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Abstract

From its conception, ICZM has lain at the interface of science, policy and practice; this 
complexity can be addressed with place-based applications in local case studies. To sup-
port coastal decision-making towards sustainability, scientists developed and applied di-
verse methodologies. This research investigated ICZM research application, following the 
PRISMA guidelines; the Systematic Literature Review (SLR) included 134 case studies from 
a Scopus search of 502 results. This SLR examines location, approaches, project rationale, 
applied methodologies, and stakeholders’ involvement adopted across case studies. The 
Euro-Mediterranean region is the main territory of case study application, as expected from 
the support of the ICZM Protocol of the Barcelona Convention and the EU ICZM strategy. 
From the reviewed literature, the discussion focuses on the involvement of stakeholders, 
the consideration of climate-change impacts, and fisheries management within ICZM. This 
research proposes further research to assess the potential of the Fuzzy Cognitive Mapping 
(FCM) method for ICZM applications based on Local Ecological Knowledge.

Keywords: stakeholders’ involvement; methods; sustainability; global change; PRISMA 
guideline

1. Introduction
The introduction begins by presenting ICZM’s origin and development, then explains 

its transdisciplinary facet.

1.1. From Sectoral to “Integrated” Coastal Management
Coastal area management practices started in the late 1960s, were largely sector-specific 

and focused on limited onshore uses [1]. In 1989, the Charleston Workshop gathered inter-
national coastal management experts, who reviewed progress in coastal zone management 
and recognized scientists’ call to move from sectoral approaches to a certain integration 
of management programs. “Integration” referred to a holistic acknowledgement of hu-
man activities within coastal zones [2]. Sectoral management, where fisheries, tourism, 
urban development, and conservation are planned isolated, intensifies conflicts, exacerbates 
resource depletion, and deteriorates ecosystems [3–5] and therefore does not improve 
sustainable solutions in coastal zone issues. The goal of the Charleston Workshop was to 
define a framework to balance environmental protection, public use and economic devel-
opment. They agreed on the terminology: Integrated Coastal Zone Management (ICZM), 
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and its definition: “a dynamic process in which a coordinated strategy is developed and 
implemented for the allocation of environmental, socio-cultural, and institutional resources 
to achieve the conservation and sustainable multiple use of the coastal zone” [2]. The 
“integrated” coastal management concept evolved within scientific literature and interna-
tional political agreements through different terminologies. The Agenda 21 of the 1992 
Rio Earth Summit referred to integrated coastal management (ICM) in the 17th chapter 
“Integrated Management and Sustainable Development of Coastal and Marine Areas, In-
cluding Exclusive Economic Zones” [6]. The program adopted by the Intergovernmental 
Oceanographic Commission (IOC) in 1997 used the integrated coastal area management 
(ICAM) terminology [7]. Integrated coastal management (ICM) and integrated coastal 
area management (ICAM) are framed under the ICZM concept defined at the Charleston 
workshop. Today, “integrated” coastal management is widely regarded as the paradigm 
for sustainable coastal management [1]. In 1997, UNEP proposed a guideline to expand 
integrated coastal management to river basins, introducing the “Integrated Coastal Area 
and River Basin Management” ICARM concept [8].

Distinct interpretations of “integration” exist in the literature [9,10]. Initially, “integra-
tion” referred to a holistic approach that considered both the physical coastal environment 
and human society, acknowledging all sectoral activities and their related issues within 
coastal management planning. In this SLR, we will apply the framework extracted from 
Ernoul (2010) [11], which reported nine different “Facets” of integration:
• Vertical: Integration of actors of institutions and administrative levels within the 

same sector;
• Horizontal: Integration of various actors of sectors at the same administrative level;
• Systemic: Necessity of ensuring that all the socio-ecological interactions and important 

issues are taken into consideration;
• Functional: Actions that must be in harmony with the management objectives 

and strategies;
• Spatial: Integration of both terrestrial and marine aspects of the coastal zones;
• Political: Policies, strategies and plans for the development of the coastal region must 

be incorporated into more general policies, strategies and plans;
• Disciplinary: Integration of various disciplines;
• Planning: Planning on different spatial scales should not have conflicting aims, objec-

tives or strategies;
• Temporal: Coordination between plans and programs in the short, medium and 

long term.

