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1.Introduction 

Testing activity T2.4 aims to assess and map cumulative effects of aquaculture, tourism, and fisheries, 

with special focus on small scale fisheries (T1.11), on key ecosystem components, and to identify and 

map the spatial conflicts between human uses in the case study area. The goal is to identify barriers 

associated with combining marine activities and enable the more efficient use of the marine space and 

resources with reduced environmental impacts. The latter was supposed to be conducted in 

collaboration with stakeholders and the Regional Administration to enable a participatory planning 

approach, however, due to the Covid-19 pandemic interactions with stakeholders have been 

considerably restricted. 

The pilot case study in Greek waters includes the Island of Kephalonia, Ithaca and Lefkada, the 

adjacent marine area of the Natura 2000 site of the Inner Ionian Archipelago and the outer part of the 

Patraikos Gulf. From an ecological point of view, the study area is of great importance as it hosts a 

variety of habitats such as seagrass meadows, photophilic macroalgae, biogenic reefs, shell beds, 

sandy/silty bottoms, maerl beds, coralligenous communities, submarine caves, stable/unstable slopes, 

estuaries, lagoons. Furthermore, the Natura 2000 Site of the Inner Ionian Archipelago (GR2220003), 

which is quite extensive (88250 Ha), the 98% being marine, is an important marine mammal area 

(IMMA). Indeed, among the species included in Annex II of the Habitats Directive, the bottlenose 

dolphin (Tursiops truncatus), the Mediterranean monk seal (Monachusmonachus), the common dolphin 

(Delphinus delphis) and the green sea turtle (Chelonia mydas) are present there. However, existing 

data for the majority of the aforementioned ecosystem components are highly heterogenous, sporadic, 

fragmented, or even non-available.  

 

In the adjacent coasts of the study area there is an increased urbanization, while there is important 

touristic development, concentrated mainly on the islands of the study area. Indeed, the Ionian Islands 

are a popular touristic destination with a well-developed transport infrastructure; ports, marinas and 

airports. Moreover, activities such as fisheries and aquaculture are of fundamental importance for the 

island and coastal communities, and aquaculture constitutes almost 30% of fish farming production in 

Greece. Consultation with local stakeholders suggested that conflicts exist mainly between aquaculture 

and other marine sectors having stakes in the coastal/marine zone of the study area, and mainly small 

scale fisheries, as fishers consider losing parts of their traditional fishing grounds which are allocated 

for the development of aquaculture, and then tourism. Aside for spatial interactions between human 

activities, it is crucial to investigate conflicts between the latter and with conservation priority 

habitats/species in the area of the study to inform a more sustainable use of the marine space by 

reducing cumulative impacts affecting the marine environment.  

This report is dedicated to the testing of the module of the Cumulative Effects Assessment (CEA) in 
combination with the one on the SSF footprint in the Greek case study area, while special effort has 
been made to integrate outcomes with the ones from the module of the Allocated Zones for 
Aquaculture (AZA). The main objective of this report is to compile data and map the conservation 
priority ecosystem components (Posidonia oceanica, Monachus monachus and Delphinus delphis), as 
well as the maritime activities, and then apply the CEA module to identify hotspots of conflict in the 
case study area. Then, spatial conflicts between aquaculture activities and small scale fisheries are 
addressed in combination with the SSF module outcomes, superimposing also spatial information 
related to the distribution of aquaculture and tourism infrastructures. The focus on the 
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aforementioned sectors resulted from the fact that they have been highlighted as conflicting ones 
during stakeholder consultations that took place during the initial phase of the testing activities. What 
is more, the CEA module has been applied once again in combination with outcomes from the AZA 
module, to identify possible future conflicts between the spatial expansion of aquaculture activities 
and the conservation of the vulnerable ecosystem components considered in the study.   
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2.Case study area 

The testing activity presented herein was carried out in the Western part of the Greek Seas. The 

Ionian Sea is an elongated bay of the Mediterranean Sea. It is connected to the Adriatic Sea to the 

north, and is bounded by Southern Italy, southern Albania to the north, and the west coast of 

Greece. The Greek Case Study is comprised in the Ionian Sea, located between the western coasts 

of the central Greek peninsula and the Ionian Islands of Kephalonia, Ithaka and Lefkada, including 

the Inner Ionian Archipelago and the outer part of the Patraikos gulf (Figure 1).  

