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I 
 

Abstract 

 

Climate change has been influencing climatic patterns globally and an increase 

of its magnitude is predicted. Also, at more regional scales, several socio-economic 

factors have encouraged land-use and land cover (LULC) changes in the past few 

decades, such as land abandonment largely documented in many mountain regions of 

the Iberian Peninsula. To take advantage of this current trend, rewilding, a natural 

succession process of natural regeneration aided by passive management, has been 

suggested as an opportunity for nature conservation. However, the landscape 

composition and structure changes triggered by land abandonment increased the 

severity of the fire regime, fostering the need for fire-smart land management, which 

intends to sustainably increase landscape fire-resilience and fire-resistance through 

fuel control. Studies considering both factors in biodiversity scenarios are still lacking, 

despite their potential complex and interacting effects. In this study, we aimed to 

explore the impact of fire-smart management on biodiversity under rural abandonment 

and climate change scenarios in the Meseta Ibérica Transboundary Biosphere 

Reserve. Our results suggest a negative impact of climate change for approximately 

53% (RCP 4.5) and 58% (RCP 8.5) of the species, and of the combined factors for 

approximately 59% (RCP 4.5) and 63% (RCP 8.5), which suggests synergic effects. 

Additionally, we found different responses according to bioclimatic affinities and we 

predict that for bird species, those under legal protection should suffer the greatest 

losses when considering climate change and the combined effects. The rewilding 

scenarios would support the best outcomes for biodiversity conservation overall, 

although fire-smart management also seems to benefit some groups of species, such 

as some endemic reptiles and near-threatened forest bird species without legal 

protection. Alternative management scenarios, that reconcile agriculture and 

agroforestry expansion with rewilding initiatives should also be explored. Our results 

highlight the need to consider the combined effect of multiple drivers of change to 

accurately predict species distribution trends.  

Keywords: Climate Change, Land Abandonment, Rewilding, Fire-smart Landscape 

Management, Landscape Scenarios, InVEST, Species Distribution Models, Meseta 

Ibérica Transboundary Biosphere Reserve, Biodiversity, Conservation. 
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Resumo  

As alterações climáticas têm vindo a influenciar padrões climáticos a nível 

global e vários estudos prevêem um aumento da sua magnitude. Além disso, 

considerando escalas mais regionais, nas últimas décadas diferentes fatores socio-

económicos traduziram-se em alterações do uso e cobertura do solo na Península 

Ibérica, nomeadamente abandono rural, amplamente documentado em regiões de 

montanha. Aproveitando esta tendência, o rewilding, um processo de sucessão natural 

com a assistência de gestão passiva, tem sido sugerido como uma oportunidade para 

a conservação da biodiversidade. No entanto, as alterações na composição e estrutura 

da paisagem provocadas pelo abandono aumentaram a severidade do regime do fogo, 

fomentando a necessidade de práticas de gestão de paisagem fire-smart, que 

pretendem aumentar a resiliência e resistência da paisagem ao fogo de forma 

sustentável, através do controlo de combustível na paisagem. Apesar dos potenciais 

efeitos complexos e interativos das alterações climáticas e das alterações de uso e 

cobertura do solo na biodiversidade, estudos que consideram ambos os fatores em 

previsões de impactos na mesma são ainda escassos. Neste estudo pretendemos 

explorar os impactos da gestão de paisagem fire-smart na biodiversidade sob cenários 

de abandono rural e de alterações climáticas, na Reserva da Biosfera Transfronteiriça 

Meseta Ibérica. Os nossos resultados prevêem um efeito negativo das alterações 

climáticas para 53% (RCP 4.5) e 58% (RCP 8.5) das espécies e um efeito combinado 

negativo para 59% (RCP 4.5) e 63% (RCP 8.5), o que sugere efeitos sinérgicos. Além 

disso, foram encontrados efeitos diferenciados de acordo com as afinidades 

bioclimáticas e prevê-se que, das espécies de aves, aquelas sob proteção legal 

deverão ser as mais prejudicadas considerando os efeitos das alterações climáticas e 

os efeitos combinados. Os cenários de rewilding aparentam ser os mais promissores 

para a conservação da biodiversidade no geral, embora se preveja que os cenários de 

gestão fire-smart também beneficiem certos grupos de espécies como por exemplo 

alguns répteis endémicos e espécies de aves quase ameaçadas de habitats florestais 

sem estatuto de proteção legal. Cenários alternativos, que integrem a expansão de 

áreas agrícolas e agroflorestais com iniciativas de rewilding devem ser explorados. Os 

nossos resultados sublinham a necessidade de considerar o efeito de múltiplos fatores 

de mudança para prever com precisão a distribuição das espécies.  

Palavras-chave: Alterações Climáticas, Abandono de Terreno, Rewilding, Gestão de 

Paisagem Fire-smart, Cenários de Paisagem, InVEST, Modelos de Distribuição das 

Espécies, Reserva da Biosfera Transfronteiriça Meseta Ibérica, Biodiversidade, 

Conservação. 
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Introduction 

 

In the past few decades, global temperature and precipitation patterns have 

been shifting due to climate change (Giannakopoulos et al. 2009, Sohoulande Djebou 

and Singh 2016, Sippel et al. 2020). The Intergovernmental Panel on Climate Change 

(IPCC) predicts an increase in the number of heat waves and in the duration of the 

drought periods for 2071-2100 when comparing to the period of 1971-2000 (IPCC 

2014). In addition, land-use and land cover (LULC) changes are having a great impact 

on the ecosystem structure and composition at the landscape level across the globe 

(Azevedo et al. 2011, Sil et al. 2019). Particularly, mountain regions of the Iberian 

Peninsula have been largely affected by the abandonment of agricultural fields 

(Azevedo 2012, Renwick et al. 2013, Sil et al. 2017), motivated by socio-economic 

drivers such as low productivity and aging of the population (due to migration to urban 

areas), the afforestation of abandoned lands and unsustainable rural development 

(Azevedo et al. 2011, Navarro and Pereira 2012, Beilin et al. 2014, Rodríguez-

Rodríguez et al. 2019).  

 The current land abandonment trends have led researchers to seek for land 

management solutions that may counteract or take advantage of these tendencies.  

For instance, some authors have suggested rewilding as an opportunity for nature 

conservation in areas no longer viable from a socioeconomic point of view. Rewilding 

has been defined as “a natural succession process aided by passive management of 

habitat regeneration, with the goal of reducing human control and restoring natural 

ecosystem processes” (see Gillson et al. 2011, Navarro and Pereira 2012). In the 

Iberian Peninsula, land abandonment has led to an increase in forest and shrubland 

areas, with potential positive impacts on biodiversity (Navarro and Pereira 2012, Regos 

et al. 2016b). Rewilding stands as a management opportunity by taking advantage of 

current land abandonment, which might favour many species, such as forest-dwelling 

birds (Regos et al. 2016b) and large mammals (e.g. wild boars, deer and wolves; 

Navarro and Pereira, 2012). Nonetheless, land abandonment can either favour or 

threaten early successional species, due to the increase or decrease of their habitat 

through natural succession, depending on the initial type of vegetation (Regos et al. 

2016b). For example, bird species that depend on open-habitats (e.g. grassland and 

pastures) may become threatened if the conversion from shrubland to forest dominates 

over processes such as wildfires, that return habitats to earlier successional stages of 

vegetation (Regos et al. 2016b, 2018b, Salaverri et al. 2019, Traba and Morales 2019). 
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However, species response to land-use change may be related to the their climatic 

preferences (Barnagaud et al. 2013), due to complex interactions between climate and 

land-use change that may lead to synergistic, addictive, or antagonistic effects (Oliver 

and Morecroft 2014, Regos et al. 2018a, Peters et al. 2019). For example, open-habitat 

bird species are predicted to be disfavoured due to land abandonment, but may benefit 

from climate change since they are often warm-dwelling (Regos et al. 2016a). On the 

contrary, forest bird communities, that are expected to be favoured by land 

abandonment, may be instead threatened by climate change, since they are dominated 

by cold-dwelling species (Regos et al. 2018a). In addition, land abandonment has been 

found to have a positive effect on the climate regulation ecosystem service, by 

promoting carbon sequestration and storage (Sil et al. 2017), but also negative impacts 

on other ecosystem services such as Fire Regulation Capacity (FRC; i.e. the capacity 

of ecosystems to maintain natural fire frequency and intensity, see de Guenni et al. 

2005, Sil et al. 2019).  

Fire is an ecological process that plays a critical role in driving landscape and 

ecosystem dynamics in the Mediterranean region (Fernandes et al. 2013, McLauchlan 

et al. 2020). The local changes in the composition and structure of the landscape due 

to land abandonment have increased fuel load, homogeneity and connectivity, 

eventually leading to more flammable landscapes in the Mediterranean region (Moreira 

et al. 2011, Fernandes 2013). Therefore, and despite the potential benefits of rewilding 

for biodiversity and ecosystem services, rewilding initiatives could be challenged by 

increased fire risk and severity associated with these land abandonment processes in 

the Iberian Peninsula (Frey et al. 2016, Jarzyna et al. 2016, Betts et al. 2018, De 

Frenne et al. 2019). Large and high-intensity fires are responsible for great economic, 

social and environmental damages (Fernandes et al. 2013, Turco et al. 2018). The 

year of 2017 was particularly damaging in the Iberian Peninsula. For instance, wildfires 

affected more than 440,000 ha of area in Portugal, an increase of 438% comparatively 

to the previous 10 years (ICNF 2017). Wildfire damage has been also exacerbated by 

climate change (Tedim et al. 2013), an effect that is expected to increase in the next 

decades due to an increasing fuel flammability and occurrence of adverse climatic 

conditions that foster wildfire ignition and spread (Turco et al. 2018, Sil et al. 2019). In 

addition, frequent fire occurrence in the landscape often promotes fire-prone 

vegetation, ultimately leading to positive feedbacks (McLauchlan et al. 2020). 