1.2. Science–Policy–Practices Interface Within ICZM
From its conception, ICZM has lain at the interface of science, policy and practices [2]. 

Over time, numerous definitions have emerged across scientific literature and policy 
frameworks, describing ICZM as a dynamic decision-making process that combines hu-
man and ecological dimensions to ensure the sustainable use, development and protec-
tion of coasts [9]. Considering the geographic scale, ICZM programs can range from 
transnational plans to locally focused case studies [9]. ICZM has multiple purposes: ad-
dressing development implications, conflicting uses, and the interconnections between 
natural processes and human activities, while fostering land and sea coordination [1]. 
Vellinga and Klein (1993) [12] recognized coastal vulnerabilities associated with the expan-
sion of human activities, urbanization, resource extraction, and population growth, which 
are being intensified by global climate change and sea-level rise, and stated the necessity to 
include climate change impacts within ICZM goals.
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The contribution of science in coastal decision-making is intricate, due to the diversity of 
scientific disciplines involved in the process [13]. As coasts are dynamic and involve complex 
socio-ecological processes, their analysis requires a combination of social and natural 
sciences [1,9]. According to McFadden (2007) [14], coastal researchers advance expertise 
on the overall behavior of coastal processes and the environment. “Coastal behavior” also 
includes societal factors (local culture, communities’ perception, opinions, views, and 
values) interacting with physical coasts. ICZM demands not only technical expertise but, 
above all, the ability to address systemic social issues [13]. In this regard, scientific research 
has developed diverse methodologies, from environmental assessment to management 
strategy design [9,14].

An additional challenge identified in the literature is the inclusion of this scien-
tific knowledge in policy and management practices [15,16]. Combining science and 
management refers to the production of expertise and the translation of scientific in-
sights for decision-makers. Achieving this depends on strengthening communication 
and exchange between managers and scientific experts across various disciplines [17]. 
Dale et al. (2019) [15] identified the cultural and political context and uncertainty around 
scientific knowledge as the persistent issues of the science–policy–practices gap, compro-
mising the resolution of coastal vulnerabilities, and proposed “place-based research” or 
local case study research as a potential solution.

This science-policy-practice junction of ICZM leads to co-management with stake-
holders (policymakers, coastal managers, local community, and private sectors) [14,15]. 
GESAMP (1996) [18] stated the importance of stakeholders’ participation throughout the 
entire ICZM process, from the development of the decision-support tool to the decision-
making process [18]. Involving stakeholders within ICZM ensures the contextual relevance 
of the project [9]. Different levels of participation can be achieved, and knowledge exchange 
through dialogue and discussion is preferred over unidirectional knowledge transfer [15].

1.3. Research Aim
“Place-based research” is a mechanism to foster cooperation between policy, science, 

and practice within ICZM [15]. A central role of scientists in ICZM is to design method-
ologies that capture the complexity of socio-ecological coastal interactions and support 
informed decision-making [9,14]. Through a bibliometric analysis, Jiang et al. (2023) [19] 
identified methods and technologies as one of the main areas of focus in ICZM research 
and recommended strengthening the development of tools that effectively support decision-
making. Stakeholder involvement is fundamental to ensure the contextual relevance of the 
ICZM process [9].

Within this perspective, this SLR aims to investigate ICZM “place-based research” 
applications, their location, coastal issues addressed, methods, possible gaps, the “inte-
gration approach” and stakeholders’ involvement. This synthesis of ICZM applications in 
scientific work intends to support further research in this field by enhancing understanding 
of how ICZM is applied so far. This study excludes research specifically addressing ICZM 
evaluation and implementation progress, as literature already exists on these topics [20,21].

2. Materials and Methods
The materials and methods section depicts the search strategy, the PRISMA flow 

diagram, and the content and data analysis.