 

 

 

Figure 1 Case study - Ionian Sea/Western Greek waters 
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3.Workflow 

The workflow adopted for the elaboration of the Greek Case Study is structured in three 

operational steps. 

Step 1: Testing the GAIR to create a knowledge framework: it includes the updating of 

necessary data and metadata and the processing of thematic maps required for MSP analysis 

within PORTODIMARE. 

Step 2: Testing the Tools for MSP, considering the present condition in the case study area. In 

particular, the following analysis has been performed: SSF and MSF modules to estimate the 

fishing effort, analysis of cumulative effects assessment using CEA Module. 

Step 3:  Preliminary effort to integrate results from different modules. 

The following sections (4, 5, 6) include a detailed presentation of the implementation of the three 

aforementioned steps. 
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4.GAIR as knowledge framework for the coastal 

and marine area: Step 1 

Chapter four refers to the compilation of the spatial data on ecosystem components and human 

activities for the Greek Case Study, and the formation of the respective layers using the GAIR, 

highlighting also the GAIR’s basic functionalities (e.g. data and metadata sharing, map creation and 

sharing) (Step 1). 

In detail, it includes the presentation of layers related to: 

 shipping, aquaculture, fisheries, ports, marinas, cables 

 EUNIS Habitats,focusing on Posidonia oceanica meadows 

 Delphinus delphis and Monachus monachus, 

and proceeds with the finalization of maps on human uses and environmental components: 

 https://www.portodimare.eu/maps_ext/2837#/ 

 https://www.portodimare.eu/maps_ext/2836#/ 

4.1.Human activities 

▪ Aquaculture:  

The only aquaculture type in the area is fish farming and it constitutes almost the 30% of fish 
farming production in Greece. Indeed, the study area represents one of the most developed 
aquaculture sites in the country, where a large concentration of units exists. In total, there are 20 
aquaculture companies with 55 farms, 13 packing plants and 5 nurseries (Fig. 2), with annual 
production over 20.000 tones and 1.500 employees.  

The main species being bred are the seabream (Sparus aurata) and the seabass (Dicentrarchus 
labrax), which account for about 99% of the total value produced, while only minor efforts are 
focusing on other Mediterranean species, such as sharpsnout seabream (Diplodus puntazzo), the red 
porgy (Pagrus pagrus), the  common pandora (Pagellus erythrinus), the meagre (Argyrosomus 
regius), the common dentex (Dentex dentex) and others. 

 In the area, there is also organic aquaculture, a method for farming marine species in line with 
organic principles. Organic aquaculture is an extremely small percentage of the Greek production, 
and according to the available data in 2017 the estimated production represents only 0.7% of the 
total production. However, it should be noted that only 540 tons of this production was sold as 
organic fish (0.3% of the total aquaculture production), while the rest was sold as non-organic, as 
organic fish are up to 60% more expensive than the non-organic ones and hence market demand for 
such products is still very restricted. 

▪ Ports:  

There are thirteen ports active in the study area (Fig. 2), with minimum and maximum gross tonnage 
12 and 5402 respectively. Data on fishing ports were retrieved by the integrated platform IMASFish 
(Kavadas et al., 2013). 

▪ Marinas:  

https://www.portodimare.eu/maps_ext/2837#/
https://www.portodimare.eu/maps_ext/2836#/
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There are four marinas in the area (Fig. 2), with the biggest one (with total capacity of 620 yachts up 
to 45 m in length and 3.5 m draught) based in Lefkada Island. Information for marinas has been derived 
from different sources (e.g. https://greek-marinas.gr/en/regions-marinas/ionian-sea-and-
peloponnesus/) and digitized. 

