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A B S T R A C T   

Coastal zone management is a pressing matter, especially in developing countries, which are highly vulnerable to 
the effects of climate change. Human systems are underrepresented in the vast array of indicators aimed at 
assisting coastal zone management decisions. Clearly, there is room to better capture natural and human system 
relationships and interactions in coastal area assessments. A case in point is the well-known Coastal Hazard 
Wheel (CHW). Hence three main objectives guide this paper: (i) Analysing the existing set of indicator themes 
and categories in coastal areas; (ii) Contrasting this set of indicators with the perceived needs of local coastal 
stakeholders from a developing country; and (iii) Proposing indicator categories to be included as part of a 
systemic coastal zone management framework. To this end, we undertook an automated content analysis of 1116 
peer-reviewed articles on the subject matter. The analysis and a stringent set of criteria led to 40 articles that 
were reviewed to identify suitable indicators. In parallel, field research in Ghana allowed for a set of indicators 
from the quadruple helix stakeholders operating in coastal zones to be elicited. Contrasting the two sets of in-
dicators resulted in three situations. The first involves 14 indicator categories that co-occur in the literature and 
the detected needs from local coastal stakeholders. In the second situation, the categories mentioned in the 
literature were those not mentioned at local level. A third situation appeared when the local coastal stakeholders 
mentioned categories of indicators that were not identified in the reviewed literature. After examining each case, 
we advocate for the indicators in the first situation to be incorporated into the current coastal indicator moni-
toring frameworks (for example by upgrading the CHW). The unique contribution of this paper is the combi-
nation of literature and stakeholder-based indicator sub-categories that should be added to the current set of 
coastal monitoring frameworks.   

1. Introduction 

More than half of the world’s population live up to 200 km inland 
from the coastline, a number that is set to double by 2025 (Inácio et al., 
2018; Micallef et al., 2018). This stands to reason as coastal zones 
contain the most productive habitats around the globe (Eriksen and 
Silva, 2009) adding to the attraction for human settlement taking 
advantage of livelihood opportunities in these areas (Barragán and de 
Andrés, 2015). 

However, the latest report from the Intergovernmental Panel on 
Climate Change (IPCC) suggests that the global mean sea level rise is 
accelerating (Oppenheimer et al., 2019). Moreover, non-climatic 
anthropogenic drivers –including rapid urbanisation in coastal areas 
and growth of megacities are adding to the pressure on coastal com-
munities. Specifically with regards to exposure and vulnerability to the 

accelerated sea-level rise and extreme weather events (Stronkhorst 
et al., 2018). 

Coastal areas are consequently progressively affected by climate 
change (Appelquist and Balstrøm, 2015; Appelquist and Halsnæs, 2015; 
Kronen et al., 2010; Zhu et al., 2010). The disruptive impacts are 
particularly challenging for developing countries where planning in 
coastal development is often lacking (Wong et al., 2014). Further com-
pounding this issue, coastal migration has largely taken place in flood 
and cyclone-prone areas exacerbating the impacts from climate change 
(de Sherbinin et al., 2011). 

Natural and human systems in coastal areas are extensively entwined 
as paired socio-ecological systems, yet they are often measured sepa-
rately (Stojanovic et al., 2016). Typically, the natural systems of coastal 
areas include ecosystems and detailed biophysical attributes (Wong 
et al., 2014). Meanwhile, the human systems encompass the built 
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environment, economic activities (e.g., tourism, aquaculture, fisheries) 
and the formal and informal institutions that organize human activities 
(e.g., policies, laws, customs, norms, and culture). 

These human systems are critical as they drive many of the impacts 
(both environmental and social) and the changes that are seen at the 
local level in coastal areas. The drivers for these human systems involve 
a combination of social, economic, and institutional factors including 
taxes and subsidies, aesthetics and recreational attractiveness of the 
coast, as well as increased mobility (Bagstad et al., 2007). 

Identifying both the natural and human-related changes in coastal 
areas is essential in order to effectively manage them. Developing 
countries have a greater challenge in this regard, since data, capacity, 
expertise and economic resources are limited; further, coastal pop-
ulations in these countries are generally growing more rapidly and 
haphazardly (Appelquist and Balstrøm, 2014). 

In order to make sense of these changes, indicators with the ability to 
gather and present data in a relatively straightforward manner are 
required. Only then, can complex systems or phenomena be appreciated 
in a way that is reasonably simple to understand by coastal zone man-
agers (Choobchian et al., 2015). Indicators are useful for sharing the 
results of technical analyses or for monitoring the characteristics of 
these natural and human systems. They also enable comparisons across 
sustainability criteria or indeed across regions, as it so happens within 
the fisheries sector for example (Le Gallic, 2002). 

Over the years, a plethora of indicators have been developed to give 
insight, monitor and manage coastal areas. However, the majority of 
coastal area indicators relate to the biophysical systems, with the human 
systems (for e.g. socio-economic, economic, governance, culture, norms 
etc.) requiring a more integrated or holistic focus (Becken et al., 2014; 
Biedenweg et al., 2017; King et al., 2014). Evaluating indicators in 
isolation provides a portion of the whole picture. Thus, a systemic 
framework is required to help guide environmental decision making 
(Werner et al., 2014). Nguyen et al. (2016) stress the importance of 
combining social and biophysical systems in an integrated framework, 
especially in relation to policy-driven assessments towards adaptation 
measures in coastal areas. 

Numerous frameworks, models, and approaches try to make sense of 
these abundance of indicators to better manage and understand the 
changes taking place at coastal areas. Table 1 features a non-exhaustive 
list of approaches divided into four categories according to their focus 
((i). social, (ii) interface between social and biophysical, (iii) biophysi-
cal, (iv) systemic). This list evidences the lack of an approach that en-
compasses all aspects of the indicator assessments at coastal areas. 
Indeed, what is clear from the literature is that there is a general lack of 
successful implementation of the different approaches (Suinyuy et al., 
2016). There also seems to be a poor integration of the human system 
aspects of economic, political and governance facets within the majority 
of the indicator approaches. 

The Coastal Hazard Wheel (CHW) featured in Table 1 (Appelquist 
and Balstrøm, 2015) is a recently developed indicator-based framework 
that has raised significant interest at the practical level for its ease of 
implementation. As a rapid assessment tool to coastal hazards, it re-
quires low or no primary data collection (Appelquist and Halsnæs, 
2015). Examples of its implementation exist for India (Appelquist and 
Balstrøm, 2015), Timor Lest, and Malta (Micallef, Micallef and Galdies, 
(2018)). As evidence of its institutional significance, different inter-
governmental organisations have adopted the CHW, including the 
United Nations Industrial Development Organisation (UNIDO), the 
United Nations Environment Programme (UNEP) (Appelquist Rosendahl 
et al., 2016) and the Climate Technology Centre and Network (CTCN) 
(CTCN, 2017). 