 In this context, fire-smart landscape management emerged as a sustainable 

strategy to control fire regime by decreasing ignition likelihood and delaying fire spread 
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(see Fernandes 2013 and reference therein) and are already considered by the 

European Commission an essential tool to address forest fires (Rego et al. 2018). In 

practice, fire-smart landscapes can be achieved through fuel-reduction and fuel-

conversion treatments by promoting less flammable (fire-resistant) and/or more 

resistant (fire-resilient) land cover types and a higher landscape diversity (Fernandes 

2013, Pais et. al 2020). In Portugal fuel management strategies and heterogeneity 

promoting measures are already being implemented as part of the “20-30 National Plan 

for Integrated Wildland Fire Management” (AGIR, 2020). Fire-smart landscape 

management has the potential to be an important fire-preventive solution to mitigate 

the increasing fire hazard and risk driven by climate change and land abandonment. 

This approach intends to sustainably manage land in a planned, proactive manner, 

minimizing the socio-economic impacts of fire while maximizing its ecological benefits 

(Hirsch et al. 2001). Therefore, analysing the effects of fire-smart landscape 

management policies not only on fire regime but also on biodiversity and possible 

trade-offs between them is essential for a successful implementation of such policies 

(Hirsch et al. 2001, Regos et al 2018). 

  Species distribution models (SDMs) are an important tool for the development 

of more effective management and conservation strategies for biodiversity (Guisan and 

Zimmermann 2000, Araújo and New 2007, Thuiller et al. 2009). These models intend to 

statistically quantify or theoretically derive the relation between the geographical 

species occurrence and environmental predictor variables, that can then be used to 

make temporal and spatial projections of species distribution under different scenarios 

(Guisan and Zimmermann 2000, Araújo and New 2007, Guisan et al. 2017). In order to 

efficiently support and enhance biodiversity conservation, the combined effect of LULC 

and climate change must be taken into account in order to accurately predict the 

effects of future environmental conditions on species distribution  (Jarzyna et al. 2016, 

Titeux et al. 2016, 2017, Joffre et al. 2018, Triviño et al. 2018, Pausas and Millán 

2019). Nevertheless, it has been reported that land-use change is being neglected or 

over-simplified on modelling approaches, that in consequence have limited predictive 

power as they disregard the impact of land-use in habitat suitability (Martins et al. 2014, 

Jarzyna et al. 2016, Sirami et al. 2017, Titeux et al. 2017, Joffre et al. 2018). Still, 

previous studies have already found different effects of  land-use change and climate 

change on biodiversity (Alves et al. 2019), different spatial patterns of biodiversity loss 

with both factors (Newbold 2018) and synergistic and opposing effects of these drivers 

(Fox et al. 2014, Smith et al. 2016, Northrup et al. 2019). 
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  In this study, we aimed to explore the impact of rewilding and fire-smart 

landscape management scenarios on biodiversity under rural abandoment and climate 

change scenarios. To do so, we predicted the individual and combined impact of 

climate change and landscape management on biodiversity under these contrasting 

land-use policies. First, we developed landscape scenarios according to future 

landscape tendencies under rewilding and fire-smart scenarios in the Meseta Ibérica. 

Then, we investigated the effects of climate change and land-use policy scenarios on 

biodiversity (168 birds, 24 reptiles and 15 amphibians) over the next decades in the 

Meseta Ibérica Transboundary Biosphere Reserve. In particular, species distribution 

models were calibrated at Iberian scale using an extensive dataset of species 

occurrence. The Iberian models were then projected onto the Meseta Iberia under four 

different landscape scenarios and two Representative Concentration Pathway (RCP) 

scenarios (RCP 4.5 and RCP 8.5) of four climate models. The impacts were evaluated 

at species level and then grouped by 1) species traits (namely, Iberian endemicity and 

climatic and habitat preference) and 2) the International Union for Conservation of 

Nature (IUCN) conservation status.  
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Methodology 

Study area: The Meseta Ibérica Transboundary Biosphere Reserve 

This research was conducted in the Meseta Ibérica Transboundary Biosphere 

Reserve [designated in 2015 (Trillo Santamaría and Paül Carril 2018)], located 

between northeast of Portugal (district of Bragança) and northwest of Spain (provinces 

of Zamora and Salamanca; see Fig. 1; UNESCO - United Nations Organization for 

Education Science and Culture Organization 2020). The reserve encompasses a total 

of 1.132.607 ha. It is a very important region for conservation as it encompasses four 

Natural Parks (the Montesinho Natural Park; the Lake of Sanabria and Alredores 

Natural Park; the International Douro Natural Park and the Arribes del Duero Natural 

Park; Fig. 1), the natural reserve Lagunas de Villafáfila, the protected landscape of the 

Azibo Dam atural reserves and 23 Natura 2000 Network sites (in Portugal- Douro 

Internacional, Minas de Sto. Adrião, Montesinho-Nogueira, Morais, Rios Sabor e 

Maçãs, Romeu, Samil; in Spain- Lagunas de Villafáfila y alredores, Sierra de la 

Culebra, Arribes del Duero, Lago de Sanabria y alreadores, Campo de Aliste, Cañones 

del Duero, Lagunas de Tera y Vidriales, Riberas de los Ríos Huebra, Yeltes, Uces y 

afluentes, Riberas del Río Águeda, Riberas del Río Aliste y afluentes, Riberas del Río 

Duero y afluentes, Riberas del Río Tera y afluentes, Riberas del Río Tuela y afluentes, 

Tejadelo, Riberas del Río Esla y afluentes, Riberas del Río Manzanas y afluentes; 

AECT ZASNET 2019. 

The reserve comprises a large altitudinal range, between 71m to 2101m above 

sea level, with an average of 823m (UNESCO 2020). Although the area covers a wide 

range of climatic conditions, in the three main cities of the region, between 1981 and 

2010, the annual mean temperature and the annual mean precipitation were, 

respectively, 13.1º and 379 mm at Zamora (AEMet, 2020); 12.2º and 372mm at 

Salamanca (AEMet, 2020) and 12.7º and 772.8 mm at Bragança (Gonçalves; et al. 

2012). 

The landscape is diverse and includes shrubland, permanent pastures, forest 

areas, agricultural lands and urban areas (Sil et al. 2017, AECT ZASNET 2019). The 

most abundant forests are dominated by plantations of maritime pine (Pinus pinaster), 

the pyrenean oak (Quercus pyrenaica), and the holm oak (Quercus ilex; Ceballos-

Barbancho et al. 2008, Azevedo 2012, Sil et al. 2017). Agroforestry systems of sweet 

chestnut tree (Castanea sativa) are also well represented in the area (Gouveia et al. 
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2016, Sil et al. 2017) and along the banks of rivers, the alder (Albus glutinosa), willow 

trees (Salix spp.), ash (Fraxinus spp.) and poplars (Populus spp.) are the most 

characteristic species (Azevedo 2012, Sil et al. 2017). Heather (Erica spp.), broom 

(Cystisus spp.) and rockrose (Cistus spp.) are the main characteristic species of the 

local scrub communities (Sil et al. 2017). 

 

Figure 2: Map of the study area, the Meseta Ibérica Transboundary Biosphere Reserve. The 

four Natural Parks within the Reserve are delimited by yellow lines. 

There is a total of about 302,627 inhabitants in the area, characterized by a 

mean population density of 14 inhabitants/km2 (AECT ZASNET 2019). The reserve 

has been subjected to a rapid and significant demographic change in the past decades, 

mainly due to depopulation, population ageing and industrial decline, resulting in land 

abandonment (Moreira et al. 2008, Sil et al. 2016, UNESCO 2020)  

The Meseta Ibérica is within the biodiversity hotspot of the “Mediterranean 

Basin” (Myers et al. 2000), being one of the most important areas for wildlife in both 

countries and even in Europe since the reserve comprises about 250 species of 
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vertebrates and a high diversity of invertebrates (UNESCO 2020).  It harbours several 

taxa of conservation concern, such as the black stork (Ciconia nigra), the Bonelli’s 

eagle (Aquila fasciata), the Egyptian vulture (Neophron pernocterus), the Iberian wolf 

(Canis lupus signatus) and the Seoane’s viper (Viper seoanei; UNESCO 2020). 

 

Conceptual modelling framework 

Potential changes in habitat suitability for biodiversity in the study area, between 

2018 and 2050, were estimated using a hierarchical approach that integrated 

landscape management and climate scenarios at different scales (local and regional) in 

the same modelling framework. The SDMs were first calibrated at 10-km resolution at 

the Iberian Peninsula scale and then projected onto the Meseta Ibérica at 1-km spatial 

resolution, under contemporary (1989-2005 for climate models and 2006 for land cover 

models) and future (2021-2050 for climate models and 2050 for land cover models) 

conditions scenarios. Then, the land cover and climate projections for each species 

were integrated to predict the combined effect of both drivers in species distribution  for 

historical (1989-2005) and future (2021-2050) periods. 

 

The scenario generator model 

The Scenario Generator: Rule Based in the InVEST (Integrated Valuation of 

Ecosystem Services and Tradeoffs) model (Nelson et al. 2018) was used to generate 

four different scenarios of landscape management in the Meseta Ibérica: Afforestation 

(Rewild1), Business-as-usual (BAU/Rewild2); Farmland Return (FireSmart1) and 

Firesmart (FireSmart2). The Scenario Generator Rule Based generates maps that 

depict alternative future land cover by working on the principle that change on land 

occur in areas that are relatively more suitable and combining stakeholder input of 

transition likelihood with physical factors that determine suitability (Nelson et al. 2018).   

