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ABSTRACT: Decision support for island management must be based on quantitative tools able 
to integrate the natural, economic, and social environment, including the effects of recent climate 
change. In this context, a decision support framework is proposed, characterized by generality 
and flexibility, to be adapted to the specific characteristics of each island. The framework includes: 
(a) compilation of existing information and organization in a DPSIR framework; (b) selection of 
the main economic activities; (c) calculation of environmental, economic, and social indicators 
through models; (d) development of scenarios for future evolution; and (e) ranking for their 
preferability using a multicriteria methodology. Scenario development and weighting of 
indicators and criteria can be based on stakeholders’ and public views collected through 
questionnaires. The proposed framework is applied to a ‘typical’ fictitious Mediterranean island 
where tourism, services, and low-rate agriculture are the main economic activities. Mid- and 
long-term (including climate change) scenario analyses are performed as an exercise with three 
scenarios expressing different policies in terms of economic and environmental priorities. 
Advantages and limitations of the proposed framework for real-world applications are discussed. 
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Introduction 
 

Islands are complex dynamic systems with clear physical boundaries (Petridis, 2012; Stratford, 
2008) and strongly interacting natural, social, and economic components. They are 
characterized by fragility and vulnerability (Hay, 2013; Stratford, 2008), considering all aspects 
of their environment. Sustainable growth and integrated management of coastal zones and 
islands received the attention of many researchers worldwide. Initially research was focused 
on conservation and management of natural resources aiming to protect local or national 
economies (e.g., Farhan & Lim, 2010; Krelling et al., 2008; Nadin et al., 2008; Stepanova, 
2015). Τhe intensive growth of tourism and recreational activities during the recent decades 
(Christofakis et al., 2009; Ghermandi, 2015) also imposed the need to preserve tourist 
destinations, and protect cultural heritage and quality of life. For European islands in 
particular, integrated management has been attempted, for example, in the Canary Islands 
(Banos-Gonzalez et al., 2015, 2016a, 2016b) and some Greek islands (Spilanis et al., 2009; 
Petridis, 2012). Various models were used to identify and calculate interactions between 
sustainability indicators and causal factors. The goals were to ensure a sustainable future with 
public participation and to achieve different levels of implementation based on local or 
national approaches, along with system understanding and support of decision-making. 
Although all these approaches use a common strategy, the tools are different and not generally 
applicable. Most of them are case-specific, focused on individual characteristics of islands, 
therefore not flexible and adaptive enough to be generally implemented (de Kok et al., 2015). 

Integrated management is considered as an adaptive process with separated phases, such 
as problem identification, formulation, implementation, and evaluation (Farhan & Lim, 2010; 
Perez-Cayeiro & Chica-Ruiz, 2015). Selection of the appropriate indicators advances the 
effectiveness of implementation at each phase and supports the quantification and 
simplification of information that is not always apparent (Bowen & Riley, 2003). Indicators 
must have certain characteristics, among which they must (a) supply understandable 
information to decision-makers; (b) measure the progress in terms of a target; (c) indicate 
trends in space and time; and (d) be generally applicable and conform with available thresholds 
and regulations (Pickaver et al., 2004). Integration of such indicators into dynamic models 
allows the visualization of their change over time and the assessment of how any variation in 
one indicator may lead to a series of responses on other indicators, showing in this sense the 
ongoing changes in the processes they represent (Moldan et al., 2012). Moreover, the models 
facilitate the recognition of interactions among interconnected subsystems driving the 
behaviour of dynamic systems, by means of causal relationships, feedback loops, delays, and 
other processes (Banos-González et al., 2015). Dynamic models also represent useful learning 
tools that enhance system understanding and facilitate involvement of non-technical 
stakeholders in the decision-making process, a key issue in integrated management (Deboudt, 
2012; Le Gentil & Mongruel, 2015; Perez-Cayeiro & Chica-Ruiz, 2015; Soriani et al., 2015; 
Stojanovic et al., 2004).  