2.1. Search Strategy and Screening
The following section outlines the steps undertaken to achieve the study objectives 

in accordance with the PRISMA guidelines [22]. Based on a preliminary scoping search 
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conducted in Scopus and Web of Science (details provided in Table S1), the search string 
presented in Table 1 was selected.

Table 1. Scopus Search string. Selected Scopus search string used to identify ICZM case studies, with 
the total number of results (conducted on 7 March 2025).

Search String Results

(TITLE (iczm OR (integrated* AND coastal* AND zone* AND 
management*) OR (integrated* AND island* AND management*) OR 
(integrated* AND coast* AND management*)) AND TITLE-ABS-KEY 

(method* OR tool* OR (case* AND study*) OR project*) AND (LIMIT-TO 
(LANGUAGE, “English”) OR LIMIT-TO (LANGUAGE, “French”)) AND 

(EXCLUDE (DOCTYPE, “re”))

502

The choice of the final selected query (Table 1) was based on 14 scoping queries run 
between 25 February and 7 March 2025 (see supplementary material). Applying ICZM 
search in Web of Science and Scopus presented more published results. This search string 
restricted access to papers that do not use ICZM wording in the title; to compensate, we 
added title variants for integrated island management and integrated coastal manage-
ment. The “method”, “tool”, “case-study” and “project” keywords were applied to capture 
applied studies.

Only studies on ICZM methodologies applied to specific case studies were included. 
The first exclusion criterion is the “wrong population”: research that is not an application of 
an ICZM tool or does not align with the facets of “integration” defined by Ernoul (2010) [11]. 
The second exclusion criterion is “wrong study design”, for instance, studies focusing on 
evaluations and progress on ICZM projects.

Firstly, titles, abstracts, and keywords were screened, resulting in the exclusion of 
156 studies. After a full-text review of 346 studies, 112 articles were included, and 8 were not 
retrieved. Figure 1 illustrates the article selection process. The database of the 112 selected 
research is available in Table S2. Among the 112 papers, 134 case studies were assessed for 
content analysis; some publications depicted several case studies, with different applications 
of tools in different locations. A publication was counted as containing more than one case 
when it described applications that differed in location and in application, each with its 
own context, data, and results. To illustrate, Rodríguez et al. (2009) [23] applied GIS to 
two case studies in Spain, the Ebro Delta and the Catalan coast, each with its own data and 
findings, so we coded it as two case studies. Selected publications and their case studies are 
listed in the supplementary material. The coding framework and ambiguous records were 
discussed with the co-authors.

2.2. Content Analysis Framework
Content analysis was applied to the 134 case studies to identify trends. The coding 

framework used for this analysis is presented in Table S3. Descriptive statistical meth-
ods were then employed to synthesize the findings, which are reported as frequencies of 
occurrence, relative to the total number of case studies in the sample (n = 134).

Each case study was coded against a structured framework (Table S3) comprising the 
following thematic dimensions:

Geographical context: The location of each case study was recorded at national and 
Mediterranean levels.
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Figure 1. PRISMA 2020 flow diagram. The diagram illustrates the study selection process, including 
identification, screening, and final inclusion of studies, following PRISMA 2020 guidelines [22].

Coastal issues: The rationale of each ICZM project was characterized by identifying the 
coastal issues explicitly addressed: pollution (marine and land-based), coastal development, 
biodiversity loss, climate change, flood, overfishing, erosion, social, over-tourism, conflict 
between users, and protection. Multiple coastal issues could be attributed to a single 
case study.

Integration approach: The type of integration pursued in each case study was classi-
fied against the nine facets defined by Ernoul (2010) [11]: vertical, horizontal, systemic, 
functional, spatial, political, disciplinary, planning, and temporal. Multiple facets could be 
assigned to a single case study where applicable.

Human activities: Human activities identified within each case study were recorded, 
including tourism, fishing (commercial and non-commercial), industry, recreational activi-
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ties, agriculture, aquaculture, and transport activities. Multiple human activities could be 
attributed to a single case study.