The LULC CORINE Land Cover (Coordination of Information on the 

Environment Land Cover- CLC) Version 20 data for 2018 (European Environmental 

Agency, 2019; available at: https://land.copernicus.eu/pan-european/corine-land-

cover/clc2018?tab=download) at 100m of resolution (obtained from Sentinel-2, and 

Landsat-8 for gap filling) was fed to Scenario Generator Rule Based as initial land 

cover. To obtain a quantitative base for the development of the scenarios, the main 
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trends of evolution of the landscape were identified for five time periods (1990-2018; 

1990-2000; 2000-2006; 2006-2012 and 2012-2018, available at:  

https://land.copernicus.eu/pan-european/corine-land-cover) and land cover transitions 

from different time periods were chosen according to the storylines for the scenarios. 

Furthermore, the transition likelihood matrix (that determines the spatial suitability of 

pixel allocation between specific land cover classes) was combined with information 

about physical and environmental factors that constraint land-cover conversion (e.g. 

altitude, proximity to streams, aspect, slope and proximity to urban areas) in the 

InVEST Scenario Generator Rule Based module to simulate the allocation of LULC 

changes in the landscape. 

 

Land management scenarios 

Four different scenarios of landscape management for the Meseta Ibérica were 

designed based on the ones developed by Sil et al. (2017), according to the storylines 

described in Table 1. All scenarios were based in past land-use tendencies for the 

study area, in different time periods. The Afforestation scenario intended to simulate a 

an increase in afforestation initiatives, mainly of coniferous trees due to the increasing 

demand of timber and biofuel production, while also predicting the long term result of 

the land abandonment trend observed in the region and consequent rewilding 

processes occurring in early successional vegetation communities (it includes the 

decrease of shrubland areas by conversion into deciduous forests due to natural 

succession processes). The Business-as-usual scenario resulted from extending the 

land conversion tendencies that occurred between 1990 and 2018 in the study area to 

2050, that were marked by rewilding due to land abandonment and consequent natural 

succession processes (Azevedo 2012, Renwick et al. 2013, Sil et al. 2017). On the 

Farmland Return and Firesmart scenarios, emphasis was given to increasing the fire-

resistance and fire-resilience of the landscape by addressing the fuel component, using 

fire-smart land management (Hirsch et al. 2001, Fernandes 2013). On the Farmland 

Return scenario, the farmland and pasture area was increased, based on the trend of 

the Agro-pastoral class in the time period of 2006-2012. To further decrease fire risk 

and severity, in the FireSmart scenario, alongside the same trends as in the previous 

scenario, the agroforestry area was strongly benefited, increasing the total area of less 

flammable vegetation and decreasing fuel connectivity (Moreira and Pe’er 2018). 

 

Table 1. Scenario storyline description and corresponding landscape trends. 
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Name  

Storyline description 
Landscape trends 

Afforestation (Rewild1) It envisages a landscape resulting from the 
implementation of afforestation plans as the main 

landscape driver due to increasing wood 
production and/or bioenergy demand, based on a 
similar tendency in the region from 1990 to 2000, 
combined with long-term natural succesion 
processes in abandoned land. 

- Strong increase in coniferous areas by 
the conversion of semi-natural areas 

(shrubland and grassland, Appendix A). 
- Moderate increase of 

deciduous/broadleaf species due to 
natural succession processes from 
shrubland (Appendix A). 

Business-as-usual 

(BAU/Rewild2) 

It forecasts a future landscape that followed the 
historical LULC change tendencies (1990-2018) for 

that region, dominated by land abandonment 
(Azevedo et al. 2011). 

- Strong decrease of agroforestry 
activities and forest area (coniferous, 
deciduous and mixed) and moderate 
decrease of agriculture (Appendix A). 

- Strong increase of seminatural areas 
(shrubland and natural grassland) due 
to natural succession processes 
(Appendix A). 
 

Farmland Return 

(FireSmart1) 

It intends to increase farmland activities through 
encouraging agricultural policies (eg. Common 
Agricultural Policy - CAP) that promote sustainable, 

low-management practices, contributing to 
biodiversity conservation (Halada et al. 2011), 
developing a more “Fire-smart” landscape, with 
reduced fire risk and severity (Fernandes 2013, 
Moreira and Pe’er 2018). 

- Moderate increase of croplands in 
former semi-natural areas (shrubland 
and grassland, Appendix A). 

Firesmart (FireSmart2) It aims at achieving a progressively more resistant 
and resilient “Fire-smart” landscape by 
encouraging agricultural and agroforestry policies 
(e.g. chestnut groves, the most characteristic 

agroforestry culture in the study area (Gouveia et 
al. 2016)) that further decrease fuel connectivity.  

- Moderate increase of croplands in 
former semi-natural (shrubland and 
grassland) and coniferous areas 

(Appendix A); 
- Strong increase of agroforestry in 

former deciduous, shrubland and 
grassland areas (Appendix A). 

 

To obtain a quantitative base for the development of the scenarios, the main 

trends of evolution of the landscape were identified for each of the time periods of 

LULC information (for detailed information see Appendix A- Table A2). The land cover 

transitions more proximate to the storyline of each scenario were selected to define the 

quantity of change and the likelihood of transition into a certain land cover class. A 

transition table and a factors table were then used to feed to the model. The transition 

table included the transition suitability (that determines the spatial suitability of pixel 

allocation between specific land cover classes), the priority weight rankings (that 

determine which of the land cover classes has a higher priority to allocate pixels when 

two or more objectives compete for the same land parcel), the proximity suitability 

(which defines a perimeter around a given class inside which closer pixels are more 

likely to be converted into it), the area/percent change (that define the quantitative 

goals of the future final scenario) and patch (that defines the minimum area of land 

required for a certain class to be allocated into; Nelson et al. 2018). Furthermore, 

information about different physical and environmental factors (for example, slope and 

aspect), that determine the evolution of landscape by constraining the suitability of the 
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land to change, and their relative weight was also incorporated in the model (Nelson et 

al. 2018).  

The transition suitability, the priority, the weight of the factors table in relation to 

the transition table and the weights of factors in relation to each other were optimized in 

a calibration exercise in each scenario, in order to achieve the quantitative goals set in 

the beginning of the process. The input and output tables of the InVEST model for each 

scenario, including the transition table and the factors table available in the Appendix 

A. To account for spatial stochasticity, 10 runs for each scenario were produced.  

 

Habitat data 

The datasets from which land data (land-use/cover and topographic) was 

computed to calibrate the SDMs were selected according to their temporal proximity to 

the species data (atlas surveys). LULC data was obtained from CORINE Land Cover 

(CLC) at an initial spatial resolution of 100 m (available at: 

https://land.copernicus.eu/pan-european/corine-land-cover). The original 44 land cover 

classes were reclassified to 10 new final classes (Table 2), accounting for the Iberian 

Peninsula territory and the ecology of the species in the Meseta Ibérica. 

 

Table 2. Final land cover code classification and respective class name. 

LC class code Class name 

1  Urban 

2  Agro-pastoral areas 

3  Grassland 

4  Agroforestry 

5 Deciduous 

6  Coniferous 

7  Mixed Forest 

8  Shrubland 

9  Others 

10  Water 

 

Topographic information (altitude, slope and aspect) was derived from the 

Shuttle Radar Topography Mission (SRTM) at an initial spatial resolution of 30m 
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(available at U.S. Geological Survey https://www.usgs.gov) by using the ‘raster’ R 

package (Hijmans and van Etten 2012). Land-use/cover information (percentage of 

each LC class, see Table 3) was obtained from (1) the abovementioned CLC maps for 

past conditions (1990, 2000, 2006, 2012 and 2018) and (2) landscape simulations for 

2050, for each land management scenario (see Table 3), at 1-km resolution. Land-

use/cover and topographic information were then aggregated into a spatial resolution of 

1 km by mean value. 

Climate data 

For developing the climate data (temperature and precipitation), the maximum 

and minimum temperature and the maximum and minimum precipitation variables for 

the period of 1989 to 2005 were obtained from the E-OBS database (v20.0e, available 

at https://www.ecad.eu/download/ensembles/download.php#datafiles), from four 

climate models from the EURO-CORDEX (available at: https://euro-

cordex.net/060378/index.php.en): CNRM-CERFACS-CNRM-CM5 (CNRM), ICHEC-

EC-EARTH (ICHEC), IPSL-IPSL-CM5A-MR (IPSL) and MPI-M-MPI-ESM-LR (MPI) to 

account for the uncertainty arising from the intermodel variability (Stephenson and 

Smith 2015). For each model the data was obtained under two climate scenarios – 

Representative Concentration Pathways (RCPs) – the RCP 4.5 (a better scenario with 

high greenhouse gases mitigation) and RCP 8.5 (a worst scenario with low mitigation 

policies implemented; IPCC- Intergovernmental Pannel on Climate Change 2014), for 

historical (1989-2005) and future (2021-2050) periods.  

For the data collected, temporal (2005 and 2050) and spatial (Meseta Ibérica 

and Iberian Peninsula) scales were defined and data was interpolated bilinearly for 

those periods for 9-km and 1-km resolutions, followed by a bias correction approach 

using the observational/historical dataset (E-OBS data and EURO-CORDEX- 

Coordinated Regional Climate Downscaling Experiment model simulations for the 

European domain), as this method guarantees a more realistic and detailed forecast 

(Soriano et al. 2019). 

Elevation data was downloaded from the E-OBS (v20.0e) and Shuttle Radar 

Topography Mission (SRTM) databases, the spatial limits of the data were selected 

and data was bilinearly interpolated for 9-km and 1-km resolutions. Then, the 

temperature data was downscaled by using the delta method that consider altitude and 

vertical temperature gradients to correct local estimates (Huld and Pascua 2015). 