▪ Shipping routes:  

Average vessel density (all types of vessel) expressed as hours per square kilometer per month, 
extracted (Mediterranea Sea part) from the EMODnet Human Activities - Vessel Density 2017 dataset 
(Fig. 2).  

 Cables:  

Existence of underwater cables on the sea floor of the case study area (Fig. 2). 

 

Figure 2. Human activities in the case study area (except fisheries) 

▪ Fisheries (including three subsectors: small scale (SSF), bottom trawlers, purse seiners).  

Greece has by far the largest SSF fleet (60%), in relation to the other ADRION countries (Fig. 3). 

However, the information on the SSF fleet operations is rather fragmented underlining the need for 

improved data collections and analysis frameworks. In the frame of a dedicated PORTODIMARE module, 

developed by HCMR, a fishing pressure index for SSF was estimated for the case study area and results 

are presented in chapter 5 (SSF Module). Then, the spatial distribution of fishing effort from bottom 

trawlers (OTB) and purse seiners (PS) was estimated on the basis of Vessel Monitoring System (VMS) 

data in the frame of another module developed also by HCMR, and the fishing footprint from these two 

subsectors (i.e. medium scale fisheries (MSF)) is visualized in the respective figure of the MSF module. 

Fishery data for the Greek case study area were retrieved from the HCMR IMBRIW database. 
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Figure 3.  Fleet distribution (in number of vessels) by registration port in the ADRION region 

(source: Kavadas et al. in preparation) 

4.2.Ecosystem components 

In the frame of PORTODIMARE, three environmental components of priority for conservation, Neptune’s 

seagrass (Posidonia oceanica), the common dolphin (Delphinus delphis) and the Mediterranean monk 

seal (Monachus monachus) have been selected, along with the EMODnet broad-scale predictive habitat 

map for the Greek case study to be further analyzed using the CEA. 

1. Posidonia oceanica meadow 

This habitat is identified as a priority for conservation under the Habitats Directive (Dir 92/43/CEE). 

Despite the fact that Neptune’s seagrass has been one of the well-studied Mediterranean species, 

the existing spatial information is still limited and data have a rather low spatial resolution, which is 

a strong limitation for providing robust assessments on its status. In the frame of this project, the 

official mapping of seagrass meadows in Greek waters has been used. 

2. Delphinus delphis 

Within the Ionian Archipelago, the endangered Mediterranean common dolphins (Delphinus delphis) 

have suffered a dramatic decline (from approximately 150 to 15 animals) between 1995 to 2007, 

that has been mainly linked to overfishing of their main epipelagic preys. More recent surveys 

conducted within the Inner Ionian Sea Archipelago between 2008 and 2016 have recorded the 

sporadic presence of common dolphin groups of up to 40 individuals. 

(seehttps://www.marinemammalhabitat.org/wp-content/uploads/imma-factsheets/Mediterranean/Ionian-

https://www.marinemammalhabitat.org/wp-content/uploads/imma-factsheets/Mediterranean/Ionian-Archipelago-Mediterranean.pdf
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Archipelago-Mediterranean.pdf).  The only available data on the common dolphin date back to more 

than a decade ago.  

3. Monachusmonachus 

This area also features the endangered Mediterranean monk seal with an estimated 5.7% to 9.2% of 

the global population. Indeed, the area constitutes one of the most important sites at a global basis 

for this species, and sites used for breeding have been well documented in this region. The only 

available data on the monk seal date back to more than a decade ago.  

Figure 4 visualizes the existing spatial information on the distribution of the three ecosystem 

components of conservation priority in the Greek CS area. 

 

 
Figure 4. Spatial distribution of the selected ecosystem components in the area of the Greek Case study  

 

4. Broad habitat types 

Furthermore, the EMODnet broad-scale predictive habitat map for the Greek case study has 
been compiled and it is visualized in Figure 5. 