Decision Support Systems (DSS) are tools able to assist, facilitate, and support decision-
making (Farhan & Lim, 2010), coping with multiple aims and incorporating quality and 
development indicators. They must also take into account local carrying capacities, meet the 
flexibility and complexity of dynamic systems, conduct multicriteria analysis, and integrate 
multidisciplinary approaches (Farhan & Lim, 2010). In this sense, they may form the 
appropriate tools for supporting policies in evolving environments (Marotta et al., 2011) such 
as islands or coastal zones. Although the implementation of those policies strongly depends on 
the administrative status of islands since final decisions are not always taken locally, DSS form 
the most appropriate consultation tools to impose guidelines for a sustainable future and 
support mid- and long-term decision’s depiction (Van Kouwen et al., 2008; Varghese et al., 
2008). Long-term planning is especially important when mid-term decisions have long-term 
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consequences, making it possible to visualize key issues that may otherwise be missed. The use 
of dynamic models inside DSS allows decision-makers to anticipate the long-term 
consequences of their decisions and actions, as well as the unintended consequences and 
uncertainty of policies and strategies (Kelly et al., 2013). For this purpose, scenario 
development, including policy options, is one of the major tools used to visualize and compare 
the potential outcomes of a variety of policies to meet sustainability objectives, as well as to 
anticipate the long-term consequences of scenarios, policy decisions, and actions (Banos-
González et al., 2016a). 

Islands as fragile socioeconomic systems are expected to be more vulnerable to recent 
climate changes, mostly associated with changes in air temperature and precipitation. In 
Integrated Coastal Zone Management (ICZM), climate change has been already identified as 
one of the main priorities (Farhan & Lim, 2010), considering that it will affect population 
growth, is likely to reduce per capita water resources (Kostopoulou et al., 2014), change 
energy consumption and human comfort (Kostopoulou & Jones, 2005), and, finally, increase 
loss of human lives (Kostopoulou & Jones, 2005). In the Mediterranean region, in particular, 
air temperature shows a significant increase, whereas precipitation decreases, showing seasonal 
differentiation (Brunetti et al., 2004; de Luis et al., 2010; Giannakopoulos et al., 2011; 
Kostopoulou & Jones, 2005; Kostopoulou et al., 2014; Spyropoulou et al., 2013). As a result, 
there is an increased probability of extremely warm days and significant trends in the 
maximum number of consecutive dry days (Kostopoulou & Jones, 2005; Kostopoulou et al., 
2014) with direct impacts on the economy. For instance, extremely high temperatures will 
affect tourism and agriculture, the two main economic activities for coastal zones and islands 
in the Mediterranean Basin (Giannakopoulos et al., 2011; Kostopoulou & Jones, 2005), finally 
leading to economic losses and immigration (de Luis et al., 2010).  

In the present paper a framework for decision support in islands’ management is 
introduced, approaching islands as complex dynamic systems. The framework includes: (a) 
compilation of the existing information for the physical, social, and economic environment 
of an island, including climate trend analysis; (b) identification of the main system drivers 
using the DPSIR framework; (c) selection of an appropriate set of sustainability indicators; 
(d) development of models quantifying relations, interactions, and feedback mechanisms; (e) 
development of scenarios and policy options for mid- and long-term forecasting; (f) 
application of multicriteria analysis where stakeholders’ views and political and social priorities 
may be accounted for. This framework is general for wide applicability, however flexible 
enough to include distinct characteristics of the physical, socioeconomic, or cultural 
environment of an island. The proposed framework is applied as an exercise on a ‘typical’ 
Mediterranean island and (a) the current state of the island is depicted; (b) a mid-term (10 
years) scenario analysis is performed; (c) effects of climate change are considered by comparing 
the current state and a typical year in the future (long-term scenario analysis); and (d) a 
multicriteria analysis is applied aiming to highlight points where political priorities, 
stakeholders’, and social views may be incorporated.   

 
Methodology 

 
Outline of the proposed framework 
The proposed framework for decision support in management of islands is based on a similar 
approach developed for Mediterranean coastal lagoons (Zaldivar et al., 2006). Following the 
perspectives emerging from the science of sustainability, in the current approach there are 
two interconnected but clearly distinctive components (Figure 1).  
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Figure 1: Flow diagram of the proposed integrated framework for the management of islands: 
(a) assessment of current state and (b) development and ranking of scenarios for mid- and 
long-term analysis.   
 

