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Abstract 14 

Green Infrastructure (GI) is increasingly being adopted in land management as a way of 15 

ensuring provision of the ecosystem services (ESS) required for human well-being. As 16 

GI is a spatial concept, spatial planning methods must be applied in designing GI. Many 17 

studies have focused on designing certain GI zones or on planning a GI specifically 18 

considering one or a few ESS. However, studies on GI planning considering all types of 19 

ESS and different GI zones are scarce. This paper describes a methodology that addresses 20 

the holistic spatial planning of GI by considering the potential capacity of areas to provide 21 

all of the ESS assessed. Buffer zones and multifunctional zones were delineated by using 22 

a specific procedure for each zone at landscape scale. The spatial planning of buffer areas 23 

and multifunctional zones was based on the analysis of trade-offs between ESS and on 24 

the integration of synergic ESS by means of a multicriteria evaluation technique. The 25 
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methodology was validated by application to the spatial planning of a GI in the region of 26 

Galicia at landscape level. Integration of the results of ESS assessment in a 27 

multifunctional GI makes land planning and management easier and ensures provision of 28 

all types of ESS. 29 

 30 

Keywords: green infrastructure delineation; green infrastructure zoning; multicriteria 31 

evaluation; multifunctional green infrastructure. 32 

 33 

1. Introduction 34 

Green Infrastructure (GI) is defined in the European Commission (EC)’s 35 

communication “Green Infrastructure (GI) — Enhancing Europe’s Natural Capital” as 36 

a strategically planned network of natural and semi-natural areas with other 37 

environmental features designed and managed to deliver a wide range of ecosystem 38 

services (ESS). The GI approach is increasingly being adopted in land management 39 

policies and strategies as a way of ensuring provision of the ESS required for human well-40 

being and quality of life. As GI is inherently a spatial concept (Snäll et al., 2016), spatial 41 

planning methods must be applied in designing GI networks.  42 

The spatial planning of GI requires, first of all, information about the spatial 43 

pattern of the ESS provision potential across the landscape. This aspect has been 44 

addressed in a large number of studies. Several published reviews outline the main 45 

methods used for ESS modelling, assessment (de Groot et al., 2010) and mapping 46 

(Martínez-Harms & Balvanera, 2012; Schägner et al., 2013) and describe decision 47 

support tools for ESS evaluation (Bagstad et al., 2013). 48 
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The results of ESS assessment are often used as a basis for spatial planning 49 

decisions (Arkema et al., 2015; Ruckelshaus et al., 2015). However, such results have not 50 

been widely used for the spatial planning of GI, and implementation is challenging (de 51 

Groot et al., 2010; Ruckelshaus et al., 2015). For instance, Portman (2013) highlights the 52 

difficulty of simplifying complexities between ESS so that planning processes can 53 

incorporate this approach. Some studies have achieved a step forward in GI planning by 54 

delineating hotspots, understood both as areas that provide a large proportion of a 55 

particular service or as areas providing more than one ES (Schröter & Remme, 2016). 56 

However, usually the spatial delineation of such hotspots does not either distinguish zones 57 

according to the type of ESS provided or delineate clearly the spatial area of GI. On the 58 

contrary, hotspots are frequently referred to administrative units such as municipalities 59 

(Queiroz et al., 2015).  60 

Many studies have focused on the design of part of a GI, especially ecological 61 

corridors (e.g. Chang et al., 2012), or on planning a GI specifically aimed at one or a few 62 

ESS, such as those related to the water cycle (Liu et al., 2016). However, studies on GI 63 

planning considering all types of ESS are scarce (Kopperoinen et al., 2014). Estreguil et 64 

al. (2019) compiled outstanding case studies of GI planning, most of which focused on 65 

connectivity analysis and delimitation of ecological corridors, but did not delimit buffer 66 

zones or multifunctional areas. The method used in the EU Green Infrastructure Strategy 67 

and described by the EEA (2014) and Liquete et al. (2015) is particularly striking and 68 

identify zones with the maximum combined capacity to provide regulating and 69 

maintenance ecosystem services, which form part of GI network for conservation, and 70 

zones with a moderate capacity to provide those ESS, which are included in GI network 71 

for restoration. 72 



 

Green infrastructure spatial planning considering ecosystem services assessment and trade-off analysis. Application 
at landscape scale in Galicia region (NW Spain). © 2020 by García, A. M., Santé, I., Loureiro, X., Miranda, D. is licensed 
under CC BY-NC-ND 4.0  

 
 

4 
 

Multi-criteria evaluation of the results of the ESS assessment is the most common 73 

technique used for the spatial delineation of GI. This method usually uses a weighted 74 

linear combination to aggregate criteria corresponding to the different ESS assessed. 75 

Meerow and Newell (2017) applied a GIS-based multi-criteria approach to the spatial 76 

planning of a multi-functional urban GI by using the weighted linear summation for a 77 

combination of six ESS maps and incorporating stakeholder priorities via allocation of 78 

the map weights. In a similar way, Gret-Regamey et al. (2017) developed a GIS-based 79 

multi-criteria decision analysis (MCDA) approach integrated in a web platform to enable 80 

interactive exploration of the consequences and trade-offs. The linear combination of 81 

multiple standardised ESS values is also call “intensity method” in other studies (Schröter 82 

& Remme, 2016). Kopperoinen et al. (2014) also aggregated ESS provision potential 83 

raster layers, in this case allocating the same weight to each ESS, into a total ESS 84 

provision potential raster layer from which multifunctional areas of GI can be identified. 85 

Heuristic optimisation techniques represent a further step in developing the spatial 86 

planning of GI, although, in most cases, algorithms designed for different purposes are 87 

applied. These include spatial conservation prioritization techniques for planning natural 88 

spaces (Snäll et al., 2016; Vallecillo et al., 2018) and land use optimisation algorithms for 89 

regional planning (Hu et al., 2014). Marxan software for conservation planning 90 

implements reserve selection algorithms and was used by Schröter & Remme (2016) and 91 