 

https://www.marinemammalhabitat.org/wp-content/uploads/imma-factsheets/Mediterranean/Ionian-Archipelago-Mediterranean.pdf
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Figure 5 Broad-Scale Predictive Habitat Map 
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5.GAIR modules to assess the current conditions: 

Step 2 

5.1.SSF and MSF module 

The two fisheries-related modules aim to estimate the fishing effort from the SSF and MSF sectors 

respectively. As fishing activities take place in a variety of sites depending on gears/target species, it 

is important to visualize their spatial footprint.  

5.1.1.Method and data 

A fishing pressure index for small scale fisheries (SSF) was estimated by means of Multi Criteria 

Decision Analysis (MCDA) methodology. The estimation was conducted through a stepwise procedure, 

based on influential components affecting coastal fishing in terms of its distribution and intensity such 

as fishing capacity, bathymetry, distance from coastline, environmental conditions (among others) 

(Kavadas et al., 2015). 

 

The spatial distribution of fishing effort from bottom trawlers (OTB) and purse seiners (PS) was 

estimated on the basis of Vessel Monitoring System (VMS) data. According to the EU Commission 

Regulation (EC) No2244/2003, fishing vessels with length over all (LOA) higher than 12 meters are 

legally required to be equipped with VMS, which provides data of each vessel’s location, heading and 

speed to the fisheries authorities at two-hour intervals. In Greece, all the purse seiners and the bottom 

trawlers have LOA higher than 12 meters and therefore carry a VMS. The basic methodological steps for 

the estimation of fishing effort from purse seiners are: a) VMS data quality control; b) identification of 

vessels with the same fisheries strategy (I.e. OTB, PS); c) characterization of fishing activity as 

“fishing”, “steaming” or “mooring”; d) integration of fisheries legislation to define fishing areas; e) 

estimation of the spatial distribution of fishing effort; and f) mapping techniques (see details in 

Kavadas & Maina 2012; Kavadas et al., 2014; Maina et al., 2016; 2018a; 2018b). 

The output layers from the SSF and MSF modules are presented below (Figure 6 & 7). The two maps 

respectively visualize areas with varying levels of fishing pressure exerted by SSF and MSF in the case 

study area. 
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Figure 6. Fishing pressure index for Small Scale Fisheries 

 

 

Figure 7. Fishing pressure index for Medium Scale Fisheries per gear type: purse seiners, trawlers (12-24m),                            

and trawlers (24-40m). 
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5.2.CEA module 

The Cumulative Effects Assessment analysis has been performed in order to gain knowledge on the 

present propagation of pressures generated by the activities taking place in the study area of Greek 

waters and to assess the spatial distribution of impacts exerted by these pressures on the selected 

ecosystem components. 

 

5.2.1.Method and data 

The PORTODIMARE Geoportal allows performing Cumulative Effects Assessment analysis based on the 

Tools4MSP CEA modelling framework (Menegon et al., 2018a). The Tools4MSP CEA is an MSP-oriented 

open source software suite for geospatial analysis, which provides multi-objective toolsets for MSP (for 

more detail see Depellegrin et al., 2017; Menegon et al., 2018c). 

The Tools4MSP CEA approach incorporates a key aspect of the environmental risk assessment discipline 

which is the explicit identification and understanding of the source-pressure-pathway-receptor linkages 

(Judd et al., 2015; Stelzenmüller et al., 2018). More in detail, the linkages are modelled through two 

independent but concatenate tasks: 

- pressures assessment: from human uses to pressures. It estimates the propagation of pressures 

generated by one or multiple anthropogenic uses. 

- effects/impacts assessment: from pressures to impacts It allows to spatially assess the spatial 

distribution of impact exerted by one or multiple pressures on one or multiple environmental 

receptors. 

According to the general method adopted by PORTODIMARE Geoportal, CEA analysis has been carried 

out following the Case Study-driven approach, where the “Case Study” is a coherent and harmonized 

set of geospatial layers (and other documentation) available at different geospatial scales (Adriatic-

Ionian Region, national, regional, local, testing site or case study level) and resolutions. 