Methodology: The methods applied in each case study were categorized into five 
groups: (a) spatial data analysis, encompassing Geographic Information Systems (GISs) 
and remote sensing techniques; (b) indicator-based methods (e.g., DPSIR/DAPSI(W)R(M) 
frameworks, SWOT analysis, and local environmental sustainability indicators); (c) nu-
merical and process-based modelling; (d) Decision Support Systems (DSS); and (e) other 
methods. Multiple methods could be attributed to a single case study.

Stakeholder involvement: The degree of stakeholder participation was assessed follow-
ing a ladder of participation framework, distinguishing four levels of engagement: (1) no 
participation mentioned (stakeholder participation was not reported in the reviewed study); 
(2) informing (one-way communication from researchers or managers to stakeholders); 
(3) consultation (stakeholders solicited for their views, without decision-making authority); 
and (4) active participation [24].

2.3. Data Analysis
Descriptive statistical methods were employed to synthesize the findings, reported as 

frequencies of occurrence relative to the total number of case studies (n = 134).

3. Results
The database contains 134 case studies from 112 publications (database available in 

the Table S2). The case- median is 2013.5, and the peak extends from 2013 to 2014; each 
contains 14 cases (Figure 2).

Figure 2. Timeline of the case studies publication. Distribution of the 134 case studies per publica-
tion year.

The spatial distribution of ICZM case studies displays the number of case studies per 
country (Figure 3). Two case studies, presenting a study area overlapping several countries, 
are being removed from the country distribution analysis. Fifty five case studies are located 
along the Mediterranean (41%). European Mediterranean countries are a spatial cluster 
for ICZM application; 74 case studies are based in Europe, with 18 case studies located in 
Italy, 12 in Spain, 10 in France and 7 in Greece. Figure 3b represents the total number of 
case studies nationally, with a focus on the Mediterranean Region.
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Figure 3. Spatial distribution of 132 case-study records included in the country-level map. Global 
distribution (a); Mediterranean focus (b).

Each case study can identify several “coastal issues”, follow different integration 
approaches and use a combination of methods. The ICZM case studies addressing “coastal 
issues” (Figure 4a) include 67 classified as “Pollution” and 59 as “Coastal development”, 
while only 20 are classified as “Climate Change”. The different research approaches are 
spread between the nine “integration facets” (Figure 4b), with 53 case studies following a 
spatial perspective and only 18 a temporal one. The assessment of identified human activities 
(Figure 4c) highlights the tourism industry (84 mentioned), and 63 case studies identified 
fishing efforts (for commercial and non-commercial purposes). Regarding applied methods 
(Figure 4d), 70 case studies used spatial data analysis, and 65 indicator-based methods.

The co-occurrence of ICZM methods with the identified “coastal issues” and with the 
“integration” approaches was explored descriptively using alluvial graphs (Figure 5).

The assessment of the level of stakeholders’ involvement within case studies indicates 
that stakeholder participation was not reported in 50 of the 134 cases, stakeholders were con-
sulted in 40 cases, a higher level of participation was reported in 33 cases and stakeholders 
were informed in 11 cases (Figure 6).

https://doi.org/10.3390/su182111092
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Figure 4. Proportional distribution of ICZM case studies—coastal issues (a), integration facets (b), 
human activities (c), and ICZM methods (d) (n = 134).

Figure 5. Descriptive co-occurrence of ICZM methods (n = 134). Alluvial graphs representing 
the proportion of coastal issues per ICZM methods (a), and the proportion of ICZM methods per 
integration approaches (b). The width of a flow between two categories corresponds to the number 
of case studies identified in both categories.
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Figure 6. Proportion of case studies by participatory approach (n = 134). Classification follows the 
ladder of participation, from non-mention of inclusion, to informing, consulting and active participation.