Vallecillo et al. (2018) to plan GI based on multiple ESS.  92 

None of the methods described in either of the cited studies deals with the 93 

delineation of different buffer or multi-functional zones of the GI. However, the method 94 

described by Liquete et al. (2015) distinguishes two GI zones (conservation and 95 

restoration), but does not delineate different areas according to the type of ESS provided. 96 
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Here we propose a methodology for the spatial planning of GI that delineates different GI 97 

zones according to the ESS provided in each area: a buffer zone, determined by the 98 

regulating and maintenance services; and three multi-functional zones, identified by 99 

expert evaluation of ESS and by analysis of synergies and trade-offs. The conclusions of 100 

the EEA (2014) regarding the spatial analysis of synergies and trade-offs between the 101 

selected ESS were therefore taken into account. 102 

For future developments, Liquete et al. (2015) also propose considering 103 

provisioning and cultural services and integration of the demand for ESS, i.e. the 104 

relationship between where ESS are produced and where they are consumed. Both aspects 105 

are included in the methodology proposed in this paper, which takes the results of the 106 

provisioning and cultural services assessment into account and considers the demand for 107 

cultural services in delineating one of the multi-functional zones.  108 

Here, we present a methodology that addresses the holistic spatial planning of GI 109 

by taking the potential of areas to provide all of the ESS assessed into account and 110 

delineating buffer zones and three types of multifunctional zones via the use of a specific 111 

procedure for each zone at regional or landscape scale. This methodology is described in 112 

the following section and applied in the subsequent section for GI planning in the region 113 

of Galicia. 114 

2. Methodology 115 

In order to plan a multifunctional GI that meets the objectives of biodiversity 116 

preservation and supply of ESS required for human well-being, two issues must be 117 

considered: the connectivity of spaces with natural values and land potential for providing 118 

ESS (Liquete et al., 2015); and the scale of analysis for the identification of GI elements 119 

and their capacity to supply ESS (Grêt-Regamey et al., 2014; Raudsepp-Hearne et al., 120 
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2010). The EEA (2011) distinguishes between GI at urban scale and at landscape scale 121 

(regional, national or transnational), as these are constituted by different land elements 122 

and managed with specific instruments and procedures for each scale. In this paper, a 123 

methodology for the spatial design of a multifunctional GI at landscape level was 124 

developed on the basis of information about the spatial distribution of the provision 125 

potential of multiple ESS and considering the connectivity of the GI elements and the 126 

proximity to demanding areas of certain ESS.  127 

2.1. Ecosystem services assessment 128 

The ESS provision potential is the capacity of an area to produce an ES, which 129 

depends on the land qualities required to produce a specific ESS and on the actual 130 

provision (Kopperoinenn et al., 2014). Ecosystems can provide multiple services, which 131 

vary depending on their uses and ecological functions and even on the scale. The ESS 132 

were identified on the basis of the almost hundred ESS included in the Common 133 

International Classification of Ecosystem Services (CICES 5.1; Haines-Young & 134 

Potschin, 2018), from which the ESS evaluable with the available data for the study 135 

region were selected. The remaining ESS were weighted in a multi-disciplinary approach 136 

by five research groups: three biologists specialised in biodiversity; five forestry and 137 

agricultural engineers specialised in rural land use planning; three architects and urban 138 

planners; and two civil engineers specialised in hydrological analysis. Each group 139 

assigned a score of between 1 and 10 to each ES according to its relative importance for 140 

the regional GI of Galicia, distributing a maximum of 200 points between the different 141 

ESS. The following ESS were selected from the resulting scores (Table 1). The remaining 142 

ESS obtained a score lower than 10 or were discarded because the data required for their 143 

assessment were not available. 144 
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Table 1. Selected ESS from CICES 5.1 145 

Type of ES Code Class Score 

Provision 1.1.1.1 Cultivated terrestrial plants for nutritional 

purposes 

33 

1.1.1.2 Fibres and other materials from cultivated plants  24 

1.1.1.3 Cultivated plants grown as a source of energy  26 

1.1.3.1 Animals reared for nutritional purposes  26 

1.1.3.2 Fibres and other materials from reared animals for 

direct use or processing  

24 

4.2.1.1 Surface water for drinking  47 

4.2.1.2 Surface water used as a material 35 

4.2.2.1 Ground water for drinking  40 

Regulation 2.1.1.2 Filtration, sequestration, storage, accumulation by 

microorganisms, algae, plants and animals 

25 

2.2.1.1 Control of erosion rates  34 

2.2.1.3a Hydrological cycle regulation 30 

2.2.1.3b Flood control  34 

2.2.1.5 Fire protection  34 

2.2.2.3 Maintaining nursery populations and habitats 

(including gene pool protection) 

43 

2.2.5.1 Regulation of the chemical condition of freshwaters 

by living processes  

29 

2.2.6.1 Regulation of chemical composition of atmosphere 

and oceans  

45 

Cultural 3.1.1.2 Characteristics of living systems that enable 

activities promoting health, recuperation or 

enjoyment through passive or observational 

interactions  

24 

3.1.2.3 Characteristics of living systems that are resonant in 

terms of culture or heritage  

39 

 146 
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Some closely related ESS were grouped together as insufficient information was 147 

available to evaluate each ES distinctively. This applied to ESS 1.1.3.1 and 1.1.3.2, which 148 

were grouped as ES "Animals reared for nutritional purposes or fibre production”, and to 149 

ESS 4.2.1.1, 4.2.1.2 and 4.2.2.1, which were grouped into ES "Water for drinking or used 150 

as a material". The most recent version of CICES (5.1) considers ESS related to 151 

hydrological cycle regulation and to flood prevention as a single group, although they 152 

were considered separate services in the previous version (4). However, in this case, we 153 

carried out independent evaluation of each ESS because different types of analysis are 154 

required.  155 

The models used for ESS assessment are described below, with the exception of 156 

ESS 4.2.1.1, 4.2.1.2, 4.2.2.1, 2.2.1.3, 2.2.1.5, 2.2.2.3 and 2.2.5.1, whose provision 157 

potential was obtained from unpublished studies carried out by researchers specialised in 158 

the hydrological cycle and biodiversity.  159 

2.1.1. Provisioning ESS 160 

All the provisioning ESS assessed depend directly or indirectly on land suitability 161 

for producing plant biomass. Thus, the potential provision of these services was 162 

calculated as the weighted summation of the land suitability for biomass production and 163 

the capacity of current land covers to supply the ES in question, on the basis of the 164 

approach described by Burkhard et al. (2009) for determining the capacity of different 165 

land covers to generate ESS. 166 

Land suitability for biomass production was determined from precipitation and 167 

temperature (Kandziora et al., 2013), land aspect and slope (Grêt-Regamey et al., 2014), 168 

soil texture (Porta i Casanellas et al., 1994) and geomorphology (analysed from TPI 169 

index; Weiss, 2001), as in Equation 1: 170 
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Biomass production = Temperature x 0.3 + Precipitation x 0.1 + Aspect x 0.1 + Slope x 171 