The default Case Study (with the code name Kephalonia Island) is directly available through the GAIR: 

Kephalonia island CEA https://www.portodimare.eu/casestudies/66/ 

All datasets have been rasterized in a regular grid with a cell resolution of 250 x 250 m. The units of 

the spatial indicators U and E are presence/absence (e.g. aquaculture) and intensity indicators (e.g. 

maritime traffic). Intensity indicators were transformed using log [x + 1] to avoid an over-dominance of 

extreme values and all datasets rescaled from 0 to 1 in order to allow direct comparison on a single, 

unitless scale. 

The following tables describe the 7 human uses (U) and the 4 environmental components (E) considered 

in the study area, including the references to the layer published through the PORTODIMARE Geoportal. 

 

 

 

 

https://www.portodimare.eu/casestudies/66/
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Human use Description Unit Source 

ACQFIN - 

Aquaculture Finfish 

Aquaculture areas - 

Mapping of the 

current location of 

aquaculture farms 

(finfish)  (year: 2019) 

tons Mapping of the 

current location of 

aquaculture farms in 

the Greek Ionian Sea 

FPORTS - Fishing 

Ports 

activity index for the 

small-scale fishing 

fleet in Gross tonnage 

(GT) per harbour 

tons GT per harbour 

aroundKephalonia 

island 

PIEPLN - Cables and 

Pipelines 

Cables within the case 

study area 

presence Cables around 

Kephalonia island 

SHIPDENS - 

Maritime Transport 

EMODnet - Average 

vessel density (all 

types of vessel) (year 

2017) 

hours per square 

kilometre per month 

Average 

VesselDensity 2017 

(Mediterranean Sea) 

SSF - Small scale 

fishery 

Spatial distribution of 

fishing activity for 

SSF 

fishing days by gross 

tonnage 

SSF fishing pressure 

index 

TBOAT - Coastal and 

Maritime Tourism 

Recreation and 

touristic areas and 

facilities - Location of 

marinas 

number of berths location of marinas 

around Kephalonia 

island 

OTB - Trawling OTB Spatial distribution of 

fishing activity - 

Bottom trawl effort 

(year 2014) 

fishing days by gross 

tonnage 

Bottom trawl fishing 

effort 

aroundKephalonia 

island 

  

https://www.portodimare.eu/layers/geonode:bottom_otter_trawl_effort#/
https://www.portodimare.eu/layers/geonode:bottom_otter_trawl_effort#/
https://www.portodimare.eu/layers/geonode:bottom_otter_trawl_effort#/
https://www.portodimare.eu/layers/geonode:bottom_otter_trawl_effort#/
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Environmental 

receptor 

Description Unit Source 

A3 - A652 AIR section of the 

2019 EUSeaMap 

broad-scale predictive 

model, produced by 

EMODnet Seabed 

Habitats 

presence/absence EUSeaMap (2019) 

Broad-Scale 

Predictive Habitat 

Map - AIR section 

 

Posidonia oceanica 

meadows 

According to Decision 

167378/14-7-2007 and 

Decision (2442/51879, 

17 May 2016) of the 

Minister of Rural 

Development and 

Food 

presence/absence Posidonia around 

Kephalonia island 

Delphinus delphis Spatial distribution of 

Delphinus delphis 

Source MESMA 

project 

presence/absence Delphinus delphis 

around Kephalonia 

island 

Monachus monachus Spatial distribution of 

Monachu smonachus 

Source MESMA 

project 

presence/absence Occurence of 

Monachus monachus 

around Kephalonia 

island 

 

 

Regarding the “Pressures assessment”, in total 7 pressures were taken into consideration according to 

the MSFD Annex III (2017/845/EU). In cases when robust knowledge on the pressure propagation was 

absent, the Tools4MSP CEA model adopts an isotropic convolution distance model proposed in Menegon 

et al. (2018a) which can be applied to any human use independently from its spatial structure (point, 

polygon or line feature). Such a simplified model requires two input parameters for each use-pressure 

combination: “buffer distance” and “pressure weight”. Such parameters are expert-based, and they 

were derived from the stakeholder engagement. Figures 8 shows the pressure weight and the buffer 

distance values for each use-pressure combination adopted for the Greek (Kephalonia) Case Study. 