The first component refers to the description of the system, using all necessary data and 
models. The second component (the DSS) refers to the selection of objectives, criteria, and 
valuation procedures to assess different scenarios and prioritize among policy options. This 
second component should be based on the knowledge provided by the first component 
(model results assessed in terms of indicators and thresholds) and on a wide involvement of 
stakeholders, policy-makers, and citizens, by means of a participatory process. In this sense 
the current state of the island under consideration is firstly depicted (Figure 1a). A database is 
compiled including information for the natural, economic, and social environment of the 
island. Based on this information, the main economic sectors are identified using the DPSIR 
(Drivers-Pressures-State-Impact-Response) framework and each sector is expressed through 
a characteristic variable Vi measuring the production capacity or the real production of the 
main activity. Models (simple linear relations or more complex models) based on those 
variables and appropriate coefficients are then used to estimate a number of indicators expressing 
the performance of each activity: economic, socio-demographic, and environmental. Then 
the total performance (the current State) of the whole system is assessed. There are two 
potential sources of uncertainty in the above calculations: (a) uncertainties in characteristic 
variables due to data collection methods from national statistical authorities; and (b) 
uncertainties in coefficients since they represent averages including variation due to differences 
in behaviour or practices within each activity (e.g., Erb et al., 2013). For the mid-term evolution 
of an island (e.g., for a decade), scenarios are developed by changing characteristic variables and 
coefficients (Figure 1b). Those changes may reflect local views of the public, stakeholders, or 
politicians, as well as external trends at the national or international level affecting the 
socioeconomic system of the island. Long-term analysis can also be performed by comparing 
the current state with a typical year in the future in which climate changes are incorporated 
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through a number of external variables Di. Those external variables can be changes in 
precipitation height and frequency, or rise in air temperature. A viability test is performed 
prior to the multicriteria evaluation aiming to reject scenarios that are not acceptable in terms 
of environmental protection or socioeconomic growth. Ranking of viable scenarios from the 
most to the least preferable is then carried out to support decision-making, using a multicriteria 
choice methodology. Agents, institutional or local, are involved in the multicriteria analysis 
through the assignment of weights. A prototype of the proposed framework for integrated 
management of islands has been developed in R code (R Core Team, 2013). 
 
Implementation in a ‘typical’ Mediterranean island 
The above described framework is implemented in a ‘typical’ fictitious Mediterranean island 
with a population of about 30,000 inhabitants and an area of 500 km2. The economy of most 
of those islands is based on tourism (Banos-Gonzalez et al., 2015, 2016a; Petridis, 2012; 
Spilanis et al., 2009), but also on low rate agricultural, stock-breeding, fisheries and industrial 
activities (Spilanis et al., 2009; Petridis, 2012). Since services including administration, education, 
health care, energy and water supply, and solid waste treatment have to be provided to each 
island on its own due to transport limitations (Spilanis et al., 2013), the services’ sector 
engrosses a large number of employees and largely contributes to the local economy.  

Trying to resolve interactions, conflicts, and feedback mechanisms in the environment 
of the island (natural, economic, and social), the DPSIR (Drivers-Pressures-State-Impact-
Response) framework is applied. The economic activities on the island are considered as the 
main Drivers (D). Pressures (P) originate from those drivers, affecting natural resources (e.g., 
water, energy) and producing pollution and contamination, which in turn alter the State (S) 
of natural resources. Accordingly, changes in state have positive or negative consequences 
which are defined, evaluated, and described as Impacts (I). Those impacts lead to Responses 
(R), undertaking of actions and policies coping with the effects on the natural and 
socioeconomic environment. For the typical island, the Drivers are the main economic 
sectors: (i) agriculture, (ii) stock-breeding, (iii) fisheries, (iv) industry, (v) tourism, (vi) 
construction, and (vii) services, each one expressed through a characteristic variable Vi (Table 
1). Each sector can be further divided into subsectors aiming to increase the resolution of the 
model. For example, fisheries, aquaculture, and shellfish harvesting can be the subsectors for 
fisheries and olive refineries, milk dairies and wineries, the subsectors for industry in a 
Mediterranean island. 
 
Table 1: Main economic sectors (Drivers) and their corresponding characteristic variable for 
the ‘typical’ Mediterranean island. 
 

 Economic Sectors Characteristic variables (Vi) 
 Agriculture  Cultivated area 

 Stock-breeding  Number of animals 
 Fisheries  Catch 
 Industry  Raw material 
 Tourism  Nights spent 

 Construction  Number of employees 
 Services  Number of employees 

 
Economic activities consume water and energy, produce solid wastes and pollution 

(e.g., N and P loading, CO2), and cause biodiversity loss in the island. The state of the island 
is affected, population can be increased or decreased, per capita income and employment 
changed; land use also changes and there are alterations in the quality of agricultural, fishing, 
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and industrial products. Those effects are expressed through a number of environmental and 
socioeconomic indicators. In the current implementation, ten indicators were used (Table 2). 
 