0.2 + Geomorphology x 0.2 + Soil x 0.1          (Equation 1) 172 

This model was used to evaluate ESS 1.1.1.1, 1.1.1.2, 1.1.1.3 and 1.1.3.1 with a 173 

weighting factor of between 0 and 5 (as in Burkhard et al., 2009), for each land cover in 174 

the Land Use Information System of Spain (https://www.siose.es/SIOSEtheme-175 

theme/documentos/pdf/Doc_tec_SIOSE2005_v2.3.pdf) according to its capacity to 176 

produce plants for food (ES 1.1.1.1), wood and biomass for energy (ES 1.1.1.3), vegetal 177 

fodder (ES 1.1.3.1) and vegetal fibre from wood and from herbaceous plants (hemp and 178 

flax; ES 1.1.1.2). In the latter case, the productivity of forest and agricultural species with 179 

the highest potential to produce vegetal fibre (i.e. eucalyptus and hemp in the study 180 

region), was used for reference purposes. The weights for different agricultural land 181 

covers were divided by 5, as hemp productivity (3 tn/ha.year; Höppner & Menge-182 

Hartmann, 2007) is five times lower than that of Eucalyptus nitens (16 tn/ha.year; Pérez 183 

Cruzado, 2011). The weights allocated to each land cover for each ES shown in Table 2 184 

were subsequently normalised between 0 and 1.  185 

Table 2. Weights allocated to current land covers for each ES 186 

Land cover Weights for different ESS 

ESS 

1.1.1.1 

ESS 

1.1.1.2 

ESS 

1.1.1.3 

ESS 1.1.3.1, 

1.1.3.2 

Rock, water, beaches, mines, 

cliffs  

0 0 0 0 

Artificial land cover 0 0 0 0 

Conifer trees 0 5 5 0 

Crop and meadow 5 1 1 4 

Crop 5 1 1 4 

https://www.siose.es/SIOSEtheme-theme/documentos/pdf/Doc_tec_SIOSE2005_v2.3.pdf
https://www.siose.es/SIOSEtheme-theme/documentos/pdf/Doc_tec_SIOSE2005_v2.3.pdf
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Deciduous trees 2 5 5 1 

Eucalyptus 0 5 5 0 

Eucalyptus and conifer trees 0 5 5 0 

Wetland 0 0 1 0 

Scrubland 0 0 2 2 

Scrubland and trees 1 5 2 2 

Scrubland and rock 0 0 0 0 

Mix of tree species 2 5 5 0 

Mosaic or agricultural and scrub 

land  

3 1 3 3 

Mosaic of agricultural and urban 

land 

1 0 0 1 

Mosaic of crops and tree species 3 3 0 3 

Meadow 0 0 0 5 

New forest plantations 0 4 4 0 

Vineyard and woody crops 4 0 2 0 

Urban 0 0 0 0 

Urban green areas 1 0 1 0 

2.1.2. Regulating ESS 187 

ES 2.1.1.2, related to water purification, was assessed as the average of pollution 188 

emission potential and pollution filtering capacity, by considering nitrogen as reference 189 

pollutant (Liquete et al., 2015). On one hand, the main anthropogenic sources of nitrogen 190 

pollution are households, industrial spills and gases generated by car traffic or application 191 

of fertilizer to farmland (Sutton, 2011); according to this, weights between 0 and 1 were 192 

allocated to each land cover (Table 3). The resulting map was used as input weight raster 193 
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to calculate a pollution flow accumulation map with the “Flow accumulation” tool in 194 

Arcgis. This map provides the pollution emission potential. 195 

On the other hand, the filtering capacity of rivers depends on the residence time 196 

of pollutants in water, so that the nitrogen filtering capacity increases with distance from 197 

the source of the river (Grizzetti et al., 2008). Nonetheless, the nitrogen levels tend to be 198 

maintained when the volume of the river reaches a certain level (Alexander et al., 2000). 199 

The filtering capacity of watercourses was therefore determined on the basis of the 200 

distance from the source, by allocating a value of 0 to stretches at distances less than 2 201 

km and greater than 30 km from the source and a linearly normalised value for 202 

corresponding distances of between 0 (30 km) and 1 (2 km). 203 

The filtering capacity of land is determined by the capacity of the vegetation to 204 

hold water and absorb nitrogen from the water, as well as by the capacity of soil organisms 205 

to break down water pollutants. This was estimated by assigning the weights indicated in 206 

Table 3 to each land cover and using the weights proposed by Burkhard et al. (2009) as 207 

reference weights. The resulting map was combined with the map of filtering capacity of 208 

rivers, by assigning the value of the latter map to the cells corresponding to rivers, to 209 

estimate the final pollution filtering capacity. 210 

Table 3. Weights allocated to land covers according to their capacity to produce nitrogen, 211 

to filter pollution and to prevent soil erosion 212 

Land cover Weight 

according to N 

production 

Weight 

according to 

capacity of 

filtering 

Weight according 

to soil erosion 

prevention capacity 

Rock, water, beaches, 

cliffs  

0 0 (excluding 

water) 

0 
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Artificial land cover 1 0 0 

Mines and extraction 

areas 

1 0 0 

Conifer trees 0 4 4 

Crop and meadow 0.7 0 0 

Crop 0.8 0 0 

Deciduous trees 0 5 5 

Eucalyptus 0.2 4 4 

Eucalyptus and conifer 

trees 

0.2 4 4 

Wetland 0 3 0 

Scrubland 0 4 3 

Scrubland and trees 0 4 3 

Scrubland and rock 0 3 0 

Mix of tree species 0 5 5 

Mosaic or agricultural 

and scrub land  

0.5 0 2 

Mosaic of agricultural 

and urban land 

1 0 0 

Mosaic of crops and tree 

species 

0.5 1 2 

Meadow 0.3 0 0 

New forest plantations 0.2 3 3 

Vineyard and woody 

crops 

0.8 1 1 

Urban 1 0 0 

Urban green areas 0.2 1 2 

 213 
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The provision potential for ES 2.2.1.1, related to erosion control, was calculated 214 

as the average of the erosion potential and the soil retention capacity of each land cover 215 

type. The erosion potential was obtained from the National Soil Erosion Inventory, which 216 

applies the RUSLE method. The soil retention capacity was estimated by allocating the 217 

weights indicated in Table 3 to the current land covers and using those applied by 218 