 

 

https://www.portodimare.eu/layers_ext/geonode:euseamap_2019_broad_scal_nhkpx#/
https://www.portodimare.eu/layers_ext/geonode:euseamap_2019_broad_scal_nhkpx#/
https://www.portodimare.eu/layers/?limit=20&offset=0&q=Delphinus_delphis_REVISED&title__icontains=Delphinus_delphis_REVISED
https://www.portodimare.eu/layers_ext/geonode:monachus#/
https://www.portodimare.eu/layers_ext/geonode:monachus#/
https://www.portodimare.eu/layers_ext/geonode:monachus#/
https://www.portodimare.eu/layers_ext/geonode:monachus#/
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Figure 8 - Weights matrix (left) and distance matrix (right) reporting the respectively the “pressure weight” and 
the “buffer distance” values for each human use - pressure combination. 

For a more detailed description (e.g. equations) of the pressure indicators and propagation, we refer to 

Menegon et al. (2018a, 2018b) and the Tools4MSP CEA online documentation 

 (http://docs.tools4msp.eu/modules/cea/index.html). 

The effects/impacts assessment task is based on sensitivity/vulnerability scores which represent the 

“likelihood of change when a pressure is applied to a feature (receptor) and is a function of the ability 

of the feature to tolerate or resist change (resistance) and its ability to recover from impact 

(resilience)” (Tillin et al., 2010). Similarly, to buffer weights and pressure distances, the sensitivities 

scores are expert based, and they were derived from stakeholder engagement and desk-based analysis. 

In Figure 9 the sensitivity matrix for each combination of different pressures and environmental 

components is presented. 
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                    Figure 9 - Sensitivity scores for each pressure -environmental receptor combination. 

The main output of the Tools CEA module is the geospatial distribution of CEA score (CEASCORE), a bi-

dimensional GeoTIFF raster file representing the overall Cumulative Effects score in each raster grid 

cell. 

Three additional geospatial outputs are generated where the overall CEA is split according to the MSFD 

pressure classification: 

 CEA score exerted by MSFD Substances, litter and energy pressures (MAPCEA-MSFDSUB): Inputs 

of fertilisers and other nitrogen and phosphorus-rich substances, Inputs of organic matter, 

Introduction of non-synthetic substances and compounds, Introduction of other substances, 

Introduction of radionuclides, Introduction of synthetic compounds, Marine litter, Underwater 

noise. 

 CEA score exerted by MSFD Biological pressures (MAPCEA-MSFDBIO): Food availability, 

Introduction of microbial pathogens, Introduction of non-indigenous species and translocations, 

Selective extraction of species, including incidental non-target catches. 

 CEA score exerted by MSFD Physical pressures (MAPCEA-MSFDPHY): Abrasion (surface, light, 

heavy), Changes in siltation, Heat effect (due to cabling), Removal of substratum (extraction), 

Sealing, Significant changes in electromagnetic field, Significant changes in salinity regime, 

Significant changes in thermal regime, Smothering. 

In order to facilitate the interpretation of results, other outputs are made available by the module: 

 Barplot of CEA score for exerted pressure (BARPRESCORE). A table/barplot representing the 

contribution (in percentage) of exerted pressure (P) to the overall CEA score for the whole area 

of analysis. 
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 CEA score for each U-E combination (HEATUSEENVCEA). A table/matrix representing the 

contribution (in percentage) of the single pairwise combination of human use (U) and 

environmental receptor (E) to the total CEA score (for the whole area of analysis). 

 CEA score for each P-E combination (HEATPREENVCEA). A table/matrix representing the 

contribution (in percentage) of the single pairwise combination of pressure (P) and 

environmental receptor (E) to the total CEA score (for the whole area of analysis). 

 Heatmap of Pressure scores due to human uses (HEATUSEPRESCORE). A table/matrix 

representing the contribution (in percentage) of the single pairwise combination of human use 

(U) and pressure (P) to the total CEA score (for the whole area of analysis). 