Table 2: Environmental, economic, and social indicators used in the current implementation 
of the integrated framework for the ‘typical’ island. HDI is a synthetic index based on 
unemployment rate, life expectancy, and poverty rate (or income per capita). 
              

Category Indicator 
Environmental Water consumption/water availability 

Energy consumption 
N loading 
P loading 

CO2 emissions 
Solid wastes 

Land use change/Biodiversity loss 
Economic Employment 

Income 
Social Human Development Index (HDI) 

 
Indicators are calculated for each sector or subsector based on its characteristic variable 

and appropriate coefficients, using models, either simple linear relations or more sophisticated 
dynamic models. As an example of simple linear relationships, water consumption can be 
calculated by multiplying cultivated area by the amount of water used for irrigation per unit 
area. Income from tourism can be estimated by multiplying nights spent by tourist 
expenditure. A more complex watershed model is used for the calculation of nitrogen and 
phosphorus loading from point and non-point sources, already described in detail in a 
previous paper (Spyropoulou et al., 2013). These loadings can be further used to estimate 
marine pollution or the risk to overcome related thresholds. The island is firstly divided into 
watersheds. The model estimates the amount of run-off and nutrients (dissolved inorganic 
nitrogen and phosphorus) leached from each watershed, after a rainfall event on a daily basis 
according to land uses and the local topography. Loads from point sources (industry, stock-
breeding, urban wastes) are also taken into account and the total amount of nitrogen and 
phosphorus or the amount flowing into the receiving water bodies is used as environmental 
indicator. Moreover, renewal time estimated from hydrodynamic models, or amount of erosion 
can be used as indicators in the proposed framework. The same holds for other socioeconomic 
indicators estimated by simple or more complex relationships. A detailed description of the 
model equations used in the current implementation is given in Appendix 1. The full set of 
indicators is finally used to depict the current state of the island under consideration.  

Scenarios are then developed for the future evolution of the island, either for mid- or 
long-term analysis. For mid-term analysis (e.g., one decade), three prospective scenarios of 
environmental and socioeconomic changes were deployed in the current implementation, 
their basic context already described in a previous paper (Kontogianni et al., 2007). The 
baseline or reference scenario (Business as Usual, BAU) is where prevailing trends are 
continued without special interventions. This trend is expressed for the ‘typical’ island 
through a slow rate of annual increase in economic activities, paying less attention to 
environmental protection. In the second scenario (Policy Targeted, PT), policies for a rather 
fast economic growth are encouraged, whereas environmental protection is also taken into 
account more actively. Finally, the Deep Green (DG) scenario is mostly focused on 
environmental protection and environmentally friendly economic growth. These scenarios 
are quantified in the models by changing, on an annual basis, either the characteristic variables 
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of each sector, or the coefficients, or both. For example in a PT scenario, cultivated area may 
increase aiming to economic growth (e.g., 0.5% per year); however, the amount of water 
used for irrigation can decrease (e.g., 0.2% annually) for environmental protection. This 
decrease may be more pronounced in a DG scenario.  

Direct and indirect mechanisms of dependence and feedback are also taken into account 
in the evolution of the island. For instance, industrial raw material originates from agricultural 
(e.g., olive oil and wine) or stock-breeding (e.g., milk) activities. Employment in the services 
sectors depends on the previous two-year trend in income, whereas population changes are 
connected with the trends of economic growth and social welfare (the latter expressed with 
HDI). More details about the dependencies and feedback mechanisms used in the current 
implementation are given in Appendix 2. Scenarios are then simulated for the mid-term 
analysis on an annual basis and the evolution of various indicators in time (e.g., for a decade) 
is estimated. Indicators can be integrated into three criteria―environmental, economic, and 
social―each one being a weighted sum of the corresponding indicators. For example, in the 
current implementation, the environmental criterion is a weighted sum with equal weights of all 
environmental indicators, and the same holds for the economic and social criteria. Thereafter, the 
evolution of each criterion in time is used for a qualitative comparison of scenarios. 

For the long-term analysis including climate change, scenarios are simulated for one 
typical year in the future. Climate changes can be easily incorporated in the models by, for 
example, reducing the height and frequency of rainfall or increasing air temperature. Single 
values are estimated for each indicator and scenario, and those values are compared with the 
corresponding indicators of the current state of the island. A similar comparison can also be 
made for criteria, as described in the previous paragraph. 

