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Table S2 Reference of the eighty-six studies in which the MCDA was applied to issues relating to
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Figure S1. Topics addressed in the MCDA applications and geographic extent of the study area.

Vi



Table S3: Summary of the 86 reviewed articles in which MCDA was applied to issues relating to biodiversity and conservation (See the legend below).
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Supporting zoning in a PA to reduce conflicts between conservation
and tourism, road construction, cultivation, and grazing.

Supporting a process of zoning of a marine PA, considering natural
ecosystems, social demands, and stakeholders' preferences.
Comparing alternative management options for Natura 2000 sites
through participatory approaches (workshops, in-depth interviews,
large scale surveys)

Assessing suitability for ecotourism.

Characterizing the biodiversity level of 104 Natura 2000 sites to
check if a management plan is needed, in addition to the typical
conservation measures.

Comparing options for managing ES in a PA.
Assessing adaptation options to water scarcity in an agricultural

area influenced by a national park.

Identifying priority areas to support the zoning of a marine PA.

Supporting zoning of PAs (a model to be applied to the whole of
China).

Supporting zoning of PA selecting the best zones for conservation.

Comparing alternative scenarios of implementation of a Natura
2000 site.

Applying deliberative evaluation to 5 alternative management
scenario of a national park, eliciting different stakeholders' values at
multiple spatial scales.

Assessing land suitability for crops in PA.

Estimating the level of threat on specific areas (H-6230 and H-7140
polygons in the habitat map).

Evaluating 4 scenarios of ecotourism developments in a
conservation area.

Supporting zoning of a PA.

Spatially identifying marine locations for protection using a reduced
set of criteria.
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Ranking of the alternatives, identification of the highest ranked, and
spatially-explicit comparison of the alternatives (only one among the 5
highest ranked differed from the preferred alternative by more than one
cell).

Selection of the site with the highest relevance for nature conservation
and definition of a strategy for the area.

Combined evaluation of irreplaceability and vulnerability of the additional
sites, and prioritization according to 3 classes (high-high, high-low and
low-high, low-low).

Ranking of national ecosystems based on 4 criteria (representativeness,
habitat loss, exposure to human pressure, species-level ecosystem
attribute). Identification of 26 critical ecosystems, clustered in 6 priority
regions. Definition of an ecosystem-level conservation priority for the
country and discussion of the effectiveness of the current conservation
policies.

Suitability map for preservation in the park and new zoning proposal,
completely different from the old zoning based on expert knowledge
alone.

3 partial suitability maps according to the 3 objectives and 3 overall
suitability maps, leading to a zoning proposal.

Ranking of alternative management options, plus a dendrogram of
coalition formation provided.

Map of land suitability for ecotourism development, aggregated into 4
classes: Restricted area, Fairly, Moderately, and Highly suitable.

Ranking of N2000 sites based on their biodiversity value. (Hence, an
assessment of the potential to set up of an ecological network).

Ranking of 4 management scenarios (generated by stakeholders in a
participatory workshop) based on impact on relevant ES.

Ranking of 8 adaptation strategies under two water scarcity scenarios.

Maps of the priority areas for different MPA objectives. Maps combined
by simple overlap, using different weights to represent zoning proposal
under 4 perspectives.

3 suitability maps (nature conservation, recreation and tourism, and
community development), and an overall suitability map, later classified
into management zones.

4 suitability maps (conservation, recreation, rehabilitation, and cultural
activities), used as input of MOLA to select best zones for conservation.

Ranking of 3 scenarios based on the impact on a set of ES (MCDA) and on
stakeholders’ preference (social evaluation).

Pre and post-deliberative expected value of 5 alternative management
scenarios, based on 6 criteria and at 3 spatial scales.

Map of land suitability for cropland in PA and overlap with recent land-
use map to analyse the spatial matching.

Estimation of threats and prescription of a management strategy (e.g. no
interventions, long-term monitoring, delimitation using mobile electric
fences, construction of woody fences etc.).

Evaluation of scenarios according to different local and international
experts’ perspectives.

Map of suitability for priority zones, aggregated into the previously
identified land unit polygons. Then, assignation of a protection level to
each land unit through a multi-objective land allocation procedure.

