton, S.G., Barnes, M., Sherrouse, B.C., 2012. Mapping outdoor 
recreationists’ perceived social values for ecosystem services at Hinchinbrook Island National 
Park, Australia. Appl. Geogr. 35, 164–173. https://doi.org/10.1016/j.apgeog.2012.06.008 

Vassallo, P., Paoli, C., Buonocore, E., Franzese, P.P., Russo, G.F., Povero, P., 2017. Assessing the 
value of natural capital in marine protected areas: A biophysical and trophodynamic 
environmental accounting model. Ecol. Modell. 355, 12–17. 
https://doi.org/10.1016/j.ecolmodel.2017.03.013 

Vassallo, P., Paoli, C., Rovere, A., Montefalcone, M., Morri, C., Bianchi, C.N., 2013. The value of the 
seagrass Posidonia oceanica: A natural capital assessment. Mar. Pollut. Bull. 75, 157–167. 
https://doi.org/10.1016/j.marpolbul.2013.07.044 

Villa, F., Bagstad, K.J., Voigt, B., Johnson, G.W., Portela, R., Honzák, M., Batker, D., 2014. A 
Methodology for Adaptable and Robust Ecosystem Services Assessment. PLoS One 9, e91001. 
https://doi.org/10.1371/journal.pone.0091001 

Villaseñor-Derbez, J.C., Faro, C., Wright, M., Martínez, J., Fitzgerald, S., Fulton, S., Mancha-
Cisneros, M. del M., McDonald, G., Micheli, F., Suárez, A., Torre, J., Costello, C., 2018. A user-
friendly tool to evaluate the effectiveness of no-take marine reserves. PLoS One 13, 
e0191821. https://doi.org/10.1371/journal.pone.0191821 

Visintin, F., Tomasinsig, E., Spoto, M., Marangon, F., D’Ambrosio, P., Muscogiuri, L., Fai, S., Troiano, 
S., 2022. Assessing the Benefit Produced by Marine Protected Areas: The Case of Porto 
Cesareo Marine Protected Area (Italy). Sustainability 14, 10698. 
https://doi.org/10.3390/su141710698 

Wang, H., Yao, Y., Dai, X., Chen, Z., Wu, J., Qiu, G., Feng, T., 2022. How do ecological protection 
policies affect the restriction of coastal development rights? Analysis of choice preference 



 

 

      32 

Deliverable D1.3 

based on choice experiment. Mar. Policy 136, 104905. 
https://doi.org/10.1016/j.marpol.2021.104905 

Watson, S.C.L., Preston, J., Beaumont, N.J., Watson, G.J., 2020. Assessing the natural capital value 
of water quality and climate regulation in temperate marine systems using a EUNIS biotope 
classification approach. Sci. Total Environ. 744, 140688. 
https://doi.org/10.1016/j.scitotenv.2020.140688 

Węsławski, J.M., Warzocha, J., Wiktor, J., Urbański, J., Bradtke, K., Kryla, L., Tatarek, A., Kotwicki, 
L., Piwowarczyk, J., 2009. Biological valorisation of the southern Baltic Sea (Polish Exclusive 
Economic Zone). OCEANOLOGIA 51, 415–435. https://doi.org/10.5697/oc.51-3.415 

Wörsdörfer, M., 2019. Use of global models for policy recommendations., in: EU Conference on 
Modelling for Policy Support. Brussels. 

Yu, B., Cai, Y., Jin, L., Du, B., 2018. Effects on Willingness to Pay for Marine Conservation: Evidence 
from Zhejiang Province, China. Sustainability 10, 2298. https://doi.org/10.3390/su10072298 

Zhang, F., Wang, X.H., Nunes, P.A.L.D., Ma, C., 2015. The recreational value of gold coast beaches, 
Australia: An application of the travel cost method. Ecosyst. Serv. 11, 106–114. 
https://doi.org/10.1016/j.ecoser.2014.09.001 



 

 

      33 

Deliverable D1.3 

 


	1. Introduction
	2. Method
	3. Results
	3.1 General
	3.2 Objectives of ES valuation
	3.3  Monetary valuation
	3.3.1 Stated and revealed preference methods
	3.3.2 Input valuation methods
	3.3.3 Benefit transfer method

	3.4  Non-monetary valuation
	3.4.1 Biophysical modelling and mapping
	3.4.2 Participatory techniques
	3.4.3 Multi-criteria decision analysis


	3.5 Mixed methods
	3.6. The Total Economic Value and Ecosystem Services
	Figure 4. Types of values assessed in the application papers (n=91). More details regarding the types of values assessed in each study (per study ID) can be found in Supplementary Materials A3.
	Following the ES approach (Figure 5), the predominant focus of the included papers is on cultural ES, with 23 out of 91 application papers exclusively dedicated to this category and 43 out of 91 applications exploring cultural ES in conjunction with o...
	4. Discussion
	4.1. From economic valuation towards decision support
	4.2. A participatory approach for acknowledging social and cultural values
	4.3. Importance of ecological modelling for valuation

	5. Conclusion
	6. Acknowledgements
	References