A viability test can be applied for both mid- and long-term analysis prior to the multicriteria 
evaluation. This test aims to identify scenarios that are not acceptable in terms of environmental 
protection or socio-economic growth. To perform the test, thresholds are set for each 
indicator expressing carrying capacities, legal standards, or reference values originating from 
the historical evolution of the island. Indicators that violate the limits are identified and the 
corresponding scenarios are considered as non-viable and rejected from further analysis.  

Finally, ranking of acceptable scenarios is performed by applying a multicriteria choice 
methodology. In the current implementation, Analytic Hierarchy Process (AHP) was used. 
AHP, originally developed by Saaty (1980), evaluates different alternatives (scenarios) based 
on pairwise comparisons of criteria, according to their importance. In this sense, a final score 
is attributed to each scenario, and scenarios are ranked from the most to the least preferable. 
This ranking is on an annual basis in the mid-term analysis, whereas for the long-term analysis 
ranking is based on the single values calculated for each scenario. 

It is essential to involve different agents, institutional or local, in the decision-making 
process. Stakeholders’ views and political and social priorities can be collected through a 
variety of methodologies, including workshops and meetings with stakeholders, and 
questionnaires. A thorough analysis of questionnaires can be used (a) to identify the 
appropriate set of indicators; (b) to define the number of scenarios; (c) to assign changes in 
characteristic variables and coefficients in scenarios’ development; (d) to assign weights to 
indicators inside criteria; and (e) to define the relative importance of criteria. 
 
Results: a case study for a ‘typical’ fictitious Mediterranean island 
 
The proposed integrated framework for decision support in islands’ management was applied 
on a typical or prototype Mediterranean island, integrating most of the common 
characteristics of Mediterranean islands, including limited natural resources, small size, 
isolation, and local economy mostly based on tourism and services, but also on small-scale 
agriculture, stock-breeding, fisheries, and industry (Spilanis et al., 2009). More than half of 
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the residents are financially inactive, whereas the majority of employment is in services, 
commercial as retail and non-commercial as public services. The current state of the island 
can be described by running the model and estimating the environmental and socioeconomic 
indicators. An important environmental indicator for Mediterranean islands is water 
consumption per sector, shown in Figure 2, where agriculture and households are the main 
consumers. Similar graphs can also be plotted for the subsectors of a sector if a more thorough 
analysis of the indicator under consideration is needed. 
 

 
Figure 2: Water consumption (tn/year) per sector in the typical Mediterranean island 
estimated by the model. Agr: Agriculture, Sbr: Stock-breeding, Fsh: Fisheries, Ind: Industry, 
Tou: Tourism, Con: Constructions, Srv: Other Services, and Hhs: Households. 
 

Considering local economy, income per sector can be estimated by the model (Figure 
3). Tourism and services are the main sources of income for the typical island, the same 
holding for most of the Mediterranean islands. 
 

 
Figure 3: Income (MEUR/year) per sector in the typical Mediterranean island estimated by 
the model. Agr: Agriculture, Sbr: Stock-breeding, Fsh: Fisheries, Ind: Industry, Tou: 
Tourism, Con: Constructions, Srv: Other Services, and Hhs: Households. 
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Taking a step forward, a mid-term (for a decade) scenario analysis was performed. Three 
scenarios were developed and tested for the typical island, expressing the current trends 
(Business As Usual, BAU), emphasis on economic growth (Policy Targeted, PT), and 
emphasis on environmental protection (Deep Green, DG). The evolution of indicators during 
the decade is the result of the simulation. Synthetic indicators can also be calculated, used as 
criteria in the multicriteria analysis, such as the economic criterion, being a weighted sum of 
the economic indicators, income and employment, with equal weights in the current case 
study. The evolution of employment (number of employees) and the economic criterion are 
shown in Figure 4. Employment is decreasing for almost three years in all scenarios due to 
the depression of the local economy which was incorporated in the scenarios for two years. 
This depression follows the corresponding trend at the national level since the island is an 
open system not isolated from the rest of the world. The decreasing trend is then reversed for 
all scenarios and economic growth is presumed, being more pronounced for the PT and DG 
scenarios (Figure 4a). A similar trend is observed for the economic criterion, being an average 
of the income and employment (Figure 4b). 