Developed as a method to address coastal management issues, the 
CHW has a specific focus on the biophysical elements, with outcomes of 
the assessments indicating where further interventions are required 
(Appelquist, 2013). The method therefore assists regional planners and 
decision-makers in obtaining an overview of the hazard profile of the 

coastline and in identifying hazard hotspots (Appelquist and Balstrøm, 
2015). 

The lack in the consideration of the human systems within the 
overall assessment is a major shortcoming of the CHW framework. 
Indeed, its proponents already detected the need to add the human 
system to their framework: “supplementing the physical CHW assess-
ment with socioeconomic data may in many cases be relevant for 
improving the information base for coastal planners and managers. This 
would provide CHW users with a combined picture of physical hazards 
and societal activities which could be relevant for supporting long-term 
planning decisions.”(Rosendahl Appelquist and Halsnæs (2015):PP 9). 
However, to date, the incorporation of this type of data has not been 
included in any methodological development or practical implementa-
tion of the CHW framework. 

Wider research also calls for the incorporation of human systems into 
these types of frameworks and assessments. Howe et al. (2014) identify 
research needs in the interplay between socio-economic factors, human 
well-being and ecosystems. Calhoun et al. (2016) suggest that under-
standing the social-ecological system requires the consideration of the 
social, cultural, historical, and legal/policy aspects as well. Vugteveen 
et al. (2015) call for the development of indicators that identify the 
processes of social, economic and ecological subsystems for integrated 
management strategies in social-ecological systems. 

Clearly, ecosystem analysts need to move away from thinking of 
ecosystem assessments as decision-making tools and treat them rather as 
an opportunity to understand and analyse the nature-society (i.e. natural 
and human system) relationships (Lele et al., 2013). In the same vein, 
there have been calls for indicator sets at coastal areas to be more 
consistent, comprehensive and complete and to thus form part of the 
overall Sustainability Development Goals assessments (Griggs et al., 
2014). 

Therefore, we can observe that there is a clear call to bring dedicated 

Table 1 
Indicator frameworks, models and approaches in coastal areas.  

Focus Framework/model/approach Reference 

Social Community Wellbeing index 
(CWBi) 

Buot and Cardenas 
(2016) 

Multi-dimensional Poverty Index 
(MPI) 

Alkire and Santos 
(2010) 

Community Based Management Baines (1982)  

Interface between 
Social and 
Biophysical 

Drivers-Pressures-Ecosystem 
Services-Response (DPSER) 
model 

Kelble et al. (2013) 

Multi-Scale Integrated Analysis 
of Societal and Ecosystem 
Metabolism (MUSIASEM) 

Giampietro et al. (2009) 

Socio Ecological Systems at 
Coastal Areas 

Murphy (2015)  

Biophysical Ecosystem health (in relation to 
coastal areas) (CEH) 

Costanza and Greer 
(1995) 

Coastal Vulnerability Index Thieler and Hammar- 
Klose (1999) 

Coastal Hazard Wheel Appelquist and Halsnæs 
(2015) 

RISC-KIT Coastal Hazard 
Assessment module 

Van Dongeren et al. 
(2018) 

Coastal erosion risk assessment Narra et al. (2017) 
Smartline Lins-de-Barros and 

Muehe (2013), Sharples 
et al. (2009)  

Systemic Integrated approach to 
community-based coastal 
resources management 

Magpayo (1995) 

Community Capitals Framework Flora and Flora (2008) 
Integrated Coastal Zone 
Management 

Sorensen (1993) 

Community Based Coastal 
Resource Management 

Maliao et al. (2009)  
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human system indicators into the current coastal area assessments to 
enhance management decisions and approaches, as well as to better 
understand the natural and human system relationships. This article 
therefore focusses on three main objectives aiming at pursuing this call:  

1) To analyse the existing set of indicator themes and categories in 
coastal areas.  

2) To contrast this set of indicators with the perceived needs of local 
coastal stakeholders from a developing country (Ghana)  

3) To propose a set of indicator categories to be included as part of a 
systemic coastal zone management framework that takes it further 
than just the natural systems. 

This paper thus provides the methods to which this investigation was 
undertaken followed by a section on the results, the discussion and the 
final conclusions that were drawn up and the suggestions for further 
research in this field. 

2. Methods 

A research framework (Fig. 1) was devised to facilitate the systematic 
collection of data and its subsequent analysis. The framework was 
guided by the three main objectives of this paper. The secondary data 
(scientific literature) and primary data (focus groups) collection was 
undertaken before their subsequent analysis using supporting software. 

2.1. Eliciting indicators from the scientific literature 

A systematic evaluation of the peer-reviewed literature started with 
the first set of keywords: coast* AND environ* AND system* AND in-
dicator* in the scientific databases Scopus, Google Scholar and Web of 
Science (February 2019). The first search strings were followed by a host 
of others, which eventually totalled a combination of 38 different 
keyword strings. This resulted in 1116 articles that were identified as 
relevant to this research. The sheer number of relevant articles is indeed 
symptomatic of the current challenge facing ecological research in that 
extensive literature exists on the subject, which is currently referred to 

as “big literature” (Nunez-Mir et al., 2016). 
A further significant challenge in the analysis of the identified and 

selected literature is that the vast majority of articles involve qualitative 
outcomes in the form of narrative reviews (Koricheva et al., 2013). To 
overcome both these challenges we used Automated Content Analysis 
(ACA), i.e., algorithms that enable ‘concept mapping’, to ascertain the 
thematic composition of our body of literature. Themes in literature 
emerge from the frequency at which words and concepts appear and the 
relationships among them (Nunez-Mir et al., 2016). 

The software program chosen to perform the analysis was Lex-
imancer (Leximancer, 2019), which has been abundantly applied to 
ecological research (Cretchley et al., 2010; Grech et al., 2002; Knott 
et al., 2019; McCallen et al., 2019; Nunez-Mir et al., 2016; Penn- 
Edwards, 2010; Sullivan et al., 2018; Wavrek et al., 2017). Apart from 
the ability to perform ACA, Leximancer also provides a measure of the 
associations between concepts, which is an important aspect when 
looking to compare indicators in the literature. This step unveiled key 
themes, terms associated with those themes, and their connection to the 
word “indicator(s)”. After removing 21 words without substantial rele-
vance (e.g., “different”; “results”; “paper”; etc.), we identified 36 rele-
vant words from the ACA literature analysis. 