Then, through the monthly precipitation, maximum and minimum temperature, 19 
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bioclimatic variables for each year were calculated by using the “dismo”- Species 

Distribution Modeling package from the R software (R Development Core Team 2012; 

available at https://www.r-project.org/).  

A Pearson correlation analysis and a Variance Inflation Factor (VIF) analysis 

between the bioclimatic variables were conducted using the R software to identify 

correlated variables (VIF analysis was performed through the usdm- Uncertainty 

Analysis for Species Distribution Models package). Highly correlated variables (VIF > 3 

and Pearson correlation > 0.7 or < -0.7; ). were identified and excluded to avoid 

multicollinearity issues (see Guisan et al. 2017), as unstable parameter estimation and 

statistical inference biases could increase errors in future model projections (Dormann 

et al. 2013, Naimi and Araújo 2016). From the remaining variables, the ones with the 

most ecological meaning were selected according to previous studies of ecological 

modelling performed for birds and herptiles in the Iberian Peninsula (Carvalho et al. 

2010, Regos et al. 2015, Tellería et al. 2016). Eight climate predictors were ultimately 

selected and implemented in the SDMs: Isothermality (Bio3), Temperature Seasonality 

(Bio4), Mean Temperature of the Warmest Quarter (Bio10), Mean Temperature of the 

Coldest Quarter (Bio11), Precipitation Seasonality (Bio 15), Precipitation of the Wettest 

Quarter (Bio 16), Precipitation of the Driest Quarter (Bio17) and Precipitation of the 

Coldest Quarter (Bio19). 

 

Biodiversity Data 

Presence/absence data for bird species of the Iberian Peninsula were obtained 

from the second Spanish and Portuguese Atlases of Breeding Birds, at a 10-km 

resolution Universal Transverse Mercator (UTM) squares (Marti et al. 2003, Equipa 

Atlas 2008), while presence/absence data for reptile and amphibian species for the 

Iberian Peninsula were obtained from the combination of the Atlases of the amphibians 

and reptiles of Portugal and Spain, at a 10-km resolution UTM squares (Pleguezuelos 

et al 2002, Ferrand de Almeida et al. 2008)  

We selected only native species with at least one presence in the Meseta 

Ibérica in order to avoid modelling species never recorded in our study area, and with 

at least 30 presences in the Iberian Peninsula to reduce the risk of overfiting the 

models (see Araújo et al. 2019) Finally, we modelled the distribution of 207 species 

(168 birds, 24 reptiles and 15 amphibians) with different climatic preference and habitat 

specialization. 



FCUP 
Future impacts of fire-smart landscape management on biodiversity under rural abandoment and 

climate change scenarios 

13 

 

 

Species distribution models 

Single-species ensemble forecasting models at the scale of the IP were 

developed for each species, using the BIOMOD2 modelling package (Thuiller et al. 

2009, available at http://r-forge.r-project.org/R/?group_id=302) of the R software. Using 

the ‘raster’ R package (Hijmans and van Etten 2012), topographic and land cover 

variables for 2006 were aggregated from 1-km to 10-km resolution by mean value. 

Also, using the same package, the mean value for each UTM cell of the climate 

predictors for the time period 1989-2005 and of the topographic and land cover 

variables for 2006 was extracted. Then, we modelled the climate niche of the target 

species by using the presence/absence data and the climate predictors for the time 

period 1989-2005 (hereafter ‘climate models’) and the habitat suitability by fitting SDMs 

based on the topographic and land cover variables for 2006 (hereafter ‘habitat 

models’). Both the climate and the habitat models were trained using six different 

modelling techniques of the BIOMOD2 package to deal with the intermodel variability 

(Thuiller et al. 2009): Generalized Linear Models (GLMs), Generalized Addictive 

Models (GAMs), Random Forests (RFs), Artificial Neural Networks (ANNs), Gradient 

Boosting Models (GBMs) and the Multiple Adaptive Regression Splines (MARS). A 

repeated (10 times) split-sample approach was used to allow independency between 

model calibration and model evaluation. Each model was trained using 80% of the data 

and to evaluate its performance the area under the curve (AUC) of a receiver operating 

characteristics (ROC) and the true skill statistic (TSS) were calculated using the 

remaining 20% of the data.  

To compute a consensus model of single-model projections, an ensemble-

forecasting framework was applied by stacking the single-species models using a 

weighted average approach available in BIOMOD2, using AUC values as model 

weights. For each species, a series of tests (3 to 5 runs) were conducted to optimize 

the AUC threshold to be used, each species ending up with a minimum AUC threshold 

of 0.7 (see Appendix C). 

The ensemble models (which contain the relations derived between 

environmental explanatory variables and geographical species’ occurrence at 10-km 

resolution) were then downscaled (i.e. directly projected to the MI at the resolution of 1-

km square) under current and future land cover and climate conditions, for a historical 

(1989-2005) and  future (2021-2050) periods, under four landscape evolution scenarios 
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(using 10 replicas per land cover scenario) and two climate scenarios (using 4 climate 

models). The downscaling process ensured a more refined prediction of the distribution 

of species, that better accounts for the landscape’s heterogeneity. Finally, ensemble 

model predictions were reclassified into binary presence/absence maps through ROC 

(Receiver Operating Characteristic) optimized thresholds available in ‘biomod2’ (see 

Thuiller et al. 2009). 

The impacts of climate change and the different scenarios land management on 

biodiversity was measured in number of species predicted to register loss, gain or no 

change and in percent change of the number of píxels in wich presences are predicted 

under each driver and under their combined effect. A species was classified has having 

gain in climate, habitat or climate-habitat (hereafter ‘potential’) suitability when the 

change in the total amount of cells with presences between 2018 and 2050 was more 

than 10% of the amount in 2018, to lose if it was less than -10% and when the change 

was between -10% and 10% of the amount in 2018, the value was considered as of no 

change (see Appendix D for detailed results for climate suitability, habitat suitability and 

potential suitability, for each species). To analyse the changes in environmental 

suitability species were grouped by 1) species traits, namely Iberian endemicity, 

climatic preference (mediterranean or atlantic affinity), habitat preference (forest or 

open-habitats) and protection status (protected or non-protected by Habitats or Birds 

European Directives) and by 2) the International Union for Conservation of Nature 

(IUCN) conservation status (LC- Least Concern; NT – Near Threatened; VU – 

Vulnerable; EN – Endangered; CR – Critically Endangered).  
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Results 

Landscape change under different land management scenarios 

Fig. 2 Land cover changes (km2) by land cover class from 1990 to 2018-2050 (projected) in the 

Meseta Ibérica.  
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The analysis of the land use and land cover changes between 1990 and 2018 in 

the study area revealed a decline in forest cover and agroforestry areas and an 

increase in semi-natural areas (grassland and shrubland), water and urban areas (Fig. 

2).  

 

Table 3. Percentage of change of different LULC classes between 2018 and 2050, according to each land-

use management scenario. Values represent the mean and standard deviations (inside brackets) for the 

10 runs tested per scenario. 

 Afforestation (Rewild1) BAU (Rewild2) 
Farmland return 

(FireSmart1) 

Firesmart 

(FireSmart2) 

Agroforestry Areas 0.00 (0.00) -39.24 (12.40) 0.00 (0.00) 51.02 (0.00) 

Agro-pastoral areas -2.47 (0.17) -19.12 (0.94) 14.53 (0.00) 4.63 (0.00) 

Conifers 70.49 (0.00) -32.29 (18.86) 0.00 (0.00) -3.78 (1.50) 

Deciduous 41.26 (0.00) -37.46 (3.02) 0.00 (0.00) -3.12 (1.06) 

Grassland -4.72 (0.62) 23.08 (0.00) -104.88 (7.33) -11.02 (5.69) 

Mixed 0.00 (0.00) -20.27 (7.77) 0.00 (0.00) 0.00 (0.00) 

Others 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 

Shrubland -35.99 (0.22) 18.70 (0.00) -13.32 (0.46) -8.72 (0.85) 

Urban areas 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 

Water 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 

 

According to our landscape simulations, a mean increase of approximately 23% 

and 19% in grassland and shrubland was predicted, respectively, for 2050 under the 

business-as-usual scenario (Fig. 2 and Table 3), as well as a decrease of almost 40% 

in agroforestry and in deciduous areas, 32% in conifers and 20% in agricultural lands 

and pasturelands (see ‘BAU’ scenario in Fig. 2 and Table 3).  

On the contrary, policies fostering afforestation practices and natural 

regeneration, would increase up to 40% and 70% the area covered by deciduous and 

coniferous forests, respectively, at the expense of shrubland, which would decrease 

almost 36% (see ‘Afforestation’ scenario in Fig. 2 and Table 3). A management 

strategy focused on promoting agricultural activities was predicted to increase almost 

15% of agro-pastoral areas (see ‘Farmland return’ scenario Fig. 2 and Table 3).  

Grassland would decrease almost 105%, while shrubland would approximately 

decrease 13% (Fig. 2 and Table 3). Finally, the ‘Firesmart’ land management scenario 

would lead to an increase of more than 50% of agroforestry areas and almost 5% agro-

pastoral areas as well as a reduction of around 10% of both grassland and shrubland 

(Fig. 2 and Table 3).  
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Biodiversity conservation under climate and land management 

scenarios 

 

Both land cover and climate models projected at the Meseta Ibérica scale had a 

high predictive performance (for details see Appendix B), although the climate models 

had slightly higher values (AUCLCmean = 0.944 ± 0.04; TSSLCmean = 0.774 ± 0.12; 

AUCCLIMmean = 0.952 ± 0.03; TSSLCmean = 0.791 ± 0.11). Considering the different 

taxonomical groups separately, models also had a high predictive accuracy with similar 

values in climate and land cover models (Table 4).  