Partial and overall suitability maps (biodiversity and fisheries), used as
input for a multi-objective space allocation analysis, to assign 30% of the
area to MPA and 70% to fisheries.
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(Boteva et al., 2004)

(Groselj et al., 2015)

(Fernandez and Morales, 2016)

(Suryabhagavan et al., 2016)

(Derak and Cortina, 2014)

(Lin et al., 2014)

(Uribe et al., 2014)

(Jactel et al., 2012)

(Rantala et al., 2012)

(Jalilova et al., 2012)

(Schwenk et al., 2012)

(Nordstrom et al., 2011)

(Pasqualini et al., 2011)

(Reubens et al., 2011)

(Mustajoki et al., 2011)

(lanni and Geneletti, 2010)
(Orsi and Geneletti, 2010)

(Orsi and Geneletti, 2010)

(Kint et al., 2009)

(Bricefio-Elizondo et al., 2008)

(Furstenau et al., 2007)
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Evaluating the conservation significance of each community type
within a Natura 2000 site, and selecting priority areas and habitats
for management and conservation.

Assessing scenarios/strategies to sustainability in forest
management, building on the results of a participatory SWOT
analysis.

Identifying potential areas for restoration of threatened endemic
tree species, at regional scale and accounting for future climatic
change.

Assessing fire susceptibility of forest areas (in Ethiopia)

Comparing provision of ES in planted (with Aleppo pine) versus
unplanted areas

Developing a spatial targeting strategy for REDD+ projects (in
Tanzania).

Assessing land suitability for forest restoration, reflecting the
preference of different stakeholders.

Comparing forest management alternatives (FMA) for European
forests in relation to multiple risk factors.

Assessing the sustainability (socio-cultural impacts) of
developmental forest resource management projects (in Finland).

Evaluating Sustainable Forest Management (SFM) strategies.

Evaluating (simulated) forest management alternatives.

Selecting place-, and time-specific treatments for forest
management maximizing stakeholders' objectives.

Evaluating values and risks of (P. pinaster) forest to support fire and
phytosanitary management (in Corsica).

Supporting multi-purpose woody species selection for restoration in
dryland regions.

Addressing controversy between forest management options,
supporting stakeholders’ learning and increasing overall
understanding.

Selecting forest restoration priorities, combining stakeholder
analysis and participatory MCDA

Identifying reforestation priority sites for the design of landscape-
scale reforestation options.

Comparing restoration options identified with a previous SMCA,
considering ecological and socioeconomic criteria

Comparing simulations of forest conversion scenarios (based on
different conversion strategies and conversion regimes)

Assessing the utility of different multi-objective stand treatment
programs (STP) under 3 different climate scenarios (100 years).

Evaluating the overall utility of forest management alternatives at
the forest management unit level with regard to multi-purpose and
multi-user settings
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Identification of 3 community types within the site as areas with the
highest conservation value.

Ranking of the 6 scenarios/strategies

Maps with priority areas for restoration for 2 species and 3 climate
scenarios.

Map of fire risk aggregated into 4 categories.

Ranking of 5 land units (1 planted + 4 unplanted) based on their total
provision of ES.

2 suitability maps for REDD+ projects according to 2 overall objectives:
“efficient targeting” & “co-benefit targeting”. Identification of “no-
regret” areas through an overlap of the 2 maps.

5 maps of forest landscape restoration priorities, one for each
stakeholder group and one combining all the groups. Design of
restoration options by selecting the best pixels from the suitability maps.

A complete ranking of 4 FMAs according to their impact on biotic and
abiotic risks (for 5 main hazards in 8 EU case studies).

Quantification of socio-cultural impacts of developmental forest resource
management projects in 7 case studies considering separately
stakeholder weights.

Participatory development of 7 criteria and 45 indicators, and ranking of
4 management strategies according to various stakeholders’
perspectives.

Evaluation of 4 forest management alternatives based on the tradeoffs
between ES for the given management strategy and on the change in ES
between the 4 management strategies.

Ranking of the 3 alternative forest management plans. (The highest-
ranking plan later adopted by the municipality and the forest owners).

2 maps of priority areas for managing fire and phytosanitary risks, based
on maps of forest values (land cover; legislative tools; tourist sites and
access routes; and wood sales).

Multi-criteria species selection analysis for two alternative scenarios
(private planting and gully rehabilitation).

Ranking of 5 alternatives (without aggregation of opinions).

Ranking of 10 alternative areas for restoration and identification of the 2
highest scoring areas.

2 suitability maps, used to design 24 restoration options

Ranking of 14 reforestation options 2 options performed significantly
better than the other ones under any perspective)

Overall utility of 12 different scenarios, comparison of different
conversion strategies with respect to productivity and biodiversity, and
identification of the optimal strategy.