Next, we selected the articles that included the term “indicators” as 
the main theme, together with other theme words that emerged from the 
ACA. The process yielded 296 articles whose abstracts were then 
reviewed against the following inclusion criteria:  

- Based on original research, and not reviews or meta-analysis;  
- Explicitly identifying indicators, with specific focus on social 

indicators;  
- Based on empirical studies (case studies);  
- Focused on coastal regions;  
- Local focus (not national, regional or global);  
- Case studies undertaken in developing countries  
- The articles would need to be 10 years old or younger 

The particular focus on the social indicators is due to the perceived 
gap in the literature in measuring social indicators at coastal areas in 

Fig. 1. The Research Framework.  
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comparison to measuring biophysical indicators. This research is con-
cerned in covering the gap on ’social’ indicators, without neglecting its 
relationship to all the other indicators. However, we realise that with the 
specific focus on the social indicators in the literature the biophysical 
issues, for example, may be under-represented, but the concern here is 
on the systemic indicators for coastal zone management (and the 
perceived under-representation of social indicators within these sys-
temic indicators) and not with the state of the ecosystem. 

This revealed a total of 40 articles that attained these requirements 
and were thus subjected to a full review. The indicator categories, sub- 
categories and individual indicators were then pulled out of each of 
these articles and included into a large Excel database. 

For practical terms, we grouped the indicators under the following 
topics: “Biophysical”, “Economic”, “Socio-economic”, “Social”, “Built 
Environment”, “Systemic” and “Governance”. The grouping in this 
manner was based on approaches undertaken by other researchers, for 
example, Abdullaev et al. (2009). 

2.2. Eliciting indicators from stakeholders 

Two focus groups were held in Accra, Ghana, in March of 2019. 
Ghana is a suitable location for our enquiry as it fits perfectly within the 
empirical criteria we used to select the articles, i.e. Ghana is a coastal 
area in a developing country that is heavily affected by climate change 
impacts. Additionally, the first author has extensive work experience 
and a network of contacts in the country that facilitated bringing 
together local relevant stakeholders into a focus group setting. 

The focus group was chosen as a research technique as it employs “a 
guided, interactional discussion as a means of generating rich details of 
complex experiences and the reasoning behind [an individual’s] actions, 
beliefs, perceptions and attitudes” (Powell and Single, 1996: PP. 499). 
The interest for this research was in gathering the perceptions and 
knowledge from local stakeholders and ensuring that viewpoints could 
be exchanged between the quadruple helix stakeholders that ensures a 
wide range of opinions (Yun and Liu, 2019). This meant involving in-
dustry, academia, government and civil society from the coastal region 
in Ghana. 

We conducted two focus groups ensuring a manageable number of 
informed stakeholders in each session (8 and 5 participants respec-
tively). To ensure the representativeness of the informed stakeholder 
groupings the following criteria were used: (i) The stakeholders had to 
be from Ghana; (ii) The stakeholders had to belong to one of the 
following stakeholder groups: NGOs; Farmer Organisation; Youth 
Groups; Women Groups; Government Institution; Traditional Author-
ities and (iii) The stakeholders had to have a relation to coastal zones. 
Working together with a local umbrella organization we recruited the 
informed stakeholders. 

The stakeholders were tasked with providing their opinions on in-
dicators related to systemic (natural and human systems) for environ-
mental management in coastal areas in Ghana. The protocol for the 
Focus Groups outlined the main objectives and a set of guiding questions 
to help focus the discussions around the following objectives:  

1. To define a set of criteria in order to choose practical natural and 
human system indicator (sub)categories that show the overall health 
of the environmental system.  

2. To determine the needs and perspectives of indicators at local coastal 
areas in Ghana. 

To analyse the data from the focus groups the recorded conversations 
were transcribed verbatim and then coded using the software program 
MAXQDA (MAXQDA, 2020). MAXQDA provides functions especially 
adapted for qualitative data analysis of focus group data (Saillard, 
2011). Furthermore MAXQDA provides intuitive access to the focus 
group transcripts as well as to statements and contributions made by 
individual participants (Kuckartz and Rädiker, 2019). A code book was 

developed and imported into MAXQDA, which facilitated the coding of 
the transcripts grouping them according to the different types of in-
dicators and indicator categories. These codes were further grouped into 
social, socio-economic, economic, biophysical, systemic, governance 
and built environment. Grouping in this manner allowed for a com-
parison to be undertaken with the results from the literature analysis. 

2.3. Assessment of indicators 

The process described above yielded two sets of indicators for local 
coastal management, one set from the case studies in the scientific 
literature and the other from the stakeholders perspective that are 
currently facing the challenges of holistic coastal zone management in 
their local area. In order to assess and analyse these two sets, the in-
dicators were grouped into categories, sub-categories and lists of indi-
vidual indicators using a spreadsheet (Excel). Their comparison 
unveiled indicator categories absent in the existing literature. 

3. Results 

3.1. Literature insights of indicator themes and categories 

The content analysis, using Leximancer, of 1116 article abstracts 
from the original dataset (Fig. 2) revealed a number of interesting out-
comes. It shows that studies regarding coastal systemic management 
focusing on the term ‘indicator’ connects to six main themes. The most 
frequently mentioned theme was ‘ecosystem’ (4269 mentions or ‘hits’). 
Clearly, this shows that the literature related to systemic coastal zone 
management indicators accentuates the notion of ecosystem services, as 
well as ecosystem-based management approaches, assessments and 
frameworks with particular emphasis on marine and fisheries aspects. 

The following most common theme was ‘development’ (3699 hits) 
which has a strong link to the systems theme which in turn links to the 
management of ecosystems theme. The development theme further re-
lates to human, environmental, natural, ecological, social and economic 
themes, signaling a clear focus and connection in the literature for both 
human and natural systems in relation to coastal area development. 
Interestingly enough, the development sphere relates to the ‘changes’ 
sphere (3049 hits) through the terms ‘local’ and ‘impacts’, pointing to 
local coastal areas as a place of environmental and social change. 
Looking further into the ‘changes’ sphere, the terms ‘climate’, ‘com-
munity’ and ‘water quality’ point to relevant aspects in local coastal 
areas. 