 
(a) 

 
(b) 

 
Figure 4: Mid-term scenario analysis: Evolution of (a) employment (number of employees) 
and (b) economic criterion (weighted sum of income and employment with equal weights) 
during a decade for BAU (in blue), PT (in red), and DG (in green) scenarios.  
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Finally, the Analytic Hierarchy Process (AHP) was applied to rank scenarios according 
to their preference based on environmental, economic, and social criteria. Final ranking with 
equally weighing criteria is shown in Figure 5. It is important to note that according to the 
methodology, the sum of the three scores is always equal to one, so only pairwise comparisons 
are possible, not taking into account absolute values and differences. BAU scenario has the 
lowest score throughout the decade. DG is slightly more preferable than the PT during the 
first two years of the analysis; however, the latter is more preferable in the long term. 
 

 
Figure 5: Mid-term scenario analysis: Evolution of Final score (with equal weights on 
environmental, economic, and social criteria) during a decade for BAU (in blue), PT (in red), 
and DG (in green) scenarios.  
  

For the long-term analysis aiming to incorporate climate changes, the three scenarios 
were simulated for a future year and results were compared with the current state. According 
to recent climatological studies for the Mediterranean basin (Giannakopoulos et al., 2011; 
Kostopoulou et al., 2014), a decrease in annual rainfall of 10% and an increase in air 
temperature of 10% are plausible. These changes affect the water budget due to the decrease 
of precipitation and the increase of evaporation. Increase of air temperature, especially in 
summer, also affects economy (tourism and agriculture) and social well-being. Simulation 
results for the future year include single values of all indicators and criteria for each scenario, 
which can be compared with the corresponding values for the current state of the island. As 
an example, population growth and final ranking of scenarios are shown in Figure 6. Equal 
weights were assigned to the three criteria―environmental, economic, and social―in the 
multicriteria analysis. 
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(a) 

 
(b) 

 
Figure 6: Long-term scenario analysis: Comparison of (a) population and (b) final score for 
the current state (in grey) and the future year as estimated by the three scenarios (BAU in 
blue, PT in red, and DG in green). 
 

Population shows an increase in the future which is more pronounced for the Deep 
Green scenario. Population change is related both to the trends of economic growth and 
social welfare. It seems therefore that environmental protection in the DG scenario increases 
social welfare that in turn out-competes possible higher economic growth in favour of the 
PT scenario. However, taking into account all criteria with equal weights, PT scenario is 
more preferable than DG, whereas BAU expressing current trends without significant 
interventions is the least preferable in long term. 
 
Discussion 
 
Integrated management of islands, taking into account climate change and using information 
technology tools, must be a first priority in decision-making for politicians, local and 
institutional stakeholders, and researchers, based on the long experience from coastal zone 
management (Van Kouwen et al., 2008). The proposed framework is characterized by 
generality to be applied to any island, but also by flexibility to be adapted to the specific 
environmental, economic, social, or cultural characteristics of each island. The framework 
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approaches islands as dynamic systems, highlights their main components (physical 
environment, economy, society, cultural identity, and transport) and develops quantitative 
relationships to study interactions, dependencies, and feedbacks, as well as input and output 
flows. Those flows might be in terms of currency, people, goods, or energy, since islands are 
open systems that continuously interact with the external environment at the national and 
international levels. The framework is divided into separate phases, some of which should 
include public and stakeholders’ participation, as the definition of indicators and sustainability 
goals, prioritization of economic sectors, and ranking of scenarios. Limits set by carrying 
capacities in terms of environmental, economic, social, and cultural aspects, or by the existing 
legislation, in the form of thresholds for indicators, can also be taken into account and, 
accordingly, reject scenarios overcoming those limits. The proposed framework can be used 
for consultation and for the assessment of possible outcomes of policy options, although final 
decisions and implementation always depend on the administrative authorities of each island, 
either local, regional, or national.      