Burkhard et al. (2009) as reference weights and normalising them between 0 and 1. 219 

One of the most important ESS from the point of view of the contribution of GI to climate 220 

change mitigation and adaptation is ES 2.2.6.1, related to the regulation of chemical 221 

composition of atmosphere. Three cases were considered in order to evaluate the carbon 222 

capture and storage potential of ecosystems. These cases represent different points of the 223 

carbon cycle and distinguish the capacity of carbon capture by biomass, the carbon 224 

transfer from biomass to soil and the carbon storage in soil.  Each case can be assimilated 225 

to a different residence time of carbon in the ecosystem: 226 

1. Carbon capture (ES 2.2.6.1a) represents the capacity of atmospheric carbon capture 227 

by biomass, with carbon becoming an integral part of biomass through metabolic 228 

processes. The period evaluated varies from 0 to 20 years, since this is the residence time 229 

of carbon in the ecosystem for short term forest species in the region. The carbon capture 230 

potential was obtained from current land covers, which were each allocated a weight 231 

(Table 4) based on those proposed by Janssens et al. (2003) and on data of carbon capture 232 

obtained by Macías et al. (2005).  233 

2. Short-term carbon storage (ES 2.2.6.1b) is an indicator of the degree of carbon transfer 234 

from biomass to soil, as well as of the storage capacity in the biomass itself that is not 235 

used intensively by humans in a period from 20 to 150 years (period established from 236 

short and long-term forest species). The short-term carbon storage potential was obtained 237 
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from current land covers, allocating them a weight (Table 4) based on those reported by 238 

Pérez-Cruzado et al. (2012), Balboa-Murias et al. (2006) and Janssens et al. (2003).   239 

3. Long-term carbon storage (ES 2.2.6.1c) evaluates the carbon storage potential of soil; 240 

this is the carbon that potentially remains longest in an ecosystem. The main factors that 241 

influence the carbon storage capacity of soils include lithological substrate, relief, climate 242 

(temperature and precipitation), hydromorphology and chemical soil stabilization 243 

(Macias et al., 2004; Rodríguez-Lado & Martínez-Cortizas, 2015). Considering the 244 

available information, a weighted summation of temperature (weight 0.1), precipitation 245 

(weight 0.2), lithology (weight 0.6) and geomorphology (weight 0.1) was calculated. 246 

Precipitation was scored according to the relationship between carbon content and 247 

precipitation ranges  reported by Macías et al. (2004); temperature was evaluated 248 

according to its inverse influence on carbon storage (Rodríguez-Lado & Martínez-249 

Cortizas, 2015); and lithology was assessed according to data reported by Macías et al. 250 

(2004), which relates lithological categories to carbon content. Regarding the 251 

geomorphology, determined by the TPI index, the different areas were awarded scores, 252 

as follows: flat areas, 1; low sloping areas, 0.8; medium sloping areas, 0.6; embedded 253 

valleys, 0.4; and highly sloping areas and summits, 0.2. 254 

Table 4. Weights allocated to land covers for calculation of carbon capture and storage 255 

potential  256 

Land cover Weight according to 

C capture 

Weight according to 

C storage 

Rock, water, beaches, cliffs  0 0 

Artificial land cover 0 0 

Mines and extraction areas 0 0 
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Conifer trees 0.31 0.44 

Crop and meadow 0 0 

Crop 0 0 

Deciduous trees 0.13 0.88 

Eucalyptus 1 0 

Eucalyptus and conifer trees 0.65 0.22 

Wetland 0.06 0.50 

Scrubland 0.05 0.47 

Scrubland and trees 0.05 0.47 

Scrubland and rock 0.05 0.47 

Mix of tree species 0.48 0.44 

Mosaic or agricultural and scrub land  0 0 

Mosaic of agricultural and urban land 0 0 

Mosaic of crops and tree species 0 0 

Meadow 0.13 1 

New forest plantations 0.65 0.22 

Vineyard and woody crops 0 0 

Urban 0 0 

Urban green areas 0 0 

 257 

2.1.3. Cultural ESS 258 

Cultural ES 3.1.1.2, which is related to the influence of landscape quality of 259 

ecosystems on outdoor activities that improve societal well-being and health, was 260 

evaluated. For this purpose, both the landscape quality of each land cover type and the 261 

degree of visibility from the most suitable sites for outdoor activities (cliffs, rocks, 262 

beaches, rivers, river mouths, lakes, reservoirs, cycling and hiking trails and St. James 263 
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Way) were considered. Land cover types were grouped according to their aesthetic 264 

quality, on the basis of the studies of Di Giulio et al. (2009) and Uuema et al. (2013), and 265 

were scored (Table 5) according to the degree of public satisfaction with each landscape 266 

type obtained in a previous study (https://cmatv.xunta.gal/seccion-267 

organizacion/c/CMAOT_Instituto_Estudos_Territorio?content=Direccion_Xeral_Sostib268 

ilidade_Paisaxe/directrices_paisaxe/seccion.html&std=memoria_proceso_participacion269 

_publica.html). The degree of visibility was calculated as the number of the previously 270 

mentioned sites (subsequently normalised between 0 and 1) that are visible from each cell 271 

of a raster map. 272 

Table 5. Scores for aesthetic quality of types of land cover 273 

Land cover type 
Weight according to the aesthetic 

quality 

Water 0.87 

Scrubland and rock 0.68 

Forest 0.91 

Intensive agricultural land 0.71 

Extensive agricultural land 0.87 

Vineyard 0.87 

Urban and artificial areas 0.34 

Rururban areas 0.62 

Mines and extraction areas 0.23 

Singular elements 0.9 

Historic places 0.9 

 274 

Cultural ES 3.1.2.3, in which the ecosystem capacity to maintain historic records 275 

is evaluated through the soil potential for preservation of archaeological remains, was 276 

assessed. The soil capacity to preserve organic, bone, metallic and stratigraphic remains 277 

https://cmatv.xunta.gal/seccion-organizacion/c/CMAOT_Instituto_Estudos_Territorio?content=Direccion_Xeral_Sostibilidade_Paisaxe/directrices_paisaxe/seccion.html&std=memoria_proceso_participacion_publica.html
https://cmatv.xunta.gal/seccion-organizacion/c/CMAOT_Instituto_Estudos_Territorio?content=Direccion_Xeral_Sostibilidade_Paisaxe/directrices_paisaxe/seccion.html&std=memoria_proceso_participacion_publica.html
https://cmatv.xunta.gal/seccion-organizacion/c/CMAOT_Instituto_Estudos_Territorio?content=Direccion_Xeral_Sostibilidade_Paisaxe/directrices_paisaxe/seccion.html&std=memoria_proceso_participacion_publica.html
https://cmatv.xunta.gal/seccion-organizacion/c/CMAOT_Instituto_Estudos_Territorio?content=Direccion_Xeral_Sostibilidade_Paisaxe/directrices_paisaxe/seccion.html&std=memoria_proceso_participacion_publica.html
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was determined from lithological and geomorphology data, as well as from the location 278 

of peatlands and wetlands, following Kibblewhite et al. (2015). Hydromorphic soils, 279 

ecosystems with high water retention and calcareous Leptosols were assigned a score of 280 