‘Changes’ also relate to the ‘fishing’ sphere (1197 hits) through the 
term ‘results’. Therefore, a high number of case studies analyzing 
change, focus on fishing and show results using indicators. Interestingly, 
in the ‘fishing’ sphere the terms ‘time’ and ‘production’ are connected to 
‘indicators’ showing us the importance that the literature places on in-
dicators that reflect time spent fishing and the subsequent effects on fish 
production. 

The terms in the ‘forest’ sphere (262 hits), ‘forest’ and ‘land’, are 
both connected with the terms ‘areas’ (in the ‘change sphere’) and ‘in-
dicators’ (in the ecosystem sphere). This positions forest lands in coastal 
areas as places of ecosystemic change that the indicators seem to be 
monitoring. Meanwhile the ‘urban’ sphere (168 hits) is the least frequent 
in the literature, connecting with the term ‘regional’ (in the ‘develop-
ment’ sphere). 

Fig. 2 offers an insight into the topics that academic research has 
focused its interest on over the last ten years with regards to coastal 
systemic management and indicators. With the aim of advancing to-
wards a systemic approach, using indicators for environmental man-
agement in coastal areas, we selected the terms (as described in the 
methodology) according to the well-established indicator categories of: 
Social; Economic; Governance; Biophysical and Systemic (Li et al., 
2018) (Table 2). Admittedly, this categorization forces choices in some 
overlapping categories. However, this step was fundamental for 
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advancing to the next step: to provide a convergent focus for the full 
article review on articles that are related to the subject matter. 

Table 2 confirms, through the array of topics, that current research 
screened through content analysis concentrates on the biophysical as-
pects of coastal area management. Still, many terms fall under the sys-
temic category, where a number of holistic management frameworks 
and indicators are used to support environmental decision-making 
processes at local level (Loomis and Paterson, 2014; Werner et al., 
2014). The governance category did not reveal any other associated 
term and the economic category only revealed the associated term of 
‘economic’. 

Using the selection criteria described in the methodology yielded 40 
articles that were subjected to a full review. Indicators were extracted 
from each of these articles (with the particular focus on social in-
dicators) and classified according to the indicator categories presented 

in Table 2. Evident from the first full article review was that a further 
category of ‘built environment’ was required, and thus it was added to 
the classification framework. The grouping of indicators into the cate-
gory of “built environment” at coastal areas was based on the ap-
proaches from Buot and Dulce (2019), Tefe (2012) and Van Eijck et al. 
(2014). The category “built environment” considers the human-made 
environment, however at the coastal zones this indicator set does not 
take into account the urban context as this would be subject to an 
entirely different set of indicators. 

An extensive list of individual indicators was extracted for each main 
indicator category. Analogous indicators – the indicators that had 
similar features to each other and thus comparable – were grouped 
together. A frequency count of the times that analogous indicators were 
mentioned in an indicator category is visually represented in Fig. 3A. 

This revealed that Social was the indicator category with the highest 
frequency of related indicators (63% of all the listed indicators). Ex-
amples of social categories can be found in Choobchian et al. (2015), 
Dacks et al. (2018), Marín-Monroy and Ojeda-Ruiz de la Peña (2016) 
and Mollah (2016) that trace aspects such as togetherness; livelihoods; 
access to basic services; security; health and education levels. They all 
highlight the importance the analysed literature has placed on com-
munity indicators. 

The Biophysical category (14% of all the listed indicators) delivers a 
host of indicators from the analysed literature. They range from the 
specific (e.g., reduction of emissions of industrial sulphur dioxide (Meng 
and Chi, 2018) to the more general, for instance the Biodiveristy index 
(Rakhmanissazly et al., 2018) and the Coastal Hazard Wheel (Appelquist 
and Balstrøm, 2015)) highlighting the vastness of this area of investi-
gation and the need to specify locally relevant indicators. 

The Socio-Economic category followed in frequency, with 13% of 

Fig. 2. Graphic representation of main themes in the coastal management literature: (a) number of hits per theme; (b) relationship of the term ‘indicator’ with other 
terms. Source: Own elaboration using Leximancer. 

Table 2 
Indicator category and its associated terms as a base for the classification 
framework.  

Indicator 
category 

Associated words from Leximancer analysis 

Social Community; social; human; 
Economic Economic 
Governance – 
Biophysical Ecological; environment/environmental; fishing/fisheries, 

marine; water; species; land; urban; soil; natural; forest; 
biophysical 

Systemic Framework; spatial; model; sustainable; system; changes; 
ecosystem services; management; time; approach; regional; 
coastal; resources  
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all the listed indicators. Adger (1999); Tian et al. (2018); Buot and Dulce 
(2019) are examples of how socio-economic indicators can be used, i.e., 
in relation to coastal livelihoods and coastal economies; food provision; 
income stability and housing. Meanwhile, a host of authors (Clements, 
2009; Dannevig and Aall, 2015; Dogliotti et al., 2014; King et al., 2014; 
Thaler and Levin-Keitel, 2016) show the importance of the indicator 
’level of food autonomy’, highlighting the relevance of self-subsistence at 
community level in coastal areas in developing countries. 

The Built Environment (3% of all the listed indicators) from the 
analysed literature shows indicators related to aspects such as road 
infrastructure; water and light infrastructure; state of agricultural 
infrastructure (Buot and Dulce, 2019; Camill et al., 2012; Ghisellini 
et al., 2016; McCarter et al., 2018). These indicators highlight the 
relevance of essential structures to livelihoods at local level. 

The Economic indicator category (3% of all the listed indicators) 
focusses on the fishing and tourism sector, as could be expected at 
coastal regions. This entails indicators of fisheries household income 
(Miswar et al., 2018); fisheries contribution; market price of fish; income 
from fishing; share of catches per person (Choobchian et al., 2015; 
Kronen et al., 2010) and tourism and recreation income (Choobchian 
et al., 2015; Tian et al., 2018). Indicators in relationship to household 
economies also appear in the analysed literature: some examples include 
three or more income sources; savings ratio; ownership asset and 
household income as some examples from Kronen et al., (2010), 
Choobchian et al., (2015) and Dacks et al., (2018). 

Examples of indicators within the Governance category (3% of all 
the listed indicators) focus on institutional aspects: institutional stability 
(Mollah, 2016); environmental services of institutional ecosystems 
(Zaldívar-Jiménez et al., 2010); total sustainability of institutional 
criteria (Choobchian et al., 2015); fishing tools policy (Choobchian 
et al., 2015); land management policies (Roy et al., 2018) and protective 
areas including coastal protection and species protection (Tian et al., 
2018). This highlights the relevance the literature has placed on an in-
tegrated or holistic look at policies, but also the importance placed on 
the need for institutions to be stable and sustainable in developing 
countries. 