Spatial resolution and capability to develop spatially explicit scenarios is desirable in the 
coastal zone (Van Kouwen et al., 2008), and moreover in islands’ management. Multi-agent-
based models can be used to study problems integrating social and spatial aspects (Bousquet 
& Le Page, 2004), including human behaviour, an important steering factor for management 
(Boulanger & Brechet, 2005; Otter, 2000). Theoretically there is no limitation in spatial 
resolution for the proposed management framework, provided that information is available, 
for variables, coefficients, mechanisms, and priorities, even at a small-scale level. However, 
there is always lack of information at low spatial scales, especially for the socioeconomic data 
and therefore spatial aggregation is almost always necessary (Van Kouwen et al., 2008; Le 
Gentil & Mongruel, 2015). National statistical authorities usually collect data for 
administrative units, as municipalities, prefectures, or regions; therefore a compromise has 
always to be made between spatial resolution and available information. In the case study of 
the ‘typical’ island, the lower spatial unit was the watershed for which the water budget was 
studied; whereas the rest indicators were calculated at the whole island level, considering the 
island as the administrative unit. This hybrid approach is proposed for future use as a 
compromise between processes that have to be studied in low resolution and availability of 
data. Coastal hydrodynamics or biodiversity losses are often studied with spatially explicit low-
resolution models which are time-consuming to set and run. Such models can be run off-line 
and their results be aggregated in single indicators able to be incorporated in the management 
framework and taken into account in current state evaluation and scenario testing. 

A fundamental difficulty in managing long-term and sustainability decisions is uncertainty. 
Since the future is uncertain, Uusitalo et al. (2015) stated that it is impossible to predict with 
certainty the result of each management decision. Moreover, complex models with many 
interactions among individual sources of uncertainty can increase the overall model uncertainty 
(Perz et al., 2013). Therefore, there is a need to identify potential sources of uncertainty and 
to quantify their impact on model outputs and on the evaluation of policy options. Among 
the tools to understand and take into account uncertainty, an extensive sensitivity analysis can 
be performed, for example, by means of Monte Carlo simulations. The sensitivity analysis 
allows a detailed assessment of model robustness and, therefore, the reliability of the model 
outputs, as well as the explicit quantification of the specific uncertainty associated to each 
model outcome under the considered scenarios and policies. The consideration of uncertainty 
is important since it modifies the conclusions regarding whether some objectives are achieved 
or whether certain sustainability thresholds might be exceeded. For example, some indicators 
might not exceed their thresholds when mean values (of Monte Carlo simulations) are 
considered, but such thresholds might be overcome when the whole uncertainty range of the 
concerned indicator is taken into account. The proposed modelling tool can be easily adapted 
to be used for backcasting the evolution of a real island, for example, one decade. In this sense, 
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Monte Carlo simulations can be used to assess the sensitivity of indicators resulting from 
uncertainties, either in characteristic variables due to the methods of collection or in 
coefficients representing averages resulting from different behaviours and practices.  

In terms of interpretation of the indicators and in order to represent a useful tool for 
public communication and assessment of scenarios and policy options, a quantitative notion 
of what is acceptable for sustainability (a threshold) is needed (Banos-González et al., 2016b). 
A threshold may be a background value or a meaningful reference value for something like 
the irreversibility of the socio-ecological system. Depending on the nature of the indicator, 
either environmental or socioeconomic, threshold values can be provided by mandatory legal 
standards, guidelines from different institutions, benchmarking (best practices and experiences 
from other islands or socio-ecological systems), and the own background of the island 
(historical values as reference). The establishment of thresholds for every indicator is a clear 
step forward in sustainability since they represent a reference for decisions allowing the 
definition of acceptable ranges of change (Rodríguez-Rodríguez & Martínez-Vega, 2012). 
Establishment of thresholds for socioeconomic indicators would also prevent actions of 
conspicuous sustainability leading to an ‘eco-island trap’ (Grydehøj & Kelman, 2017), often 
resulting from the overweighing of environmental criteria in multicriteria approaches. In the 
proposed framework, prior to the application of multicriteria analysis, a viability test can be 
performed: scenarios exceeding existing limits or thresholds, including social or political 
acceptability, are considered as not viable and rejected from further analysis. Setting 
sustainability goals and identifying appropriate indicators with their thresholds to monitor 
progress towards these objectives over time, with the involvement of stakeholders in the whole 
process, may increase their influence on the adoption and assessment of sustainable policies 
and practices. 