4. Discussion
4.1. Plurality of ICZM Case Studies

This research reflects the plurality of ICZM case studies, the diversity of coastal issues 
addressed, different coastal activities, the palette of methodologies used, and their theoreti-
cal approaches. ICZM applications use combinations of methods, and there is no consensus 
on the utilization of a single universal tool [25]. The “integration” assessment, based on 
the framework extracted from Ernoul (2010) [11], shows that spatial (40%) and political 
(39%) integration were most frequently addressed, while temporal integration was least 
frequent (13%). The remaining types were reported in 29–33% of cases, which reflects the 
diverse understanding of “integration” in ICZM case studies.

The rationale of ICZM projects referred to the assessment or identification of “coastal 
issues”. Coastal environmental quality, for both terrestrial and marine areas, is affected 
by pollution, as identified in 50% of the studies reviewed. Marine quality faces pressure 
from both maritime and land-based pollution sources. In the gulf of Honduras case study, 
Caviedes et al. (2022) [26] identified pollution as a major threat, with land-based activities 
leading to agricultural runoff, while maritime activities and port operations deteriorate 
marine water quality and impact fisheries, aquaculture, and tourism sectors. Coastal 
development characterized by urbanization and land-cover change is among the most 
frequently assessed coastal issues (present in 44% of case studies). Yu et al. (2021) [27] 
explored coastal development through reclamation intensity, to evaluate the extent and 
trends of urban growth and land-use change within the coastal zone. Biodiversity loss 
is recognized as one of the crossed planetary boundaries [28] and emerges as the third 
major concern, identified in 41% of case studies. Larid (2015) [29] conducted a project on 
the management of the coastal wetland of Réghaia, Algeria, focused on the protection and 
conservation of the Ramsar site, threatened by an increase in intense human presence.

In this analysis, the European Mediterranean is identified as the main region of ICZM 
applications. The timeline analysis illustrates a first period of publications from the nineties 
reaching the peak in 2013–2014. This is explained by the EU support for ICZM develop-
ment, publishing “Communication from the Commission to the Council and European 
Parliament on Integrated Coastal Zone Management: A Strategy for Europe” in 2000 [30]. 
Additionally, the ICZM Protocol of the Barcelona Convention, adopted in 2008, is the first 
legally binding instrument specifically dedicated to the sustainable management of coastal 
zones in the Mediterranean region [31]. The Mediterranean Basin is widely recognized 
as a region highly vulnerable to accelerating climate and environmental change. Beyond 
climate warming, the region faces multiple and interacting pressures, including shifts in 
land and sea use, agricultural intensification, urban expansion, rising pollution levels, and 
ongoing biodiversity decline. In marine systems, ocean warming combined with overfishing 
may lead to the local extinction of more than 20% of currently exploited fish and marine 
invertebrate species by 2050 [32].

ICZM applications use a palette of methodologies to address the uniqueness of each 
coastal case study:

https://doi.org/10.3390/su182111092
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• Spatial data analysis encompasses Geographic Information Systems (GISs) and remote 
sensing techniques as traditional methods for data collection in ICZM applications (52%). 
Rodríguez et al. (2009) [23] presented three GIS applications for assessing coastal haz-
ards, shoreline evolution and sand dune evolution. Gourmelon et al. (2014) [33] utilized 
GIS to map human activities in the Bay of Brest, France. Elnabwy et al. (2020) [34] pro-
posed a method for monitoring the shoreline behavior, based on satellite image analysis. 
Saad et al. (2022) [35] used a “digital elevation model” to monitor beach profiles for 
assessing erosion and accretion. Yu et al. (2021) [27] identified coastal reclamation fac-
tors through satellite images. Kratzer et al. (2014) [36] applied the ocean color remote 
sensing tool to assess eutrophication.

• Indicator-based system methods (49%) allow for a holistic understanding of the 
coastal context. Caviedes et al. (2022) [26] adapted the DPSR Drivers-Pressures-State-
Response framework to Drivers–Activities–Pressures–State Changes–Impacts (on Wel-
fare)–Responses (as Measures), DAPSI(W)R(M). Milanés Batista et al. (2020) [37] 
used the local indicators of environmental sustainability framework, and
Sumarmi et al. (2024) [38] used SWOT (Strengths, Weaknesses, Opportunities, and 
Threats) analysis. Cantasano and Pellicone (2014) [39] applied the Function Analy-
sis based on a system of indicators to determine the environmental quality of the 
coastal system.