 

Table 4. Predictive accuracy metrics (mean value of the Area Under the Curve - AUCmean; mean value of 

the True Skill Statistics - TSSmean) of the species distribution models according to taxonomic groups. 

 Climate  Land cover 

 AUCmean TSSmean  AUCmean TSSmean 

Birds 0.952 ± 0.03 0.791 ± 0.11  0.946 ± 0.04 0.778 ± 0.12 

Amphibians 0.952 ± 0.02 0.771 ± 0.07  0.950 ± 0.03 0.783 ± 0.10 

Reptiles 0.951 ± 0.03 0.805 ± 0.11  0.929 ± 0.05 0.733 ± 0.14 

 

A wide range of responses of species to climate change, land-use/cover change 

and their combined effect were found (Fig. 3, Fig. 4, Fig. 5 and Fig. 6, Appendix D) 

Overall, our results indicate that more species from all the taxonomical groups are 

predicted to lose climate suitability (Fig. 3-A) than habitat suitability (Fig. 3-B,). 

Interestly, the percentage of species negatively affected by climate change increased 

from approximately 53-58% under the RCP 4.5 and RCP 8.5, respectively, up to an 

average of approximately 59-63% when combined with the land cover changes (Fig. 3). 

When considering the number of species per taxonomic group, most of amphibians 

lose climate suitability, although not much difference is seen between the two climate 

scenarios (Fig. 3-A). 
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Fig 3. Number of species predicted to gain, lose or have no change in habitat suitability across 

alternative scenarios for climate (A), land cover (B) and combined (C) models between 2005 

and 2050. A species was classified has having gain in climate, habitat or climate-habitat 
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(hereafter ‘potential’) suitability when the change in the total amount of cells with presences 

between 2018 and 2050 was more than 10% of the amount in 2018, to lose if it was less than -

10% and when the change was between -10% and 10% of the amount in 2018, the value was 

considered as of no change (see Appendix D for detailed results for climate suitability, habitat 

suitability and potential suitability, for each species).  See detailed results for each species in 

Appendices C and D. 

 

Fig 4. Percentage of change in enviromental suitability (2005-2050) predicted under Climate 

(A), Land-use change (B) and their combined effects (C) according to the different land 

management and climate scenarios for amphibians and reptiles, grouped according to IUCN 

categories (LC- Least Concern; NT – Near Threatened; VU – Vulnerable; EN – Endangered) 

and bioclimatic affinity (Mediterranean or Atlantic). Outliers are represented as dots. See 

detailed information about species classification according to these criteria in Appendix C. 

 

There is a considerable number of bird species (n=64 and 61) that are predicted 

to benefit from climate change in both RCP 4.5 and RCP 8.5 climate scenarios, 
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respectively, but although there were some species predicted to suffer no loss in the 

best climate scenario (n=13), this number drops to 3 in the worst scenario (Fig. 3-A). 

Several reptile species (n=12) may also benefit from climate change since the 

worst scenario is expected to benefit more species than the RCP 4.5 (Fig. 3-A). 

Considering the percentage of climate suitability changes, overall, climate change 

seems to have a negative effect on amphibians and reptiles (Fig. 4-A and 5-A). The 

same trend is observed for bird species (Fig. 6-A), with the exception of EN non-

protected species from open habitats, for which the best climate scenario seems to be 

slightly beneficial and the worst scenario should at least lead to suitability stabilization 

in 2050 (Fig. 6-A). 

 

Fig 5. Climate (A), habitat (B) and combined potential (C) % of suitability change (2005-2050) 

according to the different land management and climate scenarios for amphibians and reptiles, 

grouped according to IUCN categories (LC- Least Concern; NT – Near Threatened; VU – 

Vulnerable; EN – Endangered) and Iberian endemicity. Outliers are represented as dots. See 

detailed information about species classification according to these criteria in Appendix C. 
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Protected bird species (Fig. 6-A) and endemic herptile species (Fig. 5-A) are 

expected to be negatively affected by climate change, which is further evidenced when 

analysing the combined effect (Fig. 6-C and 5-C). However, the worst climate change 

scenario seems to have a less negative effect on reptile species with Mediterranean 

affinity (Fig. 4-A), on endemic reptiles (Fig. 5-A), and on forest protected bird species 

than the best scenario (Fig. 6-A). Conversely, the worst climate change scenario 

seems to disfavour Euro-Siberian species (Fig. 4-A, 6-A) and EN open-habitat non-

protected birds (Fig. 6-A). 

 

Fig 6. Percentage of change in enviromental suitability (2005-2050) predicted under Climate 

(A), Land-use change (B) and their combined effects (C)according to the different land 

management and climate scenarios for birds, grouped according to IUCN categories (LC- Least 

Concern; NT – Near Threatened; VU – Vulnerable; EN – Endangered; CR – Critically 

Endangered), protection status (under the European Birds directives) and habitat preference 
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(forest and open-habitats). Outliers are represented as dots.  See detailed information about 

species classification according to these criteria in Appendix C. 

 

According to our results, land-use/cover changes (irrespectively of the 

management scenario) were predicted to have a a much less negative effect on 

biodiversity than climate change (Fig. 4-B, 5-B and 6-B). Nevertheless, the rewilding 

scenarios (BAU/Rewild2 and Afforestation/Rewild1) have a positive overall effect on 

species habitat suitability, particularly under the BAU scenario (Fig. 4-B, 5-B and 6-B). 

These scenarios are expected to be particularly important for endemic reptiles (Fig. 5-

B), Least Concern (LC) reptiles with Atlantic affinity, Vulnerable (VU) and non-endemic 

reptiles with Mediterranean affinity and VU amphibians with Atlantic affinity (Fig. 4-B).  

The combined effect of both factors results in an homogenisation of the 

suitability change in the different scenarios when comparing to individual results (e.g. 

Fig. 3-A, B and C; Fig. 5-A, B and C). Much less species are predicted to have no 

change in potential suitability than in habitat suitability (Fig. 3-B and C). In fact, the 

majority of the species are expected to lose potential habitat in the future under all 

scenarios (Fig. 4, 5 and 6), with exception of EN and non-protected bird species from 

open-habitats, that are expected to be positively influenced by the combined effect of 

these factors (Fig. 6-C).  

Also, the results show no beneficial effect of the BAU scenario on potential 

suitabiltity of herptiles (Fig. 4-C and 5-C), except for VU reptile species with 

Mediterranean affinity in the worst climate change scenario (Fig. 4-C). Nonetheless, the 

rewilding scenarios may lead to a stabilization and even increase of the potential 

suitability for VU and non-protected forest bird species, CR and protected open-habitat 

species and for NT and protected bird species (Fig. 6-C). On the contrary, scenarios 

that foster fire-resilient and fire-resistant landscapes (Farmland Return/FireSmart1 and 

Firesmart/FireSmart2) seem to favour reptiles, such as NT species with Mediterranean 

affinity and some endemic species (Fig. 4-C and 5-C). Also, they seem to lead to a 

suitability stabilization for NT endemic reptiles under the RCP 8.5 scenario (Fig. 5-C) 

and even an increase for threatened (VU and CR) and NT open-habitat bird species 

(Fig. 6-C).  
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Discussion 

Landscape change under different land management scenarios  

Analysis of past land cover changes in the study area indicate a decline in 

forest and agroforestry areas and an increase in grassland and shrubland (Fig. 2 and 

Table 3). Based on those trends, the business-as-usual scenario (BAU/Rewild2) 

registered an increase in grassland and shrubland, respectively, at the expense of 

agroforestry, deciduous, coniferous and agro-pastoral areas (Table 3). These results 

confirm the occurrence of land abandonment processes in the study area (Azevedo 

2012, Sil et al. 2019) supporting rewilding as cost-effective management strategy 

(Navarro and Pereira 2012). In fact, land abandonment trends have been occurring 

across Europe over the last decades mainly because of suboptimal climatic and soil 

conditions for agriculture, lack of economical returns, isolation from markets and 

infrastructures, rural depopulation and population ageing (Beilin et al. 2014, Ceau et al. 

2015, Levers et al. 2018).  

The Afforestation (Rewild1) scenario expresses a long-term rewilding scenario, 

in which the natural succession leads to a gradual conversion from shrubland to 

deciduous (Fig. 2 and Table 3). These results are in line with other studies that 

observed similar landscape evolutions after land abandonment. For example, Otero et 

al. (2015) analysed the landscape composition after abandonment in a mountain area 

of metropolitan Barcelona (SE Spain) and observed an increase in landscape 

homogenization and forest expansion on former farmland and pastureland. Also, 

Sirami et al. (2007) analysed landscape changes from 1978 to 2003 after land 

abandonment in Montpellier (southern France) and observed a decrease in extensive 

grassland which were colonized by shrubs and conversion of shrubland to mature 

woodlands. 

In addition, the Afforestation scenario illustrates the increase in coniferous 

plantations (Fig. 2 and Table 3) for energy and timber production, a pattern particularly 

observed in the study area between 1990 and 2000 (Fig. 2). Similar forest practices 

have been occurring in the Mediterranean countries for the past two centuries, to 

regenerate degraded land and control soil erosion and desertification (Moreira et al. 

2001, Sheffer 2012, Tomaz et al. 2013). These plantations have been mainly mono-

specific, using pine species, other coniferous and eucalyptus (Sheffer 2012). Such 

management practices may be useful for integration with rewilding initiatives, as lower 
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erosion and runoff rates in plantations of Aleppo pine (Pinus halepensis) in comparison 

to abandoned land under conditions of over-grazing and drought (Cerdà 1997). 