Finally, the Systemic category of indicators (1% of all the listed 
indicators) from the analysed literature was the least featured. Examples 
include: cooperative’s roles; total sustainability of coastal management 
criteria, as well as indicators related to frameworks (e.g., Energy Sys-
tems Theory (EST) and Emergy Analysis (EA)) (Berrios et al., 2017). Also 
within the systemic category we found indicators of central tendency 
and dispersion measurement (Bandoc et al., 2014), ecosystem approach 
(Engler, 2015) and Community Based Management (Borges et al., 2017; 
Boyd and Charles, 2006; Courtney and White, 2000; Lawson et al., 2010; 
Pomeroy et al., 1997; Sherman, 2014). These indicators provide a 
relation to theories, approaches, analysis or management models which 

highlight the complexity of implementation in practical terms. 
The analysed literature thus reveals a variety of entry points to better 

portray the processes involved in the management of coastal regions, 
with a focus away from developed countries according to the OCED 
definition (United Nations, 2005). We acknowledge the diversity of the 
so-called “developing countries” that could be divided into several sub- 
categories, from least developed, transition to emergent economies. We 
have further addressed this point in the discussion. 

3.2. Indicators from the bottom up 

The perspective from the local level stakeholders provides an insight 
into the potential indicators that are relevant to monitor and control the 
natural and human systems at local coastal areas. The coding of the 
transcripts from the focus groups thus disclosed a greater need for 
governance, systemic and economic indicators at local level in Ghana 
than those that have emerged from the literature review. The coded 
categories are represented in Fig. 3B. Biophysical (26% of all the coded 
indicators) and Governance (25% of all the coded indicators) were the 
categories with the most frequently mentioned indicators by the local 
quadruple helix stakeholders. These were followed by the categories 
Systemic (16%), Socio-Economic (7%), Built Environment (8%), Eco-
nomic (9%) and Social (9%). 

Diving deeper into the sub-codes mentioned within each category, 
the analysis disclosed 35 sub-categories of indicators Fig. 4. Within the 
category ‘Built Environment’ Climate Affected Structures was the most 
frequently mentioned item by the focus group participants (6,19% of all 
the listed sub categories). A participant from the Fisheries Commission 
gave insight into the reason for this: “along the coast it [climate change] 
affects a lot of infrastructure houses and things in my community. A lot of 
houses have been destroyed.” 

Within the Biophysical category ‘changing rainfall pattern’ was most 
frequently mentioned with 5.15% of the total mentioned items. “About 
the rain, we also have periodic drought, for example, in the first rain the 
farmer thinks ‘ok let me start preparing for farming’ and then all of a sudden 
the rain breaks so there are alternating issues of drought and flooding”, 
comments a local private company participant. 

Community Associations (5.15% of the total mentioned items) were 
most frequently mentioned within the category Governance. A partici-
pant from the Fisheries Commission provides insight into the reason for 
this by talking about equipment for fishing: “two or three of them [fish-
ermen] should come together [cooperatives] and have a stronger vessel to 
work with”. 

Within the Economic category the most frequently mentioned sub- 
category was ‘climate affected incomes’. A participant from a farmer 
association explains why: “I have 5 acres of land. I’m not getting the same 
harvest as before as a result of the climate and the weather. Last year there 

Fig. 3. Frequency of indicators mentioned in the literature (A) and those mentioned in the field data (B).  
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were no crops and the mango it doesn’t bear fruit; this has affected my 
income” 

Education (4.12% of the total mentioned items) was the most 
frequently mentioned sub-category within the Socio-Economic category. 
The same participant from the farmer association gives insight into this: 
“Until the government changes the policy that at a certain age children should 
be made to go to school and shouldn’t be seen loitering around the villages - 
because school is better, its free - but until that policy is made, we will have 
trouble with the children in the villages as the elders and leaders cannot force 
them to go to school”. 

Within the Systemic category both with 4.12% of the total mentioned 
categories are the sub-categories of ‘holistic fisheries management’ and 
‘information exchange’. On the topic of holistic fisheries management a 
participant from a company supporting farmer associations explains: “… 
so we asked the oyster fishermen what they wanted to do, and they said that 
they wanted to have greater income. So, of course, what we did is we put that 
into a holistic management context with measures to show where it fits. So we 
don’t want to harvest more, we want to add value to the little harvest they 
have. For example, if I am harvesting three but I am getting the same income 
level that I was getting [when I was harvesting two], there is no motivation 
to go in to harvest more. We help them to understand this”. The need for a 
sub-category of Information Exchange becomes apparent in the words of 
a participant from the Peasant Famers Association of Ghana: “…for 
example, if the farmers have issues with chemical fertilizers, this is an issue 

that they can speak out on at the district level”. 
Under the Social category the sub-category of ‘Social Information 

Exchange’ had the highest frequency of mentions with 3.09% of the total 
sub-category mentions. “It depends on what you want to communicate. In 
the oyster community, most of the community do not read or write. Then you 
need to be careful with the kind of information that you share - you should 
have some positive communication as opposed to negative communication, 
instead of showing pictures of “don’t do this” show pictures of “do, do this”, 
stated by a participant from the private company. 

Other than the frequency of times a sub-category is mentioned it is 
important to observe their interaction, as it can signal groupings of in-
dicators of that are of interest for management or monitoring. Fig. 5 
shows the sub-categories mentioned together and their the frequency of 
times mentioned (the number in brackets). 

The code map (Fig. 5) is developed through the multidimensional 
scaling method (Bazeley, 2009) which is used to position the codes on 
the map given the distances between them. The intersections of the 
codes are placed in accordance with the number of times two codes have 
been assigned to a segment together. In this case our interest was to 
know which codes intersected (co-occurred) in a segment of the tran-
scripts from both focus groups. This allows us to know which indicators 
could potentially be correlated together allowing for indicators to be 
handled together, either in terms of joint measure or for selecting one as 
a signal for a cluster. 

Fig. 4. Categories and their sub categories of indicators from the focus groups, with the percentage of mentions of a sub-category in relation to every other 
sub-category. 