5 in plains or summits and of 4 in low sloping hillsides, other calcareous soils and non-281 

calcareous Leptosols were awarded a score of 3, and the remaining soils in medium or 282 

low sloping areas and plains were given a score of 2 and sealed soils,  a score of 1.    283 

2.2. Ecosystem services trade-off analysis 284 

Both synergies and trade-offs occur between ESS; the former imply compatibility 285 

or even an increase in the supply of two or more ESS, whereas the latter involve a decrease 286 

in the supply of one ES in favour of another (Lee & Lautenbach, 2016). Trade-off analysis 287 

provides information that can be used to establish criteria for GI delineation as it enables 288 

identification of areas with high provision potential for several ESS (Baró et al., 2017).  289 

The correlations between the ESS provision potential maps were determined with the 290 

Spearman’s rank correlation coefficient (Spearman, 1904). This test was used because it 291 

is robust in the face of differences in data distribution.  The correlation coefficient (ρ) for 292 

each pair of ESS was calculated using all the values of the variables (maps) and varied 293 

between 1 (positive correlation) and -1 (negative correlation). The thresholds established 294 

by Raudsepp-Hearne et al. (2010) were used to indicate the level of correlation: 295 

ρ  ≤ 0.3                        No correlation 296 

0.3 < ρ < 0.5                  Moderate correlation 297 

ρ  ≥ 0.5                   Strong correlation 298 

2.3. Spatial planning of GI 299 

The proposed GI design comprises the following: core areas, which include areas 300 

with high levels of biodiversity; corridors, which ensure ecological connectivity among 301 
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core areas; buffer zones, aimed at preserving ecological functionality and maintaining 302 

corridors and core areas; and multifunctional zones, aimed at supplying ESS by ensuring 303 

compatible land uses.  304 

2.3.1. Buffer zones 305 

The average provision potential of regulating ESS was used to delineate buffer 306 

zones. The average potential was calculated by summing the provision potential maps of 307 

each regulating ES normalised between 0 and 1, and subsequently divided by the number 308 

of ESS.  The 20 % of the cells in the resulting map with the highest values were selected 309 

and the groups of these cells that entailed more than 100 ha and that were adjacent to core 310 

areas or ecological corridors were established as buffer zones. 311 

2.3.2. Multi-functional zones 312 

The different types of multifunctional zones were defined on the basis of the most 313 

valued ESS by the aforementioned groups of researchers, with the exception of the ESS 314 

related to biodiversity, which is the priority service in core areas and corridors, and of 315 

regulating ESS, already used to delimit buffer zones. 316 

For delineation of multifunctional zones, in addition to the potential provision of 317 

ESS, the proximity to potentially demanding areas was considered. This was one of the 318 

main challenges identified by Liquete et al. (2015) and addressed by Vallecillo et al. 319 

(2018). Areas where the population potentially places high demands on natural resources 320 

and functions were considered demanding areas, which also included core areas and 321 

corridors. 322 

The ESS considered in each multifunctional zone were classified into two groups: 323 

(i) primary ESS, which are directly related to the main function of the multifunctional 324 
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zone in question; and (ii) secondary ESS, which does not show trade-off with primary 325 

ESS. Land potential for multifunctional zones was calculated by means of Equation 2: 326 

Potential = 0.6 x primary ESS provision potential + 0.4 x secondary ESS provision 327 

potential (Equation 2) 328 

Both primary and secondary ESS provision potentials were calculated by 329 

summing the provision potential maps of each ES normalised between 0 and 1 and 330 

dividing the result by the number of ESS considered. Core areas, corridors and buffer 331 

zones, as well as areas of artificial land cover, were removed from this calculation. 332 

The 20 % of the cells with the highest potential values for each multifunctional 333 

area were selected, and those included in patches of less than 100 ha were subsequently 334 

removed. This ensured that multifunctional zones were large enough to be able to 335 

establish effective guidelines and management strategies that contribute to preserving 336 

biodiversity and ESS provision. Finally, patches that met the criterion of a certain 337 

proximity to demanding zones were selected. 338 

3. Application to spatial planning of GI in Galicia 339 

3.1. ESS evaluation 340 

The autonomous region of Galicia (NW Spain) comprises an area of 29 000 km2 341 

and has a population of almost three million people. Maps obtained by applying the ESS 342 

evaluation methodologies described in section 2.1 are shown in Figure 1. These maps 343 

enabled us to calculate the average provision potential for all ESS of each land cover 344 

(Table 6) as the average of the cell values corresponding to each land cover in the map of 345 

average provision potential for all ESS. Globally, forest is the land cover with the highest 346 

provision potential. This type of land cover has a high potential capacity for regulating 347 

ESS related to pollution filtering, regulation of the hydrological cycle, biodiversity, 348 
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erosion and forest fire prevention and carbon capture and storage, as well as for 349 

provisioning ESS such as production of vegetal fibre or biomass for energy. Among the 350 

different types of forest land covers, autochthonous deciduous trees stand out as the 351 

highest suppliers of ESS related to the hydrological cycle and short-term carbon storage. 352 

In general, fast growing forest species display the highest provision potential for ESS 353 

related to growing plants, such as carbon capture and vegetal fibre production. The second 354 

place in ESS provision corresponds to scrubland, which also plays an important role in 355 

ESS supply, although not as much as forest land cover, due to the lower volume of 356 

biomass. The last place is occupied by agricultural land cover, as despite having a high 357 

potential for provisioning ESS, this type of land use can cause erosion, pollution by 358 

agrochemicals and loss of biodiversity. Wetland stands out as the land cover with the 359 

highest potential for ESS related to the hydrological cycle, long-term carbon storage, 360 

biodiversity and preservation of archaeological remains.  361 
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Figure 1. Maps of ESS provision potential  364 