• Modelling methods (26%) are also diverse: Grey et al. (2014) [40] applied a Soil 
and Water Assessment Tool (SWAT) model, and Oliveira et al. (2014) [41] applied 
a forecast modelling system based on an interactive WebGIS observatory platform. 
Guimarães et al. (2014) [42] utilized an Economic Base Model (EBM) to evaluate the 
economic impact of coastal policies. Morteza et al. (2016) [43] developed an evaluation 
model based on the analytic network process and a ranking technique to identify ideal 
tourist site selection.

• Decision-Support Systems (DSS) are described as models providing a user-friendly 
interface, usually combine different methods. Tan et al. (2018) [44] applied the DSS 
approach based on system dynamics modelling; Marotta et al. (2011) [45] developed a 
DSS based on satellite images and indices. Hansen and Fuglsang (2014) [46] combined 
indicators and land-use modelling for its DSS application.

4.2. Thematic Gaps Identified
Despite the recognition of stakeholder involvement as fundamental for the science–

policy–practice junction within the ICZM process, 37% of ICZM applications did not men-
tion any stakeholder involvement. To classify the different levels of “participation”, this 
study followed the “stakeholder participation ladder” [24]. Information is considered as 
one-way information flow, from “expert” to “stakeholders”, for consultation; stakeholders 
provided information within the ICZM process. ICZM applications generally followed con-
sultation (30%) or active participation (25%). Milanés Batista et al. (2020) [37] presented 
active participation that included the local community within the full stage of the program 
(preparation, diagnosis, assessment proposal, and implementation), through workshops, 
various meetings, and focus groups; similarly, Barragán Muñoz et al. (2020) [47] involved 
stakeholders from the diagnosis to the proposal phase.

Diverse approaches are used to assess stakeholders’ perceptions, views, values and 
opinions, combining traditional ICZM tools with stakeholder involvement. Participatory 
mapping is an example of stakeholder engagement applied with spatial data analysis. 
Hietala et al. (2021) [48] created an online participatory GIS survey in three case stud-
ies, using ArcGis and Maptionnaire. The public (residents and visitors) could identify 
places and describe their views and values of different sites, with reference to coordinated 
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data, and could comment and modify an ICZM draft. This project resulted in an ICZM 
plan built on perceptions of stakeholders. In parallel with the indicator-based model, 
Sumarmi et al. (2024) [38] used the SWOT framework to carry out in-depth interviews to 
determine management strategies and potential development. Niavis et al. (2019) [49] 
performed a statement ranking through semi-structured interviews in two case studies. 
Locals involved in waterfront activities evaluated their city waterfront, resulting in the iden-
tification of impacts of the proposed ICZM process. Wongthong and Harvey (2014) [50] 
combined questionnaires and in-depth interviews to propose a combination of the ICZM 
framework with a community-oriented approach and “self-regulation” and affirmed the dif-
ficulty of transferring the accepted ICZM framework within local contexts; they concluded 
that context is important for selecting or adapting appropriate management strategies.

The multiple climate change impacts on coastal systems are well documented in the 
literature: global warming leading to water scarcity, rising sea levels and greater storm 
intensity leading to increased coastal flood risks, shoreline retreat, increasing sea surface 
temperatures, and ocean acidification [51,52]. These pressures affect biodiversity, compro-
mise ecosystem functioning, and alter the ecosystem services upon which human well-being 
depends [53]. Despite the recognition of the necessity to integrate climate change-related 
consequences into ICZM [12], climate change was explicitly identified as a coastal issue 
in only 20 of the 134 cases reviewed (15%). However, this does not necessarily reflect the 
extent to which climate-change adaptation was considered in ICZM practice.