Mean utility value for the different STP under the different climate
scenarios. Probability of 1st rank as indicator of preferentiality for
treatments

Identification of the "best" management strategy among the analysed
alternatives.
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(Van Der Horst and Gimona, 2005)

(Van Elegem et al., 2002)

(Cordingley et al., 2016)

(Datta and Kumar Ghosh, 2015)

(Hodder et al., 2014)

(Janssen et al., 2014)

(Forsyth et al., 2012)

(O’Connor et al., 2010)

(Garcia-Marmolejo et al., 2008)

(Oliver et al., 2007)

(Rohde et al., 2006)

(Redpath et al., 2004)

(Riccioli et al., 2016)

(Gilci and Akay, 2015)

(Comino et al., 2014)

(Orsietal., 2013)

(Momeni Dehaghi et al., 2013)

(Carver et al., 2012)

(Geneletti, 2008)

(Karlson et al., 2016).

(Karlson et al., 2016).

(Marre et al., 2016)
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Turkey.

Italy

Italy

Iran

UK

Italy

Sweden

Sweden

Australia

Identifying broad areas where planting would or would not be
advisable

Assessing suitability and feasibility of areas for urban forestation.

Comparing future scenarios resulting from different landscape
management types with respect to their relative effectiveness in
providing biodiversity benefits and a set of ES.

Comparing community-based management scenarios of wetlands.

Assessing the effectiveness of landscape-scale conservation
interventions, considering the impact on ES (in 5 case studies).

Comparing alternative management options of a non-indigenous,
commercially valuable fish species (in Turkey and Bulgaria).

Prioritizing sub-catchments with respect to invasive alien plant
control initiatives.

Assessing relative impact of different grazing systems on grassland
biodiversity integrity (in South Africa).

Evaluating performance and sustainability of 6 Management Units
for Conservation and Sustainable Use of Wildlife (UMA).

Determining a practical and defensible minimum set of ecosystem
attributes to form the basis of natural variability benchmarks for
site-based measurement and monitoring of terrestrial vegetation
condition.

Identifying stream systems where present environmental (e.g.

natural flow, sufficient bed load material) and socio-economic (e.g.

public attitude) conditions favour the eco-morphological
restoration of floodplains.

Exploring management options to reduce human-wildlife conflicts.

Identifying areas with high biodiversity value to assess the
effectiveness of existing environmental policies.

Assessing habitat suitability for roe deer.

Highlighting the most important zones for environmental quality
preservation, based on their naturalness value.

Mapping wilderness in PA (to validate wilderness maps prepared
using unsupervised classification).

Determining habitat suitability for protecting hoofed ungulates.

Mapping and modelling wildness in 2 national parks.

Mapping and assessing biodiversity assets.

Assessing geological and ecological suitability for railway corridors.

Comparing alternative railway corridor, considering ecological and
geological criteria, within 3 different perspectives

Assessing impact of large-scale coastal developments.
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Maps of the "Aggregate potential biodiversity score" based on different
threshold values, representing different perspectives.

First selection of 4 out of 11 sites based on suitability criteria and final
selection of the 2 highest scoring based on feasibility criteria.

Ranking of scenarios (year 2032) considering different weights and
discussion of the sensitivity to the selected weights.

Ranking of 6 alternative wetlands utilization strategies.

Individual and total values of 6 to 8 ES before and after the landscape-
scale conservation interventions, used for a trade-off analysis.

Ranking of 6 management alternatives of a non-indigenous specie
considering stakeholders input from 2 case studies.

Prioritization of 309 sub-catchments in 6 primary catchments, for invasive
alien plant control, based on criteria defined by stakeholders

Ranking of 8 alternative grazing systems.

Spidergrams illustrating the evaluation of each UMA according to 5
thematic areas and a spidergram comparing the 6 UMAs according to the
economic, environmental, social, and legislative thematic areas.

A minimum set of landscape and vegetation condition attributes criteria
with AHP structure and weights (selected based on their high importance
and high feasibility).

Map of ecological suitability of river systems combined with public
attitudes toward environmental projects.

Evaluation of seven different management options according to 2
“opposing” stakeholder groups perspectives.

Map of areas of high biodiversity value, and comparison with existing
regional and national PAs.

A map of habitat suitability for roe deer, used in LCP analysis to identify
movement corridors, to check their interference with a motorway, and
find optimum solutions for eco-passages.

A “naturalness map” and a “pressures map” then combined using
different weights to represent different perspectives.

Maps of the wildness gradient, aggregated into 3 classes.

Maps of habitat suitability for 4 selected ungulates, used as inputs for
Marxan).

Maps of the 4 criteria (Naturalness; Remoteness; Absence of artefacts;
Ruggedness) and aggregated maps of wilderness values with 2 sets of
weights (equal or residents’ weights). Example of wideness map
aggregated in a 3-class typology (core, buffer, and periphery) to support
planning of the 2 parks.