 365 

Table 6. Average provision potential for all ESS 366 

Land cover Average provision potential for all ESS 

Deciduous trees 0.75 

Mix of tree species 0.69 

Eucalyptus 0.67 

Eucalyptus and conifer trees 0.66 

Conifer trees 0.64 

Scrubland and trees 0.64 

Scrubland 0.61 

Mosaic of crops and tree species 0.60 

New forest plantations 0.59 

Mosaic of agricultural and scrub land 0.57 

Crop 0.56 

Crop and meadow 0.56 

Wetland 0.53 

Scrubland and rock 0.52 

Meadow 0.52 

Vineyard and woody crops 0.51 

 367 

The results of the correlation analysis of ESS provision maps shown in Table 7 368 

were used for spatial delineation of the GI by taking the trade-offs between groups of ESS 369 

into account. The following main trade-offs were identified: the long-term carbon storage 370 

vs. cultivated terrestrial plants for nutritional purposes; pollution filtering and erosion 371 

prevention vs. cultivated plants for nutritional purposes; carbon capture vs. cultivated 372 
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plants for livestock; biodiversity vs. vegetal fibre production, biomass production for 373 

energy and carbon capture; and biodiversity vs. plants cultivated for human consumption. 374 
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Table 7.  Correlation matrix  375 

 4.2.1.1 2.2.2.3 1.1.1.3 2.2.5.1 2.2.6.1a 2.2.6.1b 2.2.6.1c 2.2.1.5 1.1.1.1 3.1.2.3 2.2.1.1 1.1.1.2 2.1.1.2 1.1.3.1 3.1.1.2 2.2.1.3b 2.2.1.3a 

4.2.1.1 1                 

2.2.2.3 -0.1 1                

1.1.1.3 0.1 -0.3 1               

2.2.5.1 0.1 0.1 0.0 1              

2.2.6.1a 0.1 -0.3 0.8 0.0 1             

2.2.6.1b 0.0 0.3 0.2 0.2 0.1 1            

2.2.6.1c 0.4* 0.0 0.0 0.1 0.0 -0.1 1           

2.2.1.5 -0.1 0.5 0.0 0.0 -0.1 0.1 0.0 1          

1.1.1.1 0.0 -0.3 0.2 -0.1 -0.2 -0.4 0.1 0.2 1         

3.1.2.3 0.0 0.3 -0.1 0.1 0.0 0.2 0.2 0.1 -0.2 1        

2.2.1.1 0.1 0.0 0.6 0.1 0.5 0.6 -0.1 -0.1 -0.4 0.1 1       

1.1.1.2 0.1 -0.4 0.9 0.0 0.7 0.1 0.0 0.0 0.3 -0.2 0.4 1      

2.1.1.2 0.1 0.1 0.5 0.1 0.5 0.8 -0.1 -0.1 -0.5 0.1 0.9 0.4 1     

1.1.3.1 0.0 -0.2 -0.1 0.0 -0.4 -0.5 0.2 0.1 0.8 -0.1 -0.5 0.0 -0.6 1    

3.1.1.2 -0.1 0.3 -0.4 -0.1 -0.6 0.1 -0.1 0.2 0.1 0.0 -0.2 -0.4 -0.2 0.2 1   

2.2.1.3b 0.1 0.1 0.3 0.1 0.2 0.3 0.3 0.1 -0.1 0.1 0.4 0.2 0.4 0.0 -0.1 1  
2.2.1.3a 0.1 0.0 0.3 0.2 0.2 0.3 0.4 0.0 -0.1 0.1 0.5 0.3 0.5 0.0 -0.1 0.9 1 

*Strong positive correlation and strong negative correlation in bold (   0.5); moderate positive correlation and moderate negative correlation in italics (  0.3-0.5)376 
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3.2 Delineation of GI 377 

The core areas of the proposed GI correspond directly to the Nature Network 2000 378 

spaces. The ecological corridors were spatially delineated by direct interpretation of aerial 379 

photographs by experts from the Institute of Agrarian Biodiversity and Rural 380 

Development (www.ibader.gal). The core areas, corridors and buffer zones, delineated 381 

according to the methodology described in the previous section, are shown in Figure 2. 382 

The buffer zones comprise an area of 136.227 ha (Table 8), which represents 13 % of the 383 

total GI and 4.6 % of the total area occupied by the region and which, according to the 384 

methodology used, are located in areas adjacent to core areas and corridors with the aim 385 

of reducing possible impacts on these zones. 386 

Table 8. Core areas, ecological corridors and buffer zones 387 

Type of zone Area (ha) Percentage of IV 

Core area 358.895 34.14 % 

Ecological 

corridor 
263.254 25.04 % 

Buffer zone 136.227 12.96 % 

 388 

http://www.ibader.gal/
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 389 

Figure 2. Map of core areas, corridors and buffer zones 390 

With the exception of ESS related to biodiversity and regulating ESS, those 391 

prioritised by experts were related to food production, and a “multifunctional area for 392 

sustainable food production” was thus defined; this was followed by cultural ESS, which 393 

led to a “multifunctional area for well-being of urban population”; and finally those ESS 394 

related to production of wood and other forest products, thus defining a “multifunctional 395 

area for sustainable exploitation of forest resources”. 396 

In zones delimited for sustainable food production, the primary ESS were 1.1.1.1 397 

and 1.1.3.1 and the secondary ESS were all remaining services, except ESS 2.2.6.1, 398 
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2.1.1.2, 2.2.1.1 and 2.2.2.3, because of their trade-offs with the primary ESS. Once cells 399 

corresponding to the 20% of the highest values were selected and the patches of cells with 400 

less than 100 ha were removed, patches adjacent to core areas, corridors and buffer zones 401 

were included in this type of multifunctional zone. 402 

In zones delimited for well-being of the urban population, the primary ESS was 403 

3.1.1.2 and the secondary ESS were the remaining services, with the exception of 1.1.1.3, 404 

2.2.6.1 and 1.1.1.2 because of their trade-offs with the primary ESS. In this case, an 405 

additional factor “proximity to human demand” was taken into account as closeness to 406 

population increases the real flow of the primary ESS in this type of multifunctional zone 407 

(Vallecillo et al., 2018). For this reason, patches located close to population settlements 408 

with 1000 or more inhabitants were selected by means of the following criteria about 409 

patch size and distance to settlements: patches higher than 2 ha and located less than 200 410 

m from settlements, patches higher than 20 ha and located less than 2 km from settlements 411 

and patches higher than 100 ha and located less than 5 km from settlements were selected. 412 