Fig. 5. Clustering of the co-occurrence of codes mentioned from both focus group transcriptions. *The code colours match those of the indicator categories in Fig. 3.  
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The code map can be clustered into three clusters of codes (i.e. in-
dicators) that have intersected in the transcripts. In intersected codes 
cluster 1, Systemic Holistic Fisheries management was central to Economic 
Information Exchange and Socio-Economic Income from farming. This is 
evident from the reflection from a social advocate participant who 
mentioned: “one of the other things that is affecting the local fishermen is the 
lack of technology or the lack of understanding of the devices to detect the 
weather patterns. For instance, the fishermen are already set to go out fishing 
but all of a sudden there is a heavy wind from the sea. So that has disrupted 
their activities for the day […] What is clear is that they do not have access to 
this information that can help them to plan ahead and thus they have lost out 
on their economic activities of that day. I believe that if the fishermen are 
equipped with these modern technologies, communications and devices they 
will know the effects the weather will have on their activities and this will also 
help them to plan better.” 

From cluster 2, participants from the focus groups highlighted the 
relationship between the following indicators: Climate Affected Structures 
(Built Environment), Forced Climate Migrations (Social), Ability to go to 
School (Social) and Education (Socio-economic), indicating that the one 
affects the other. The intersection of these codes is evident from the 
reflection from an education youth group participant that mentioned: “I 
would like to touch on education and coastal communities as climate change 
has already affected the infrastructure by destroying some local schools. 
Students have then not been able to go to school in their community and they 
have to travel quite a distance to another community to go to the school 
there”. 

Within cluster 3, unsurprisingly, water quantity co-occurred with 
water quality. A representative from a local development consultancy 
stated “along the coast there is some fresh patch of water on top of the salt 
water. But with climate change, now that level of freshwater is being infil-
trated by the salt. This creates a combination of things. […] Normally if it 
rains then the aquifer is recharged, but with the lack of rain, we now have 

more of the brine water coming up, so it affects the soil quality. Furthermore, 
within this cluster, holistic community management co-occurred with 
Environmental Information Exchange. A social advocate participant, 
after listing several types of climate and market-related information and 
services provided to farmers and communities, he reasoned: “…what I 
think ESOKO [Digital Solutions for Agriculture and Data Collection] 
needs to do is to add more environmental information about the coastal area 
as well as economic information and social information and they would need 
to provide this information in the local dialects in order to solve the high social 
needs of those places…” 

3.3. Contrasting the literature and field indicator categories 

The two components of Fig. 3 described individually in the sections 
above can be now compared side by side. We note that the social cate-
gory (Fig. 3A) has the greatest representation meanwhile the systemic 
category was the least represented from the analysed literature. Mean-
while, the analysis of the data from the focus group participants (field 
data) reveals an even spread between the indicator categories, with 
systemic proving to be the category the participants showed slightly 
more importance towards. Here we note the relevance of bottom-up vs a 
top-down approaches where a significantly higher importance was 
placed on the social category from the field data than the top-down 
literature analysis (a frequency of 63% and 15% respectively). 

The difference between the perspectives of academic research and 
local stakeholders creates a valuable opportunity to assess the state and 
prospects of indicators for systemic coastal area management. In this 
respect, Fig. 6 offers a visual representation of the subcategories of 
coastal zone indicators by combining insights from the literature and 
from the field data. This visual representation aims at reinforcing the 
range of indicators included in coastal indicator frameworks, in order for 
the natural and human systems to be taken into account together. 

Fig. 6. Homogenised literature and field sub-category coastal zone indicators.  
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We created a classification system that sorts the indicators into five 
situations according to their saliency in both the literature and in the 
field. A colour code qualifies each situation. With 20 or more mentions 
of a certain sub-category in the literature and if that sub-category was 
mentioned (presence) in the focus groups, the sub-category was col-
oured green; if its salience in the literature was less frequent, between 1 
and 19 mentions, and was still mentioned (presence) in the focus groups, 
the subcategory was then coloured light green. If, however it appears in 
the literature but was absent in the field, it was coloured light yellow 
(when it is abundantly mentioned in the literature, with at least 20 
mentions) or orange (when it is less mentioned in the literature, with 19 
mentions or less). If there was no mention of the sub-category from the 
literature but there was a mention of it (presence) in the field data, it was 
coloured red. 

Therefore, Fig. 6 helps us to distinguish three different scenarios in 
terms of the indicators for systemic coastal area management. The first 
scenario is a co-occurrence of the literature analysis with the identified 
needs from local coastal stakeholders. There is a total of 14 analogous 
indicator subcategories that were mentioned in both the literature and 
the focus groups, across all the indicator categories (see examples in 
Table 3). These could be the first candidates towards an expansion of the 
current existing frameworks vis-à-vis becoming more encompassing of 
the aspects beyond just the biophysical or social elements currently 
focussed on in the literature. 

The second scenario is where we have the sub-categories mentioned 
in the literature but not mentioned at the local Ghanaian level. In this 
case, there are 12 sub-categories that have emerged from the literature 
that at local level, in Ghana, were not considered by the stakeholders. 
This outcome is crucial as it shows us that a first approximation to the 
local stakeholders needs to be undertaken to know what is important to 
be considered in each local coastal community. In other words, armed 
with a full set of sub-categories, a researcher can approach a local 
community to discover from the sub-categories which have relevance for 
them to measure and monitor in terms of their local coastal management 
of the natural and human system needs. The differences in the types of 
sub-categories mentioned in the literature also reveals the encompassing 
nature of the literature case study data. A number of categories from the 
literature expose the types of indicators that could potentially be more 
commonly used in least developed, transition and emergent countries 
than in Ghana. For instance, coastal infrastructures indicators may not 
emerge from the local stakeholders in Ghana as infrastructure is not seen 
as an issue that may be a more significant issue in other developing 
countries. Table 4 provides the sub-categories mentioned from the 
literature that did not have any mentions from the field data, with some 
examples. 

The third scenario is where the local Ghanaian coastal stakeholders 
have mentioned sub-categories of indicators that were not uncovered in 
the 40 articles that were subjected to a full literature review. This case 
shows us that although a researcher may believe to have uncovered all 

the potential indicator categories from the literature and the current 
indictor frameworks, there may still be potential indicators that need to 
be taken into account from a local perspective – at least from the evi-
dence obtained from the case study in Ghana. In this sense, it reiterates 
the need to have indicators that encompass a wide range of aspects but 
that ultimately take the local level needs into account. Table 5 provides 
the sub-categories that were mentioned from the field data but that did 
not have any mentions from the literature. 