Maps of warning levels related to 6 biodiversity themes (relating to
animal, and plant species, and 4 different alpine ecosystems)

3 overall suitability maps, representing "ecological", "geological", and
"neutral" perspectives. (Input for designing 6 railway corridors with LCP.

Ranking of 6 alternative corridors (representing different perspectives),
based on 5 ecological and geological criteria + sensitivity analysis

A hierarchical framework for assessing impact of large-scale marine
developments. Information preference of different stakeholders through
a national survey; followed by a cluster analysis
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prices).

Determining the suitability of farms (located within a PA) to be

80 (Ferretti and Comino, 2015) Italy L . 1 2 3 B] MAVT
recovered for touristic purposes.

81 (Stoms et al,, 2013) USA R Identifying areas of low potential conservation as suitable for solar 0 0 2 1 Ad hoc rule
energy development.

82 (Alinejad-rokny, 2011) Iran L Selecting plant species for mine reclamation. 1 0 0 3 AHP + TOPSIS

. . Ranking a set of cultivation scenarios according to their relative
83 . P . R
(Reig et al., 2010) Spain L sustainability (composite sustainability indicator), an ANP structure. 2 2 0 4 ANP

84 (Snep et al., 2009) Netherlands R Analysing scenarios for enhancing biodiversity at business sites. 2 1 2 4 WCL

5 (Svoray et al., 2005) Jsrael L Asse.ss.lng land suitability for urban development in an ecologically o o 5 3% weL
sensitive zone.
Exploring weighting of ES provided by a World Heritage Area from

86 (Curtis, 2004) Australia R different perspectives (for economic valuation using shadow 0 0 2 1 MAVT

3;6
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Ranking of 10 farms based on criteria and weights assigned by a group of
experts, with a detailed discussion of the standardization methods.

Suitability map for solar energy development based on high "On-Site
Degradation" and "Off-Site Impact” scores, and identification of "no
regret" areas.

Ranking of 6 alternative plant species, using two different MCDA
methods: fuzzy AHP and TOPIS.

Ranking of the 3 alternative cultivation systems, ranking/weighting of the
selected criteria, and exploration of 3 different perspectives (economic,
socio-cultural, and environmental).

Ranking of scenarios in terms of stakeholders’ preferences.

Suitability maps for 4 competing land uses (forest, industry, residence,
natural reserve) and a related zoning proposal.

Weighting of 20 ES from three different perspectives + an overall
weighting.

LEGEND

STAGE 1: Decision context and structuring

Objectives cluster

Prioritization/planning of conservation
Management/zoning of protected areas
Management/restoration of forest
Management/restoration of other ecosystems
Mapping of biodiversity, naturalness, or wilderness
Other

Alternatives identification

0 = No, no pre-defined alternatives;

1 = Yes. Alternatives are already existing;

2 = Yes. Alternatives are identified/designed during the study solely by the authors;

3 = Yes. Alternatives are defined/designed during the study, with input from stakeholders

STAGE 2: Analysis

Criteria Assessment

0 = Not described/not performed;

1 = Assessment performed by the authors without providing justification;
2 = Assessment performed by the authors with justification;

3 = Assessment performed based on input from experts or stakeholders;

STAGE 3: Decision

Criteria Assessment

0 = Overall alternative ranking or suitability;

1 = Partial ranking or suitability according to specific criterion included
2 = Multiple ranking or suitability according to different perspectives;
3 = Analysis and clustering of preference/stakeholders;

Geographic extent

Local extent = less than 500 Km?

Regional extent: between 500 Km? and 250.000 Km?
National extent = between 250.000 Km? and 1.500.000 Km?
Continental extent = above 1.500.000 Km?.

Criteria formulation

0 = Formulated by the authors;

1 = Formulated with input from other experts;

2 = Formulated with input from stakeholders (if applicable, specify technique)
3 = Formulated with input from the public (e.g. national survey).

Weighting

0 = Not mentioned/not performed;

1 = Weighting performed by the authors;

2 = Weighting performed by the authors through multiple weight sets that simulate different
perspectives;

3 = Weighting performed by involving experts or representatives of stakeholders;

4 = Multiple weighting performed by involving experts or representatives of stakeholders;

XI

Sensitivity analysis

0 = Not mentioned/nor performed;

1 = By changing weights (if applicable, specify the technique adopted);
2 = By changing scores;

3 = By changing criteria assessment method;
4 = By changing criteria aggregation rule;

By performing two of the above analyses