Finally, the definition of multifunctional areas for sustainable exploitation of 413 

forest resources was based on the primary ESS 1.1.1.2 and 1.1.1.3, and on the remaining 414 

ESS as secondary ESS, with the exception of ESS 2.2.2.3 and 3.1.1.2 because of trade-415 

offs with the primary ESS. Once the 20 % of cells with the highest values were selected 416 

and the patches of cells with less than 100 ha were removed, patches adjacent to core 417 

areas, corridors and buffer zones were included in this type of multifunctional zone.  418 

The cells selected to be part of several multifunctional zones were allocated to a 419 

specific type of multifunctional zone by adopting the following priority criterion derived 420 

from expert ranking of the ESS:  cells were first allocated to the multifunctional area for 421 

sustainable food production, secondly to the multifunctional area for well-being of urban 422 
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population and  thirdly to the muntifunctional area for sustainable exploitation of forest 423 

products. Resulting multifunctional zones are shown in Figure 3. 424 

 425 

Figure 3. Map of multifunctional zones 426 

Multifunctional zones cover an area of 292.836 ha, which represents 28 % of the 427 

total GI (Table 9) and 9.9 % of the regional area (Table 10). The largest area occupied by 428 

multifunctional zones for sustainable food production is due to the priority criterion 429 

established for overlaps between multifunctional zones. The resulting GI covers 35.5 % 430 

of the area of Galicia. 431 

 432 
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Table 9. Area of different multifunctional zones 433 

Multifunctional zone 
Area 

(ha) 

Percentage of 

multifunctional zone 

Percentage 

of GI 

Sustainable food production 154.997 52.93 % 14.74 % 

Wellbeing of urban population 74.049 25.29 % 7.04 % 

Sustainable exploitation of forest 

resources 
63.790 21.78 % 6.07 % 

Total multifunctional zone 292.836 100 % 27.85 % 

 434 

Table 10. GI areas in Galicia 435 

Zone Area (ha) Area (%) 

Core areas 358.895 12,14 

Ecological corridors 263.254 8,90 

Buffer zones 136.227 4,61 

Multifunctional zones 292.836 9,90 

Total GI 1.051.212 35,55 

Galicia 2.957.127 100 

 436 

4. Discussion 437 

As mentioned in the Introduction, spatial planning of GI requires information 438 

about the spatial patterns of ESS provision across the landscape, i.e. planners must know 439 

the extent to which each part of a region provides each service. Among the numerous 440 

methods that can be used for ESS assessment (Martínez-Harms & Balvanera, 2012; 441 

Schägner et al., 2013), those based on causal relationships between environmental 442 

variables were applied in the present study. Although land use/cover is one of the most 443 

important variables in many of the methods, this type of data was not used directly as a 444 

proxy for ESS supply but also other variables that influence provision potential of ESS 445 

were considered. The design of a specific evaluation method for each ES allowed 446 

individualized assessment. The individual evaluation of each ES facilitates possible 447 

improvement of the global methodology, and consequently better results, by means of 448 
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partial improvements, i.e. by the improvement or further development of the currently 449 

most imprecise methods of evaluating ESS, for example, by validating them against 450 

primary data (Schägner et al., 2013). 451 

The results of ESS assessment can be used directly by decision and policy makers 452 

for land management (Ruckelshaus et al., 2015). The maps of ESS provision potential 453 

obtained in the present study enable identification of the areas in the region with the 454 

highest potential capacity to supply ESS and also enables identification of the types of 455 

ESS provided in each area. Forest areas have been shown to have the highest potential 456 

for ESS provision, especially for regulating services. Of the different types of forest areas, 457 

autochthonous deciduous forests stand out as providers of regulating ESS. After forest 458 

ecosystems, scrubland is the second highest supplier of ESS.  459 

The selection of ESS and the assessment methods used in this approach can be 460 

modified in order to adapt the results of ESS assessment to the specific objectives of the 461 

plan, instrument or regulation supported by them. By way of examples, in the case of a 462 

climate action plan, more relevance should be attached to ESS related to mitigation 463 

(2.2.6.1) or adaptation (2.2.1.3a or 2.2.1.5) of climate change and more climatic variables 464 

could be included in the ESS assessment methods; or in the case of a sustainable tourism 465 

plan, other cultural ESS could be evaluated, for example by dividing the results of the ES 466 

3.1.1.3 assessment into two maps of provision potential of landscape quality and of 467 

suitability for outdoor activities, or by including ESS related to tourism activities such as 468 

ecosystem characteristics enjoined by people or recognised by their cultural or historical 469 

character.   470 

Integration of the results of ESS assessment into a multifunctional GI makes land 471 

planning and management easier and ensures the provision of all types of ESS. Previously 472 
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identified difficulties in such integration (Portman, 2013) were overcome by 473 

distinguishing different zones in the GI. In addition to well-known core areas, corridors 474 

and buffer zones, several types of multifunctional zones were identified and delineated.  475 

Many studies aimed at spatial planning of GI focus on a specific area of the 476 

infrastructure, usually ecological corridors, or on one or a few ESS; however, studies 477 

concerning the spatial delineation of GI made up of different zones are scarce. Some of 478 

the existing methods distinguish different GI areas (Chang et al., 2012; Liquete et al., 479 

2015) or different scenarios (Vallecillo et al., 2018), but none of these methods delineate 480 

different types of multifunctional zones according to the bundle of ESS provided. This 481 

paper proposes a method for the spatial planning of buffer areas and several types of 482 

multifunctional zones based on the analysis of trade-offs between ESS and on the 483 

integration of synergic ESS by means of a multicriteria evaluation technique. The 484 

resulting GI comprises 35 % of the total area occupied by the region of Galicia and is 485 

divided into core areas (34 % of the GI area), corridors (25 %), buffer zones (13 %) and 486 

multifunctional zones (28 %). These three types of multifunctional zones were identified 487 

by expert ranking of the ESS in order to ensure that the GI will supply all the required 488 

services. More than half of the multifunctional area (53 %) was allocated to sustainable 489 

food production and the remaining area was almost equally assigned to zones for 490 

wellbeing of urban population (25 %) and for sustainable exploitation of forest resources 491 

(22 %). This distribution can be explained by the priority criterion used to delineate 492 

multifunctional zones on the basis of scores assigned to ESS by the expert groups. 493 