4. Discussion 

Climate change impacts are currently referred to as a climate crisis 
(Brugger and Crimmins, 2015; Hoppe et al., 2013; Navarro, 2018). Some 
countries across the globe are better prepared than others to cope with 
the impending climate change impacts. For instance, Bangladesh is 
purported to be one of the most vulnerable countries to climate change 
in the world (Minar et al., 2013), however it is better prepared than most 
developed countries in terms of adaptation and mitigation measures. As 
in Bangladesh, West Africa - specifically Ghana - is going to be one of the 
more climate vulnerable developing countries affected by coastal zone 
impacts (Sylla et al., 2016), this determined our choice of empirical 
reference. Our analysis provides a fined-grained identification of in-
dicators from the literature and from the field that are relevant for the 
management of coastal areas of developing countries that are highly 
vulnerable and/or that are currently affected by climate change (and 
extreme weather) impacts. 

While negative impacts will manifest on the biophysical and built 
environments, it is society that will bear the brunt of these impacts 
(Adger et al., 2005; Azhoni et al., 2018; Clements, 2009; Odemerho, 
2015; Rasul and Sharma, 2016). Our results mirror the idea that the way 
in which different shorelines and marine environments are managed, 
and what they are managed for, should be a reflection of what society 
wants from those environments (Loomis and Paterson (2014). There-
fore, the measurement and monitoring of climate change effects and 
coastal management should include not only the natural systems but the 
human systems as well. 

Thus, it is important that the integration between the natural and 
human systems relies not only on the scientific advancement in this field 
but the practical implementation thereof. Therefore, screening the 
literature to identify the academic advancement, has been an important 
element of this research, however, the contrast with local stakeholder 
needs is vital to ensure that the entire process of developing a systemic 
framework is not only guided by the theoretical approaches that would 
have difficulty to be implemented. 

Unsurprisingly 83% of all the indicators identified in the literature 
and 70% of the indicators identified in the field refer to domains outside 
the physical environments and thus emphasizes this human dimension. 

Accordingly, we contribute to the idea that a holistic set of indicators 
at coastal regions with a focus on the local level is well-suited to aid 

Table 3 
Combined mentions in the literature and field data of the indicator sub-categories with examples of locally (Ghana) defined indicators.  

Category Sub-Category Indicator example (from the Ghana focus groups) 

Social Community Togetherness Number of associations that are present in the community 
Communication Number of information exchange events (meetings, presentations etc) held in the community. 
Community Education Number of children that have the ability to go to school. 

Socio-economic Community livelihood What is the trend in the economic spending power 
Systemic Management Is there a community-based management plan in place? 
Governance Cooperatives Do cooperatives exist at local level (fishing, canoe sharing etc.?) 

Control Are closed fishing seasons implemented? 
Policies Do policies exist against beach sand mining? 

Economic Income Number of community members that are changing their principle income stream 
Built Environment Infrastructure Number of infrastructures destroyed by climatic events over the last 10 years and the number rebuilt since. 
Biophysical Climatic Conditions Rainfall patterns over the last 10 years. 

Water Changes in the lagoon salinity levels. 
Pollution Tons of plastic present in the lagoon in 1 year 
Fishing Change in fish sizes and in fish catch  
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decision makers. The choice of the right indicators expands their in-
formation base on what society wants and how to protect society from 
climate change impacts. 

A recently implemented CHW framework in West Africa as part of a 
UNIDO funded and CTCN managed project highlighted some of the 
shortcomings of the CHW framework (CTCN, 2017). The report high-
lights that even at its first evaluation phase, the CHW would benefit 
greatly from having a set of rapid social, economic and systemic as-
sessments, with the possibility to expand the list of potential manage-
ment options of the CHW to include governance or political 
implications. 

A combination of literature and local stakeholder-based sub-category 
indicators - obtained from Ghana - has allowed us to define three sce-
narios for uncovering indicator sub-categories that could be included as 
part of the current set of measuring and monitoring indicators for nat-
ural and human systems at local coastal areas. The first scenario (a co- 
occurrence of the literature analysis with the identified needs from 
local Ghanaian coastal stakeholders) is the one we promote to be 
incorporated into the current coastal indicator monitoring frameworks 
(for example by upgrading the CHW – the framework advocated for use 
in developing country contexts). This could be by including for instance 
the sub-category “Community Togetherness” by measuring the number 
of associations that are present in the community. 

The other two scenarios (scenario 2: sub-categories mentioned in 

the literature but not mentioned at the local level and scenario 3: local 
Ghanaian coastal stakeholders mentioned sub-categories of indicators 
that were not mentioned in the literature) offer insights in terms of 
implementation, rather than on expanding current indicator frame-
works. These last two scenarios imply that coastal management indi-
cator frameworks should be adapted to each local situation. They show 
us that coastal zone indicator frameworks uncovered in the literature 
need to be adapted to the natural and human systems at local coastal 
areas. 

5. Conclusion 

This paper has detailed the process of discerning, accessing and 
analysing a complex set of indicator data that has exposed indicator 
categories and sub-categories. The paper has furthermore contrasted 
these results with the perceptions and needs of the local quadruple helix 
stakeholders from the coastal areas in Ghana. Finally, a set of sub- 
categories has been proposed to be included within the current moni-
toring/hazard assessment frameworks that combines the natural and 
human systems. 

Literature analysis is no substitute to local assessments and the 
subsequent understanding of local conditions. Then again, local assess-
ments are no substitute to a literature analysis. This is no more evident 
than shown in our results where the literature focusses predominantly 
on social sub-categories of indicators, meanwhile at the local level there 
is a greater integration of these natural and human systems. The unique 
contribution of this paper is the combination of literature and 
stakeholder-based indicator sub-categories that should be added to the 
current set of coastal monitoring frameworks - such as the Coastal 
Hazard Wheel - to ensure that the natural and human systems are 
considered holistically. In other words, our methodological process of 
combining both a top-down (literature) and bottom-up (local Ghanaian 
coastal stakeholders) indicator identification has provided the platform 
for the inclusion of local expert knowledge based on internationally 
accepted indicators for coastal zone management. This insight provides 
a salient call to field analysts and the donors or policy makers that 
commission the work to take into account the value of local experts and 
local knowledge when devising the natural and human system indicators 
for coastal zone management. 

Researchers at coastal zones should continually drive to be multi-
disciplinary, focusing on the interconnectedness and the knock-on ef-
fects of one system on another. An observation from one of the 
participants of the focus groups provides the reasoning for this, where 
she described how an extreme storm destroyed a local school. This 
resulted in the children no longer able to go to that school meanwhile, 
those that could, had to travel to the next village to attend school. All 
participants seemed to have a similar experience to this one as this 
observation was backed up with anecdotes of how those children that 
could no longer attend school spent their days loitering around the 
villages, some turning to crime. From these statements, there is no 
clearer evidence of how the natural system has impacted the human 

Table 4 
Sub-categories from the literature not mentioned in the field data.  