Fishing activity was present in 63 of the 134 case studies (47.0%), yet overexploitation 
of marine resources was identified as a coastal issue in only 15 case studies (11.2%). It does 
not show how well fisheries management is integrated into them, which we did not assess 
directly. However, fisheries governance and ICZM have historically evolved separately. 
Chapter 17th of the Agenda 21 (1992) distinguished “the integrated coastal management” 
and “the conservation of marine living resources” as complementary programs, leading to 
the negotiation and adoption of the UN Fish Stocks Agreement, differentiating fisheries 
management from integrated coastal management [54]. Although the fishery sector is 
affecting coasts, especially “socio-ecological” coastal dynamics, and a “holistic” approach 
to coastal management is needed, fisheries management and its governmental structures 
remain distinct from coastal management ones [2,55]. In the case of over-fishing or destruc-
tive habitat fishing techniques, marine protected areas can serve as a tool to implement 
fisheries management into ICZM through place-based applications [56]. For instance, 
Nickerson-Tietze (2000) [57] proposed training fishers in alternative livelihoods, such as 
ecotourism guides, to decrease fishing pressure in the Pulau Payar marine park (Malaysia), 
as an ICZM management strategy using the Spatial Area Management approach.

4.3. Fuzzy Cognitive Mapping as a Potential Method for ICZM Applications
Based on this review, we propose the use of FCM methods for ICZM applications, to facil-

itate further research in participatory ICZM applications, especially to achieve “integration”.
Participatory modelling offers a promising approach for addressing complex environ-

mental challenges, as it enables diverse stakeholders to collaboratively build system models 
that bring together their knowledge, values, and priorities in planning processes. These 
processes can strengthen local ownership of management strategies, draw on multiple forms 
of expertise, and support a transition from top–down governance toward more inclusive 
approaches aligned with community perspectives [58].

FCM is a mental representation of a system. This qualitative model is composed of key 
variables and the causal links that connect them [59]. You can refer to Figure 2, “Example 
of Fuzzy Cognitive Mapping”, of the scoping review (Mourhir, 2021 [60]) for a graphical 
representation of the method [60]. Its graphic representation is composed of nodes, which 
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correspond to concepts, and arrows, which indicate causal relationships between them [16]. 
Variables may refer to measurable physical elements or more abstract, aggregated concepts. 
An individual (or a group) constructing the map identifies variables and then specifies 
causal relationships between them, indicating both direction (using arrows) and relative 
strength [59]. FCM can be seen as a “mental landscape” of the creator’s knowledge and 
perceptions of a system, in a graphic representation [61]. Cognitive maps can be developed 
not only by experts but also by local community members, who often possess detailed 
ecological knowledge that is valuable for the development of socio-ecological model [59].

This method is used to predict changes of concepts within a system, as they represent 
causality in dynamic systems. They answer “what if” questions: what happens to the system 
if some of its components change. As this approach relies on exploring comparable types 
of system change, it is a suitable method to explore the resilience of SES [62]. This makes it 
possible to simulate the consequences of alternative policy choices on SES and perform sce-
nario analyses that simulate how different management strategies or development pathways 
may lead to varying outcomes within the broader system [58,63]. FCMs have been widely 
applied to explore resilience, socio-ecological systems, and scenario analysis [60,62,63].

FCM bridges the knowledge gap between science, policy and practices [64] as stake-
holders can actively contribute to the co-production of decision-support models [58]. In-
tegrated assessment frameworks such as FCMs are commonly employed to address the 
challenges of complex environmental issues and to support policy-makers in decision-
making processes [60], making them well-adapted tools for the implementation of ICZM 
projects. Nevertheless, the method also presents certain limitations, such as spatial repre-
sentation, as discussed by (Mourhir, 2021 [60]).

5. Conclusions
Following PRISMA guidelines, this SLR examined the application of ICZM through 

published case studies. This study provides a database of the selected ICZM case studies in 
Table S2. This analysis discussed certain patterns emerging from the reviewed literature: 
the involvement of stakeholders, the consideration of climate-change impacts, and fisheries 
management within ICZM. This research recommends the exploration of the application of 
Fuzzy Cognitive Mapping (FCM) to ICZM.
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