However, landscapes dominated by mono-specific plantations are more prone 

to fire in Mediterranean ecosystems in comparison to landscapes dominated by native 

forests (Fernandes et al. 2010, 2011). In this regard, promoting transition from mono-

specific pine stands to pine-oak forest should be encouraged in Mediterranean 

ecosystems (Pausas et al. 2004). This would allow for a diverse and also fire-resilient 

forest (Silva and Catry 2006, Sheffer 2012, Dymond et al. 2014). A study in the Beira 

Interior (central Portugal) found high afforestation success rates for cork oak (Quercus 

suber) and mixed cork oak-umbrella pine (Pinus pinea) stands under the Rural 

Development Programme–Afforestation of Agricultural Land (RURIS–AAL), adding 

economic value to the local landscape and generating income for farmers (Tomaz et al. 

2013). Also, oak forests were found to harbour greater plant and forest bird diversity 

than eucalyptus (Eucalyptus globulus) and maritime pine (Pinus pinaster) forests in the 

Alto Minho region (NW Portugal; Proença et al. 2010).  

Our Farmland Return (FireSmart1) scenario resulted in an increase of almost 

15% of agro-pastoral areas from grassland and shrubland (Fig. 2), through agricultural-

driven policies and economic incentives, with the aim of allying to the biodiversity 

conservation the fire-smart landscape management. In Portugal, the National Plan for 

Integrated and Wildland Fire Management for 2020-2030 already aims at promoting 

strategically located agricultural area and pastures, with the aim of reducing the impact 

and size of rural fires, ensuring a more diverse, less fire-prone landscape (AGIF, 2020). 

 However, when implementing agricultural policies, incentives must be given to 

the maintenance or creation of High Nature Value farmland (HNVf) – areas 

characterized by low-intensity management that support or are associated with either a 

high species and habitat diversity or the presence of species of European conservation 

concern or both (Andersen et al. 2003) – , as they result in high landscape 

heterogeneity and functional diversity, and consequently high species diversity and 

abundance (Morelli et al. 2014, Lomba et al. 2015). Intensive agricultural practices, 

opposingly, contribute to loss of soil fertility, chemical and nutrient contamination of soil 

and groundwater (Scotti et al. 2015, Rendon-von Osten and Dzul-Caamal 2017) and 

are linked with declines in bird, amphibian and reptile diversity and/or abundance 

(Donald et al. 2001, Beja and Alcazar 2003, Carpio et al. 2016). 

Finally, under the Firesmart (FireSmart2) scenario, an increase of more than 

50% of agroforestry areas and a small increase in agro-pastoral areas was obtained, 
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as well as a reduction in grassland and shrubland (Fig. 2 and Table 3). The sweet 

chestnut (Castanea sativa) groves, which is the most important agroforestry system in 

the study area (Gouveia et al. 2016, Sil et al. 2017), is a lucrative investment (Carneiro-

Carvalho et al. 2020), since they provide several resources, such as chestnut and 

timber (Braga et al. 2015). These plantations have been abandoned in the late 20th 

century (Gondard et al. 2007) and have been increasing during the 21th century due to 

economic incentives from the European Union under the Community Support 

Frameworks and due to the income they provide (Patricio and Nunes 2017). The 

success of these incentives in increasing agroforestry area or management of existing 

areas may suggest that a fire-smart management could be a feasible and efficient 

strategy to be futurely implemented in our study area. The National Plan for Integrated 

and Wildland Fire Management for 2020-2030 already aims at promoting an increase 

and diversification of the agroforestry mosaic for fire prevention and fire hazard 

reduction (AGIF, 2020). 

The construction of scenarios has been widely used in contexts of high 

variability and uncertainty and low controlability, as landscape planning (Barbet-Massin 

et al. 2012, Kosmas et al. 2015, Pais et al. 2020). In the NE of Portugal, previous 

studies have used land cover scenarios to assess their impact on provisioning and 

regulating ecosystem services, identifying synergies and trade-offs (Sil et al. 2016, 

2017). Developing effective and realistic land management scenarios should rely on 

identifying key drivers of landscape change (exemplified by our scenario development 

process), in order to find adequate management practices to address specific local 

priority issues (Helming and Pérez-Soba 2011, Zakkak et al. 2015). To further increase 

scenario relevance and local contextualization, further studies should consider 

accounting for stakeholder’s opinions and knowledge of the regional infrastructures and 

community capabilities (Zasada et al. 2017). 

 

Biodiversity conservation under different climate and land 

management scenarios 

 

Our species distribution models were developed using an ensemble forecasting 

approach, which allows for model fitting with different techniques and derivation of a 

combined prediction — increasing prediction robustness and temporal transferability of 

our models (Araújo and New 2007, Guisan et al. 2017). Also, our SDMs showed high 
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predictive accuracy metrics for the models at 10km resolution (Península Ibérica 

scale), which confirms that the results can be interpreted with confidence. The inclusion 

of climate predictors when calibrating the models at the Península Ibérica scale 

besides the land cover predictors in the modelling framework allowed for more refined 

predictions, mainly for reptiles and amphibians due to their dependence on climate 

(Winter et al. 2016, Enriquez-Urzelai et al. 2019). 

Potential uncertainties in the predictions could be associated with the model 

downscaling procedure, since cross-scale predictions are prone to commission error 

and direct downscaling approaches assume that environmental associations are the 

same for distributions at fine-grain and at coarse-grain (Bombi et al. 2012, Keil et al. 

2013). However, Bombi and D’Amen (2012) concluded that models can dellineate 

sucessfully (with an increasing true presences overestimation) the relasionship 

between species’ presences and environmental variables only up until a 12-fold 

downscaling. Therefore, the 10-fold downscaling (from 10 km to 1 km) that was 

conducted in our study allows for successful delineation of species-environment 

relationships while also removing some bias of the atlas data (Bombi and D’Amen 

2012, Bombi et al. 2012).  

A wide range of responses to climate and LULC change which are mostly 

species-specific and resulted in a large intra-scenario variability have been found (e.g. 

see Fig. 6). The results on biodiversity are summarized in Fig. 7. Still, we found 

common patterns for species with similar habitat requirements (see Fig. 4 and 6). 

Overall, our results suggest that climate change will have a negative effect on more 

species than land-use/cover change (Fig. 3). According to our model simulations, 

climate change is expected to affect negatively approximately 53% (RCP 4.5) and 58% 

(RCP 8.5) of the species, increasing their vulnerability since expected future climatic 

conditions would be outside their climatic niches (Jiguet et al. 2010). These results are 

in line with other studies that found negative effects of climate change on herptiles and 

birds in the Iberian Peninsula, although not all species are predicted to be detrimentally 

affected (Triviño et al. 2013, Sousa-Guedes et al. 2020; Fig. 3). 

For Euro-Siberian species, the worst climate scenario is expected to lead to 

more suitability loss than for Mediterranean species for which the worst climate 

scenario could even stabilize climate suitability in our study area (see Fig. 4, Fig. 6). 

Furthermore, when considering the combined effects of both factors, the RCP 8.5 

climate scenario seems to lead to a stabilization of potential distribution for VU reptiles 

with Mediterranean affinity, while species with Atlantic affinity are expected to suffer 
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great suitability losses (Fig. 4-C). This differential effect of climate change according to 

species’ bioclimatic preference was also predicted by Sousa-Guedes et al. (2020) for 

herptiles in the Iberian Peninsula, in past warmer periods and for future warming 

scenarios.  

Fig 7. Summary of the main effects on species distribution predicted according to our results 

under Climate change, Land-use and the two factors combined and groups of species for which 

the effects were predicted, when relevant (inside brackets).  

 

This study shows the importance of combining the effects of climate change 

and land-use change and their spatial interactions to get more realist predictions of 

future species distributions. Overall, our simulations confirm that our prediction of 

climate and land-use changes can significatively differ if analysed separately or 

combined (e.g. Fig. 3 and Fig. 4). Also, a greater number of species was predicted to 

be negativelly affected by these factors combined (on average, 116-123, approximately 

59%-63%,) than by climate change (105-115, approximately 53%-58%, respectively, 

for RCP 4.5 and RCP 8.5), suggesting synergistic effects (Fig. 3). Previous studies 

have also observed similar trends, as conflicting results for range change due to 

climate change and LULC change for protected plants (Alves et al. 2019). Evidence of 

opposing and/or synergistic effects between these factors has also been found (Fox et 

al. 2014, Moreno-Fernández et al. 2019). For example, Northrup et al. (2019) found 

evidence that in the Pacific Northwest of the United States, loss of forest areas caused 

greater population decline in forest bird populations if those areas were also subjected 

Climate change

•Most species 
negatively affected; 

•Differential effects 
according to climatic 
affinity of the species 
(reptiles and 
amphibians);

•Protected species lose 
more distribution 
(birds).

Land-use change

•Rewilding scenarios 
appear to have an 
overall positive or less 
negative on species, 
specially the BAU 
scenario (e.g. endemic 
reptiles, euro-siberian 
amphibians).

Combined factors

•Some groups of 
species seem to be 
favoured by the 
rewilding scenarios 
(e.g. VU 
mediterranean reptiles 
in the RCP 8.5);

•Other groups seem to 
be favoured by the fire-
smart scenarios (e.g. 
NT endemic and NT 
mediterranean reptiles 
in the RCP 8.5);

•Different previsions 
when comparing with 
the individual factors.   
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to climate change. Also, Jarzyna et al. (2016) found that low amounts of grassland 

cover were associated with higher extinction probability for grassland birds exposed to 

climate change.  