Category Sub-Category Indicator example 

Social General Community Demographic 
Information  

- percentage of population below 6 years of age  
- percentage of dependent population Mollah (2016) 

Community Access to basic services  - percentage of community access to health services Nemes (2005)  
- percentage of community that has access to water Alamarah Tamimi et al. (2007), Biedenweg et al. (2017), Dondeynaz 

et al. (2012) 
Community Knowledge Utilization of local knowledge on resource management Biedenweg et al. (2017), Miswar et al. (2018) 
Community Security Number of homes and farms located in areas of floods or landslides Dondeynaz et al. (2012), Hove et al. (2016) 
Community Health body mass index/Human Development Index Biedenweg et al. (2017), Ghisellini et al., 2016; Kwasi et al., 2011) 

Socio- 
Economic 

Household Livelihood Number of families with credit support and insurance Buot and Dulce (2019), Matzdorf et al. (2014), Rakhmanissazly 
et al. (2018) 

Systemic Institutional Total sustainability of institutional criteria Choobchian et al. (2015)  

Table 5 
Sub-categories from the field data not mentioned in the literature.  

Category Sub-Category Indicator example (from the Ghana focus 
groups) 

Social Adaptation Number of adaptive measures that have been 
brought in that affect the community (i.e. after a 
school was destroyed by a storm, the kids stayed 
at home). 

Systemic Information Full systemic information available to farmers / 
Farmer access to information regarding the 
systemic management of the local area / Is 
information available to be used by farmers? Eg. 
smartphones, climate data, fishing data etc. 

Technology Do fishermen have access to technologies that can 
allow them to manage all their fishing aspects in 
an integrated manner (for e.g. weather devices, 
radios, communication technology etc.) 

Economic Income Number of community members changing 
economic activities (i.e. from fishing to farming) 
/ Changes in rain fed crops to irrigated crops 

Built 
Environment 

Adaptation Number of recent changes made to the built 
environment in response to climate change 
impacts that improve the community livelihood 

Mitigation Number of well-developed landing beaches in the 
local fishing community that can support larger 
vessels 

Biophysical Ocean 
Temperature 

Changes in sea water temperature 

Soil Changes in soil salinity  
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system and the very reason why both systems need to be measured and 
monitored and included in the current coastal frameworks that are 
devoid of these combined indicators. 

To build in these sub-categories into the frameworks currently 
available we propound to focus further research on integrating the 
human and natural system indicators prioritised from a stakeholder base 
of data that is easily obtainable. Furthermore, there is a strong need to 
investigate the concept of weighting or indeed non-weighted indicators 
and subcategories in function of their importance. Finally, we propose 
that further work needs to take place in the visualisation of the collected 
indicator information to provide managers with stronger coastal zone 
management tools. 
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Griggs, D., Smith, M.S., Rockström, J., Öhman, M.C., Gaffney, O., Glaser, G., Kanie, N., 
Noble, I., Steffen, W., Shyamsundar, P., 2014. An integrated framework for 
sustainable development goals. Ecol, Soc, p. 19. 

Hoppe, R., Wesselink, A., Cairns, R., 2013. Lost in the problem: The role of boundary 
organisations in the governance of climate change. Wiley Interdiscip. Rev. Clim. 
Chang. 4, 283–300. https://doi.org/10.1002/wcc.225. 

Hove, T., Derman, B., Manzungu, E., 2016. Land, farming and IWRM: A case study of the 
middle Manyame sub-catchment. Water Altern. 9, 531–548. 

D.J. Smith and B. Rodríguez-Labajos                                                                                                                                                                                                       

https://doi.org/10.1080/02508060902843710
https://doi.org/10.1080/02508060902843710
https://doi.org/10.1080/00220389908422593
https://doi.org/10.1016/j.gloenvcha.2004.12.002
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0025
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0025
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0025
https://doi.org/10.1016/j.jenvman.2014.12.017
https://doi.org/10.1007/s11852-012-0218-z
https://doi.org/10.1007/s11852-012-0218-z
https://doi.org/10.1016/j.crm.2014.06.002
https://doi.org/10.1007/s11852-015-0379-7
https://doi.org/10.1016/j.jhydrol.2018.02.047
https://doi.org/10.1016/j.jhydrol.2018.02.047
https://doi.org/10.1016/j.ecolecon.2006.09.019
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0055
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0055
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0060
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0060
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0060
https://doi.org/10.1016/J.OCECOAMAN.2015.06.004
https://doi.org/10.1016/J.OCECOAMAN.2015.06.004
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0075
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0075
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0075
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0080
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0080
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0080
https://doi.org/10.5751/ES-09424-220311
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0090
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0090
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0090
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0095
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0095
https://doi.org/10.1109/CEC.2011.5949892
https://doi.org/10.14456/ea.2012.23
https://doi.org/10.14456/ea.2012.23
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0115
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0115
https://doi.org/10.1007/s13412-011-0056-6
https://doi.org/10.1007/s13412-011-0056-6
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0125
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0125
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0125
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0130
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0130
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0140
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0140
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0145
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0145
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0145
https://doi.org/10.5751/ES-09989-230137
https://doi.org/10.1016/j.envsci.2015.07.001
https://doi.org/10.1016/j.agsy.2013.02.009
https://doi.org/10.5194/hess-16-3791-2012
https://doi.org/10.5194/hess-16-3791-2012
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0180
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0180
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0180
https://doi.org/10.1016/j.envsci.2008.10.007
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0190
https://doi.org/10.1016/j.jclepro.2015.09.007
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0205
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0205
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0205
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0215
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0215
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0215
https://doi.org/10.1002/wcc.225
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0225
http://refhub.elsevier.com/S1470-160X(21)00192-8/h0225


Ecological Indicators 125 (2021) 107527

12

Howe, C., Suich, H., Vira, B., Mace, G.M., 2014. Creating win-wins from trade-offs? 
Ecosystem services for human well-being: A meta-analysis of ecosystem service 
trade-offs and synergies in the real world. Glob. Environ. Chang. 28, 263–275. 
https://doi.org/10.1016/j.gloenvcha.2014.07.005. 

Inácio, M., Schernewski, G., Nazemtseva, Y., Baltranaitė, E., Friedland, R., Benz, J., 2018. 
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