In order to support policies, management tools are used for both backcasting and 
forecasting (Holmberg, 1998; Robinson, 2003; Van Kouwen et al., 2008). Forecasting through 
public participation, an inherent characteristic of the proposed framework, is also important 
to evaluate the effectiveness of the proposed strategies, define alternatives, and optimize 
policies (Le Gentil & Mongruel, 2015). Public participation in certain phases of the 
management framework restricts the drawbacks of participatory activities which are often 
time- and resource-consuming (Le Gentil & Mongruel, 2015; Soriani et al., 2015). The 
selection of stakeholders’, politicians’, and public views is also crucial (Le Gentil & Mongruel, 
2015), based on appropriately designed questionnaires. Analysis of the information from 
questionnaires can be used to assign weights to indicators, define the number and content of 
scenarios by prioritizing economic sectors, and, finally, apply multicriteria analysis. The 
possibility to include climate changes and forecast possible effects on economy and social well-
being is an additional important feature, since those changes greatly affect regions with many 
islands, such as in the Mediterranean (Giannakopoulos et al., 2011; Kostopoulou et al., 2014; 
Spyropoulou et al., 2013).   
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Appendix 1: Simple model equations for the calculation of environmental and 
socioeconomic indicators. 

Indicator Equation 

Agriculture 

Water consumption Cultivated area x % irrigated x water consumption/unit area 

Energy consumption Cultivated area x % irrigated x energy consumption/unit area 

N, P pollution From point and non-point sources through a watershed model 

CO2 emissions Energy consumption x CO2  emissions/kWh consumed energy 

Production Cultivated area x production/unit area 

Income Production x value/unit of production 

Stock-breeding 

Water consumption Number of animals x water consumption/animal 

Energy consumption Number of animals x energy consumption/animal 

N, P pollution Number of animals x N, P/animal 

CO2 emissions Energy consumption x CO2  emissions/kWh consumed energy 

Meat production Number of animals x meat production/animal 

Milk production Number of dairy animals x milk production/dairy animal 

Income Meat production x value/unit of production + Milk production x 
value/unit of production 

Fisheries 

Energy consumption Catch x energy consumption/unit of catch 

N, P pollution Catch x N,P/unit of catch 

CO2 emissions Energy consumption x CO2 emissions/kWh consumed energy 

Income Catch x value/unit of catch 

Industry 

Water consumption Raw material x water consumption/unit of raw material 

Energy consumption Raw material x energy consumption/unit of raw material 

N, P pollution Production x N, P /unit of production 

CO2 emissions Energy consumption x CO2 emissions/kWh consumed energy 

Income Raw material x cost of processing/unit of raw material 

Tourism 

Nights spent Number of beds x nights spent/bed 

Water consumption Nights spent x water consumption/day 

Energy consumption Nights spent x energy consumption/day 

N, P pollution Nights spent x N, P /day 

CO2 emissions Energy consumption x CO2 emissions/kWh consumed energy 

Solid wastes Nights spent x solid wastes/capita.day 

Income Nights spent x average tourist expenditure/day 
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Constructions 

Water consumption Number of employees x water consumption/capita.day 

Energy consumption Number of employees x energy consumption/capita.day 

CO2 emissions Number of employees x CO2 emissions/capita.day 

Solid wastes  Number of employees x solid wastes/capita.day 

Income Number of employees x average annual income in constructions 

Services 

Water consumption Number of employees x water consumption/capita.day 

Energy consumption Number of employees x energy consumption/capita.day 

CO2 emissions Number of employees x CO2 emissions/capita.day 

Solid wastes  Number of employees x solid wastes/capita.day 

Income Number of employees x average annual income in services 

Households 

Water consumption Residents x water consumption/capita.day 

Energy consumption Residents x energy consumption/capita.day 

N, P pollution Residents x N, P /capita.day 

CO2 emissions Number of residents x CO2 emissions/capita.day 

Solid wastes  Number of residents x solid wastes/capita.day 

Other socieconomic indicators 

Total income Income from all sectors + income from pensions 

Employment rate Employed/financially active 

Poverty index [Unemployed+(employees in agriculture + employees in stock-breeding) 
x 0.2 + employees in fisheries x 0.3] /financially active 

Access to education 
index 

[1-(employed/financially active)] x 0.5 

Life expectancy index 0.3 x employment rate + [0.7 x (employed – employees in fisheries – 
employees in industry) x 0.3/employed 

HDI 0.3 x life expectancy index + 0.3 x (1- access to education index) + 0.4 x 
(1- poverty index) 

 
 
Appendix 2: Dependencies and feedback mechanisms in scenario testing. 

Variable Equation 

Industrial raw material Related agricultural product (e.g., olives for olive oil, must for wine) 

Trend in constructions Last two-years’ trend in income and population 

Trend in services Last two-years’ trend in income 

Trend in population Last two-years’ trend in income and HDI 

 