This may occur since although an increase in suitable habitat area for species 

occurrence may be expected, those areas may not be climatically suitable. This seems 

to be occurring, for example, with endemic herptile species, for which large potential 

suitability losses were predicted (Fig. 5-C) despite the predicted increase in habitat 

suitability (Fig. 5-B). To address the lack of climate suitability in a suitable habitat 

location, land management that considers climate-buffering ecosystem services could 

potentially counteract climate change and provide the necessary micro-climatic 

conditions for species occurrence, increasing their resilience to climate change 

(Jarzyna et al. 2016, Betts et al. 2018, Alves et al. 2019). On the contrary, great 

climatic losses are predicted for birds (Fig. 6-A), but much of the climatic unsuitability 

must correspond to unsuitable habitat locations, since less loss of potential suitability 

than of climate suitability is predicted (Fig. 6-C).   

These results highlight that a conservation approach that focuses on providing 

suitable habitat for species through different land management practices may not be 

efficient due to potential changes in climate suitability. Previous studies already 

demonstrated the need of accounting for the spatial interactions between climate and 

wildfire-landcape management to predict future effectiveness of protected areas under 

climate change scenarios (D’Amen et al. 2011, Regos et al. 2016a). Our results also 

call for caution when prediciting the future impacts of climate change and landscape 

management on biodiversity since SDMs based solely on climate variables can be 

under- or overestimating species distributions, depending on the habitat and climate 

preference of the target species (e.g. see Fig. 5 and 6).  

Regarding the habitat preference, our predictions indicate that most of the bird 

species are expected to suffer great climate suitability losses irrespectively of the 

climate change scenario, especially for those under legal protection (Fig. 6-A). Other 

studies have also found evidence that climate change can be detrimental to bird 

species associated with open habitats (Princé et al. 2013), as well as for forest-

specialist species (Regos et al. 2016a). Furthermore, climate change and the 

combined factors seem to be more detrimental for protected bird species than non-

protected species, which underlines that current conservation efforts may be 

insufficient under future conditions.  
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Although bird species are generally more habitat-specific than herptiles, no 

differences between the two groups were found when analysing their responses to land 

management scenarios. Nevertheless, no great habitat losses are expected in none of 

the scenarios for amphibians (Fig. 4-B, 5-B). The rewilding scenarios (BAU and 

Afforestation), especially BAU, were found to be the best conservation options overall 

when considering both the habitat suitability and the climate-habitat suitability, 

particularly for endangered species, such as endemic herptiles, Vulnerable species 

(herptiles, forest birds, non-protected open-habitat birds) and  Near Threatened 

protected open-habitat bird species (see Figs. 4-B, C, 5-B, C and 6-B, C).  

Our predictions are in line with other studies that have proposed rewilding as a 

conservation approach to biodiversity (Navarro and Pereira 2012) and predicted 

favourable effects of rewilding for forest-specialist birds in the Iberian Peninsula 

(Suárez-Seoane et al. 2002, Regos et al. 2016b). On the contrary, De Solan et. al 

(2019) found evidence that reptiles usually avoid the homogenous forest/shrubland 

areas that result from land abandonment in the French Mediterranean lowlands. When 

it comes to open-habitat bird species, previous studies on the impact of rewilding on 

biodiversity have come to contrasting conclusions. Regos et al. (2016b) found evidence 

of only a modest negative effect of rewilding on the numbers of open-habitat species in 

Catalonia (NE Spain), while Pais et. al (2020) found that this scenario was particularly 

negative in terms of loss of suitable habitats for open-habitat species in the 

Transnational  Biosphere Reserve of Gerês-Xurés, very close to our study area. At the 

long term, rewilding may also lead to a decrease in habitat suitability for more 

generalist forest-dwelling species, such as the woodlark (Lullula arborea), that is 

predicted to benefit from the rewilding scenarios (see Appendix C and LULARBO- 

‘Habitat suitability change (%) between 2005 and 2050 (LC models)- LULARBO’ in 

Appendix D), since they also need open habitats for feeding (Fonderflick et al. 2013). 

Furthermore, land abandonment has been found to decrease the Fire 

Regulation Capacity (FRC) of the landscape (Sil et al. 2019) due to vegetation 

encroachment that leads to more homogenous and flammable landscapes (Fernandes 

et al. 2013, 2014). Therefore, other fuel-management practices under the business-as-

usual scenario could be worth exploring for reducing fire risk and fire hazard while 

simultaneously ensure biodiversity conservation. For example, forest thinning (Úbeda 

et al. 2018) letting unplanned fires burn under mild weather conditions (Regos et al. 

2014) or prescribed fire should reduce fire risk and severity while also providing safe 

areas for firefighting needs (Fernandes et al. 2013, Duane et al. 2019).  
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Contrarily, our results suggest that the Farmland Return and FireSmart 

scenarios may increase habitat suitability for NT forest non-protected bird species such 

as the european penuline tit (Remix pendulinus) (Fig. 6-B; see Appendix C and - 

‘Habitat suitability change (%) between 2005 and 2050 (LC models)- REMPEND’ in 

Appendix C) and lead to a stabilization of habitat suitability for VU open-habitat 

protected bird species such as the little bustard (Tetrax tetrax) (Fig. 6-B; see Appendix 

C and Appendix D- ‘Habitat suitability change (%) between 2005 and 2050 (LC 

models)- TETTETR’). Also, NT endemic reptile species (Fig. 5-C) and threatened 

open-habitats bird species (Fig. X4-C) were predicted to be favoured by these 

scenarios when considering the combined effects. Several other studies have already 

suggested that expansion of farmland area is very important for species conservation 

(Salaverri et al. 2019, Pais et al. 2020). Also, reptile species may use open-habitats for 

feeding and thermoregulation (Godinho et al. 2011) and pond maintenance, related 

with traditional agricultural and livestock activities and necessary for the survival of 

some amphibian species (Beja and Alcazar 2003).  

These scenarios could also be more favourable in terms of wildfire regulation, 

which has already been noted by Moreira and Pe’er (2018), since agroforestry areas 

have low tree density and farmland reduces landscape fire-proneness. Pais et al. 

(2020) have already found evidence of the effectiveness of these agriculture-promoting 

scenarios in reducing potential total area burnt by large fires. Promoting HNVf to foster 

biodiversity is an important objective for agricultural policies, mentioned in the Priority 4 

“Restoring, preserving and enhancing ecosystems related to agriculture and forestry” of 

the EU Rural Development Priorities for the period of 2014-2020 (European Network 

for Rural Development 2015). Several studies have found conservation benefits of 

such diverse low-intensity farming systems, such as for farmland birds in France (Doxa 

et al. 2010) and Central Italy (Morelli et al. 2014) and birds and reptiles in the 

Transboundary Biosphere Reserve Gerês-Xurés (Pais et al. 2020). 

Still, a management approach that integrates policies that incentive traditional 

agricultural activities and agroforestry expansion with rewilding initiatives may be 

beneficial for biodiversity conservation while including fire-smart management 

practices. This approach would allow higher habitat diversity, benefiting both shrub-

forest-dwelling species and open-habitat species, while also reducing fire risk and 

hazard (Moreira and Pe’er 2018, Aquilué et al. 2020, Pais et al. 2020) due to lower fuel 

amount and connectivity in the landscape. Besides, increasing farmland and 
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agroforestry areas, in detriment of high-density forests (e.g. coniferous plantations), 

would further reduce wildfire hazard (Moreira and Pe’er 2018).  
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Conclusions 

In the present context of biodiversity decline, which some have already reffered 

to as the planet’s 6th global mass extinction and of recent socio-economically-driven 

new rural realities with consequent changes in the fire regime due to structural and 

compositional changes in the landscape, landscape planning is increasingly more 

important. Exploring the effects of different landscape management practices as the 

ones explored above and their integration may, therefore, be a valuable tool for 

promoting biodiversity conservation while ate the same time reducing wildfire risk. 

Our results suggest that approximately 53% (RCP 4.5) and 58% (RCP 8.5) of 

the species are predicted to be negativelly affected by climate change and when 

considering the combined effects these numbers increase to, respectively, 59% and 

63%, suggesting synergic effects between climate change and land-use/cover change. 

We found a differential effect of climate change according to species’ bioclimatic 

preference, with Euro-Siberian being predicted to lose climate suitability while some 

groups of Mediterranean species are even expected to gain it. Also, bird species, 

especially those under legal protection, were predicted to suffer great climate suitability 

losses in both climate change scenarios and the combined effects. This study 

underlines the need for combining the effects of climate change and land-use change 

to get more realist predictions of future species distribution, and plan efficient efforts for 

biodiversity conservation.  

Also, our simulations indicate that the implementation of rewilding scenarios, 

mainly the BAU scenario, could be the most relevant for species conservation in all 

taxonomic groups. However, this scenario would lead to increased fire risk and hazard 

in the landscape. The Farmland Return and Firesmart were also predicted to benefit 

some groups, as NT forest bird species without legal protection and, when considering 

the combined effects, NT endemic and NT Mediterranean reptile species. Considering 

these results, a management approach that integrates rewilding initiatives with policies 

that incentive agro-pastoral area expansion may offer the best outcome for biodiversity 

conservation, by creating more habitat diversity, while also increasing fire-resistance 

and fire-resilience of the landscape.  

This study illustrates how landscape scenario planning supported by species 

distribution model projections allows gathering important evidence of how different 

policies and incentives may benefit or be detrimental to biodiversity in a context of 

multiple global and regional drivers, that can then be used by stakeholders and 
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decision-makers to make better informed decisions. Our results highlight why 

considering the and combining the impacts of climate change and LULC change and 

their spatial interaction is very important to make more robust predictions of species 

distribution, allowing the identification of priority conservation species in a context of 

global and regional scale change. 
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Appendix A. Rural abandonment scenarios 

Table A1. Correspondence between the 44 original CLC class codes and their new codes and class 

names. 