 Distribution of CEA score (HISTCEASCORE). A table/histogram representing the number of grid 

cells for each class of CEA score. 

Finally, the graphical user interface allows the users to individually select the layers (human uses or 

environmental receptors) to be incorporated into the analysis. 

 

5.2.2.Main results 

The application of the CEA module, hosted in the GAIR, produced the following main outputs 
summarized in Figures 10-18 and Tables 1-4: 

 

 

Figure 10 Geospatial distribution of CEA scores in Western Greek waters 
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Figure 11  Geospatial distribution of CEA scores due to substances, litter and Energy pressures 

 

 

 

 

 

 

Figure 12 Geospatial distribution of CEA scores due to biological pressures 
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Figure 13 Geospatial distribution of CEA scores due to physical pressures 
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Figure 14 Barplot of pressure scores 

 
Figure 15 CEA score for each U-E combination 
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Figure 16 Histogram of CEA score 

 

 

 

Table 1 CEA score for each Pressure-Environmental combination 
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Table 2 Contribution of the single pairwise combination of human use and pressure to the total CEA score 

 

 

Figure 17 Comparison of Posidonia oceanica meadows based on different sources (HCMR and EMODnet Seabed Habitats) 
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Figure 18 Geospatial distribution of CEA scores in Western Greek waters 

 

Table 3 CEA score for each Pressure-Environmental combination 
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Table 4 Contribution of the single pairwise combination of human use and pressure to the total CEA score 

From the above outputs we can conclude: 

The combination of ecosystem components and pressures presenting the highest percentage scores are: 
the Mediterranean biocenosis of coastal detritic bottoms with high extension of the habitat ca. 28% of 
the total case study area, mainly impacted by overlapped intense and localized pressures (i.e. abrasion 
and selective extraction), and then the common dolphins due to marine litter, underwater noise, and 
pollution by non synthetic and synthetic compounds (Table 1). 

The high pressure scores are linked to pressures derived from maritime traffic (ie. marine litter, 
introduction of invasive species, noise and introduction of non synthetic and synthetic compounds), and 
from small scale fishery (mainly marine litter and sea floor impacts) (Table 2, Figure 11). 

Based on the differences existing between the layer of Posidonia oceanic coming from the EUNIS 
habitats data source at the broad-scale and the official mapping of the species in Greek waters, we 
have decided to run again the analysis focused on the Posidonia oceanica meadows (source HCMR), 
Monachus monachus and Delphinus delphis. From the comparison of Figures 10 and 18 we can conclude 
that in the first run the most impacted areas are in the northern and southern part while in Figure 18 
the northern part is not among the most affected areas any more. The latter highlights the importance 
of data quality to be used in similar assessments aiming to support effective planning decisions. 
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6.Preliminary effort to integrate results from 

different modules: Step 3 

In this section, an attempt was made to integrate results derived from the application of different 

modules, showcasing the added value of the GAIR as an ‘all-in-one toolbox’, providing relevant advice 

to MSP decision makers. 

6.1.CEA &AZA 

The CEA module has been also used to investigate possible effects of the spatial distribution of impacts 

exerted by (new) aquaculture areas that appear to be suitable for the further development of this 

activity, as identified by the AZA module, on the ecosystem components under study. 

The implementation of the AZA module in the Greek case study produced a raster map of the 
suitability index of the areas potentially available for aquaculture activity. The output of the AZA 
module, was then used as input in the CEA in order to investigate pressures/impacts deriving from the 
possible future expansion of aquaculture in the so-called suitable areas on the selected ecosystem 
components.  

6.1.1. Method and data 

The CEA module was applied including one more layer as compared to the previous analysis; except 
from the seven human pressures used before, an extra layer was included, the one referring to the 
suitability index (AZA module) with values more than 0.5, which indicate the most suitable areas for 
aquaculture. Then, the latter areas were compared with those included in the Greek Spatial 
Framework for Aquaculture Development, as these may constitute the best candidates for the further 
expansion of fish farming activities in the region under study. From Figure 19 it is obvious that 
outcomes from the AZA module are in close agreement with the zones officially proposed by the 
competent authority. 