The identification of multifunctional zones enabled the whole range of ESS in the 494 

spatial design of the GI to be considered, thus achieving an integrative GI. Most existing 495 

studies on spatial planning of GI at landscape level do not consider provisioning ESS, 496 
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although with some exceptions (Grêt-Regamey et al., 2017; Hu et al., 2014), and few 497 

cultural ESS are usually evaluated. Liquete et al (2015) propose the delivery of 498 

provisioning and cultural services in a GI as one of the main challenges, in which trade-499 

offs between different ecosystems services must be considered.  The GI designed in the 500 

present study incorporated the three types of ESS included by CICES (provisioning, 501 

regulating and cultural services). Thus, the following various benefits of GI are ensured, 502 

and multiple objectives are met (EEA, 2014): ecological benefits (e.g. biodiversity 503 

preservation or climate change adaptation), economic benefits (e.g. food or wood 504 

production) and social benefits (e.g. health and wellbeing). 505 

In this study three types of multifunctional zones were identified by expert 506 

evaluation and by analysis of trade-offs. However, different multifunctional zones could 507 

be identified according to the specific objectives of each plan. Taking as reference the 508 

previous examples, in a climate action plan, multifunctional zones for risk prevention or 509 

carbon storage could be delineated; in a sustainable tourism plan, multifunctional zones 510 

for rural tourism linked to traditional agriculture or for life watchers could be identified. 511 

Liquete et al. (2015) point out the integration of human demand for ecosystem 512 

services as another important challenge. This issue has been addressed in multifunctional 513 

zones for wellbeing of urban population, by considering the proximity of suitable areas 514 

for outdoor activities and other cultural services to population settlements, since 515 

proximity to people contributes to the most evident increase in the service benefit in the 516 

case of the ES related to outdoor recreation (Vallecillo et al., 2018). By contrast, the 517 

demand for food and forest products was considered at a regional level.  In addition, core 518 

areas and corridors were considered as proxies for the demand for certain ecological 519 
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services, and the distance between these zones and urban settlements was used as a spatial 520 

constraint in the GI design.  521 

Division of the GI into several zones enables different management criteria or 522 

guidelines, or even regulations, to be established for each zone. These can then be adapted 523 

to the specific characteristics and the bundle of ESS provided by each area. The 524 

delineation of different zones also facilitates integration of the GI in land use zoning or 525 

spatial plans as different land planning categories. The grouping and weighting of ESS 526 

can be modified in order to achieve different planning objectives and provide different 527 

land categories, so that supporting diverse types of plans or instruments, such as landscape 528 

conservation plans, rural development plans, comprehensive land use plans, biodiversity 529 

conservation strategies, etc. 530 

The methodological approach described in this paper can be applied in other 531 

regions at different scales, from municipal to national or international level, and for 532 

multiple purposes, because it is based on several key issues potentially replicable in any 533 

case: (i) spatial delineation of different buffer and multifunctional zones of the GI, (ii) 534 

definition of multifunctional zones on the basis of a ESS trade-off analysis, (iii) 535 

consideration of different groups of ESS in each multifunctional zone, including 536 

provisioning and cultural services and according to the planning objectives, and (iv) 537 

spatial planning of the different areas of the GI by means of multicriteria evaluation of 538 

the results of ESS assessment. 539 

5. Conclusions 540 

The methodology proposed in this paper for spatial planning of GI is based on the 541 

results of ESS assessment and mapping. The ESS provision potential maps give basic 542 

information for decision-making on spatial planning and land management by locating 543 
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the areas that provide each ES and quantifying these services. The results of ESS 544 

assessment can be applied in multiple land management or planning processes, from 545 

protection of core areas of GI to ecosystem restoration, identification of compatible land 546 

use options, evaluation of current or future land policies, allocation of resources for 547 

environmental protection or restoration, analysis of alternative locations for projects or 548 

activities, etc. 549 

The incorporation of the results of ESS assessment both in spatial planning of GI 550 

and in land management faces numerous challenges due to the complexity of the ES 551 

concept and of the relationships among ESS. Therefore, new global methodologies and 552 

approaches must be developed to facilitate these processes. The proposed methodology 553 

incorporates some aspects recommended as future improvements in previous studies, 554 

such as the consideration of cultural ESS assessment and of the location of demanding 555 

areas for spatial delineation of the GI. In addition, the main contribution of this 556 

methodology is the zoning of different areas of GI. Buffer zones were delineated from 557 

the average provision potential for regulating ESS and defined as being adjacent to core 558 

areas and corridors. The Natura 2000 Network sites were considered core areas and 559 

corridors were identified by experts.  Different types of multifunctional zones were then 560 

identified and delineated from the provision potential of diverse groups of ESS. Different 561 

types of multifunctional zones were defined in order to include the remaining most 562 

important ESS and delineated from the maps of provision potential of some primary ESS 563 

(those most closely related to the functions of each type of multifunctional zone) and 564 

secondary ESS (the remaining ESS without trade-offs with the principal ESS). 565 

The methodology was validated by applying it to the spatial planning of GI in the 566 

region of Galicia at a landscape level. Outcomes of ESS assessment not only provided 567 
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the basis for the spatial planning of GI, but also for identifying land cover and 568 

consequently areas with the highest global ESS provision potential. The resulting GI 569 

includes different zones: core areas, corridors, buffer zones and three types of 570 

multifunctional zones (“sustainable food production”, “well-being of urban population” 571 

and “sustainable exploitation of forest resources”). GI zoning in different areas with 572 

specific, known characteristics enables different guidelines or regulations to be 573 

established for the management of each zone. As each zone supplies different ESS, the 574 

optimal or compatible land uses or activities vary, and specific strategies, plans or 575 

regulations should therefore be designed for the management of each area. In short, GI 576 

zoning enables better, more precise management adapted to the characteristics of each 577 

area and ESS supply. 578 

In the case study, the land use/cover data source (SIOSE) had a great influence on 579 

the results of ESS assessment because of the high incidence of mixed land use categories 580 

in Galicia. The mixed categories had to be reclassified to be used as a proxy of 581 

ecosystems, which implied an increase on the land use/cover classification error. The 582 

Spanish National Geographic Institute is currently working on a new version of SIOSE 583 

with higher spatial resolution and without mixed categories, which will probably allow 584 

to improve the results of ESS assessment. Moreover, future research could develop new 585 

heuristic optimisation techniques specific to GI spatial planning for delineation of GI as 586 

well as to the zoning of different GI areas. This would enable maximization of the 587 

provision of synergic ESS and of the total number of ESS provided by each area. 588 
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