The customized Case Study (with the code name Kephalonia Island CEA (AZA)) is directly available through the 
GAIR: Kephalonia island CEA https://www.portodimare.eu/casestudies/112/ 

https://www.portodimare.eu/casestudies/112/
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Figure 19 Most suitable areas for aquaculture development according to the AZA module, and zones officially proposed 
as AZA by the Greek Framework for Common Spatial Planning for Aquaculture 

 

6.1.2.Main results 

Figure 20 presents the overall cumulative effect score under the assumption of aquaculture expansion 

in the areas identified as suitable ones by the AZA. 
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Figure 20 Geospatial distribution of CEA score for the future scenario of aquaculture increase 

6.2.Spatial layers on aquaculture &tourism combined with SSF & AZA 

As the main spatial interactions between the human activities in the study area have been suggested by 

local stakeholders to exist between small scale fisheries, tourism and aquaculture, the spatial 

distribution of aquaculture units and tourism related facilities in the study area were combined with 

outcomes of the SSF module to visualize existing spatial conflicts. Then, outcomes from the AZA 

module were also included to identify those areas where future conflicts may arise due to the possible 

expansion of aquaculture activities. 

6.2.1.Method and data 

The layers of the spatial distribution of aquaculture and tourism and the outcomes of the SSF module 
were superimposed to identify areas where spatial overlapping exists. Then suitable areas for 
aquaculture expansion identified by the AZA module, and coinciding with the Greek Spatial Framework 
for Aquaculture Development, were included to investigate possible future conflicts among the 
aforementioned activities. 

6.2.2.Main results 

Figure 21 presents the superimposed layers of existing aquaculture units, tourism facilities and areas 
where SSF operate (SSF module), indicating overlapping sites that may constitute ‘hot-spots’ of spatial 
conflict among the three sectors. In Figure 22 outcomes from the AZA module, indicating also the 
zones coinciding with the Greek Spatial Framework for Aquaculture Development, are included 
highlighting sites where possible future conflicts among the aforementioned activities may emerge. 
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Figure 21 Overlapping sites among aquaculture units, tourism facilities and small scale fishery fishing grounds 

 

Figure 22 Overlapping sites among tourism facilities, small scale fishery fishing grounds and zones proposed for future 
development of the aquaculture (AZA module and official Spatial Framework) 
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7.Conclusions 

 

Summing up, the GAIR constitutes an ‘all-in-one toolbox’, that may provide significant feedback to be 

used by planners in MSP implementation. Experience gained in the frame of testing the GAIR, and 

particularly the CEA and SSF, as well as the AZA modules, in the Greek case study revealed the 

importance of this tool-box for compiling spatial data and analyzing them to investigate and map the 

spatial conflicts, both between uses and ecosystem components, and also among human activities.  

The considerable data gaps that exist regarding the ecological and economic parameters for Greek 

waters, however, restricted the reliability of the outcomes, which should be considered as purely 

indicative, highlighting the need for more effective monitoring and modeling efforts in the frame of 

the MSFD, WFD and CFP implementation. Indeed, the key barrier identified through this effort, that 

restricts the reliability of the derived information, is associated with the fragmented approach for 

addressing environmental challenges, and subsequently it is of utmost importance that the respective 

monitoring programs should be organized in an integrated way to provide fit-for-purpose advice. Then, 

the data/information pertinent to the different economic sectors, managed by different competent 

authorities, are/is highly heterogeneous and in many cases unavailable. 

Finally, it should be noted that the interaction with local stakeholders and the Regional Administration 

of the case study area was restricted to the initial consultation phase that aimed to gather stakeholder 

perceptions on issues related to existing conditions focusing specifically on conflicts between the 

marine/coastal activities in the study area. Then due to travelling restrictions imposed as a result of 

the Covid-19 pandemic, any further interaction, related to the discussion of the testing phase 

outcomes, with key local actors was not possible. 
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