Original CLC class code  New LC class code Class name 

111 112 121 122 123 124 131 132 133 141 142 1  Urban 

211 212 213 221 222 223 231 241 242 243  2  Agro-pastoral areas 

321  3  Grassland 

244  4  Agroforestry 

311 5 Deciduous 

312  6  Coniferous 

313  7  Mixed 

322 323 324 8  Shrubland 

331 332 333 334  9  Others 

335 411 412 421 421 422 423 511 512 521 522 523 10  Water 

 

Table A2. Description of scenario storyline, implementation and InVEST model parameters (proximity, 

factors, constrains). 

Scenario 
Storyline/Descri

ption 
Implementation Proximity/Factors/Constrains 

Scenario I 

– 

Afforestati

on 

(Rewild1) 

This scenario 

will simulate 

the effect of 

implementing 

afforestation 

plans as main 

driver of 

landscape 

change, motivat

ed by the 

increasing 

demand on 

bioenergy 

and/or wood 

production. 

Planned 

afforestation 

will favour 

The main trends of LULC 

changes observed 

between 1990 and 

2000, according to the 

CORINE LC time series, 

were used to build LULC 

transitions.  

 

% Change Goal: 

LC Change (%) 

Urban 0 

Agro-

pastoral               

1 

Grassland -6 

Proximity suitability: A proximity rule of 1000m was applied to the 

Deciduous and Coniferous LC classes, which favors the conversion 

of cell pixels nearby these targeted land covers, desired to increase. 

 

Factors (global weight = 0.8):   

The model will be informed about what pixels are more likely to be 

converted to the Coniferous category according to two main 

factors: 

A) Conifers LC dynamics: 

1. Biophysical factors (Slope, Aspect and Elevation) were 

considered for modelling transitions that increase the 

area of the Conifers LC class, according to information 

about the ecology of Pinus pinaster (an important 

coniferous species in the study area), from a guide of 

good practices for this species by Centro PINUS 

(Association for valuing of the pine forest): 
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forest species 

(e.g. Pinus 

pinaster; 

Coniferous 

category) for 

wood 

production 

and/or 

bioenergy 

(pellets). Based 

on LULC 

changes that 

occurred in the 

MI in the time 

period of 1990-

2000, following 

the trends 

below: 

 

(1) Strong 

increase 

in forest areas is 

expected by the 

conversion 

of seminatural 

areas 

(shrubland and 

grassland); 

 

(2) 

Deciduous/broa

dleaf species 

will have a 

moderate 

increase due to 

natural 

succession 

processes from 

shrubland; 

 

Agroforestry 0 

Deciduous +49 

Coniferous +111 

Mixed 0 

Shrubland -29 

Others 0 

Water 0 

 

Area Change Goal: 

LC Area Change 

Urban 0 

Agro-

pastoral               

+ 5500 

Grassland - 4453 

Agroforestry 0 

Deciduous +46847 

Coniferous +718000 

Mixed 0 

Shrubland -114194 

Others 0 

Water 0 

 

Main transitions: 

From Shrubland to: 

Deciduous - 3.44% 

Coniferous - 5.71% 

 

From Grassland to: 

Deciduous - 1.61% 

Coniferous - 0.22% 

 

From Agro-pastoral to: 

 

1.1 Aspect –Factor weight = 6. 

 

Aspect Suitability 

North 40 

Northeast 100 

East 50 

Southeast 50 

South 70 

Southwest 100 

West 70 

Northwest 60 

North 40 

Flat 10 
 

1- Elevation – Pinus pinaster usually occurs in places up to 

800 m (Soares et al. 2020). Factor weight = 8. 

 

Elevation (m) Suitability 

0 - 200m 10 

200 - 400m 10 

400 - 600m 20 

600 - 800m 90 

800 - 1000m 100 

1000 - 1200m 30 

1200 - 1400m 10 

1400 - 1600m 10 

1600 - 1800m 10 

1800 - 2000m 10 

2000 - 2200m 0 
 

2- Slope- Factor weight = 6. 

 

Slope (%) Suitability 

0 - 2% 90 

2 - 4% 100 

4 - 6% 100 

6 - 8% 100 

8 - 10% 90 

10 - 12% 80 

12 - 14% 60 
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Deciduous - 1% 

 

Probability of transition: 

From Shrubland to: 

Deciduous - 8.5 

Coniferous - 9.4 

 

From Agro-pastoral  to: 

Deciduous - 1 

 

From Grassland to: 

Deciduous - 1 

Coniferous - 0.8 

 

Priority: 

Grassland: 0.1 

Shrubland: 10 

Agro-pastoral : 2 

14 - 16% 40 

16 - 18% 20 

18 - 20% 10 

20 - 22% 10 

>22% 20 
 

B) Deciduous LC dynamics: 

1. Biophysical factors (Slope, Aspect and Elevation) were 

considered for modelling transitions that increase the 

area of the Deciduous LC class, according to information 

about the ecology of the pyrenean oak (Quercus 

pyrenaica) (an important oak species in the study area 

(Ceballos-Barbancho et al. 2008, Sil et al. 2017): 

 

1.1 Aspect- Factor weight = 6. 

 

Aspect Suitability 

North 60 

Northeast 100 

East 80 

Southeast 70 

South 80 

Southwest 90 

West 90 

Northwest 100 

North 50 

Flat 10 
 

1.2 Slope- Factor weight = 7. 

 

Slope (%) Suitability 

0 - 2% 100 

2 - 4% 60 

4 - 6% 40 

6 - 8% 30 

8 - 10% 30 

10 - 12% 20 

12 - 14% 20 

14 - 16% 20 

16 - 18% 10 

18 - 20% 10 

>22% 20 
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20 - 22% 10 
 

1.3 Elevation- Factor weight = 8. 

 

Elevation (m) Suitability 

0 - 200m 10 

200 - 400m 20 

400 - 600m 30 

600 - 800m 100 

800 - 1000m 60 

1000 - 1200m 30 

1200 - 1400m 20 

1400 - 1600m 10 

1600 - 1800m 10 

1800 - 2000m 0 

2000 - 2200m 0 
 

4- Proximity to water lines - The increase in Deciduous area was 

defined to be also limited by the pixel’s proximity to water lines, 

according to (Amorim 2015). The factor acted up to 1000m from 

the rivers defined in the shapefile. Factor weight = 7. 

Scenario II 

– Business-

as-usual 

(BAU/Rewi

ld2) 

Reference 

scenario for 

2050 where the 

future patterns 

of land-use and 

land cover 

(LULC) changes 

tend to follow 

the historical 

LULC changes 

that took place 

between 1990 – 

2018. Socio-

ecological 

processes, 

namely the 

rural exodus 

and consequent 

land 

abandonment, 

the occurrence 

of wildfires, and 

forest 

The main trends of LULC 

changes observed 

between 1990 and 

2018, according to the 

CORINE LC time series, 

were used to build LULC 

transitions.  

 

% Change Goal: 

LC Change (%) 

Urban 0 

Agro-

pastoral                

-12 

Grassland +30 

Agroforestry -29 

Deciduous -36 

Coniferous -52 

Proximity suitability: A proximity rule of 1000m was applied to the 

Shrubland and Grassland LC classes. This rule intended to simulate 

vegetation encroachment near the abandoned agricultural and 

forest areas by favoring the conversion of cell pixels nearby the 

targeted land covers. 

 

Factors (global weight = 0.99):   

1.  Loss of agricultural activities is expected to be lower in 

areas close to rural/urban areas (Aguiar et al. 2009). 

Therefore, a spatial buffer was applied around Urban LC 

class (600 meters) targeting the transitions involving the 

Agriculture LC class. This factor will force the model to 

keep unchanged the areas inside the buffer, while 

potential transitions would be favored outside the buffer 

area. Factor weight = 9. 

 

2. Biophysical factors (Slope and Elevation) were 

considered for modelling transitions involving the 

Agriculture LC class (Mottet et al. 2006, Amorim 2015): 
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harvesting 

activities driven 

LULC changes, 

which resulted 

in the following 

trends: 

 

(1) Moderate 

decrease of 

agriculture and 

strong decrease 

of agroforestry 

activities; 

 

(2) Strong 

decrease of 

forest areas 

(coniferous, 

deciduous and 

mixed);  

 

(3) Strong 

increase of 

seminatural 

areas 

(shrubland and 

natural 

grassland). 

Mixed -48 

Shrubland +23 

Others 0 

Water 0 

 

 

Main transitions: 

From Agro-pastoral to: 

Shrubland - 8.17% 

Grassland - 3.51% 

 

From Deciduous to: 

Shrubland - 30.59% 

Grassland - 5.16% 

 

From Coniferous to: 

Shrubland - 52.18% 

 

From Mixed to: 

Shrubland - 48.09% 

 

Probability of transition: 

From Agro-pastoral to: 

Shrubland - 4 

Grassland - 3 

 

From Agroforestry to: 

Grassland - 4 

Shrubland - 3 

 

From Deciduous to: 

Shrubland - 3 

Grassland - 4 

 

2.1. Slope - a gradient of suitability was applied based on slope 

thresholds described in Mottet et al. (2006) to inform the model 

about the more and less suitable locations for the occurrence of the 

Agriculture LC class over the landscape. Factor weight = 9. 

Slope (%) Suitability 

0 - 2% 100 

2 - 4% 90 

4 - 6% 80 

6 - 8% 70 

8 - 10% 60 

10 - 12% 50 

12 - 14% 40 

14 - 16% 30 

16 - 18% 20 

18 - 20% 10 

20 - 22% 0 

>22% 0 
 

2.2. Elevation - a gradient of suitability was applied based on 

elevation thresholds observed for the Agriculture LC class in the 

year 2018, according to the Corine Land Cover (CLC) of 2018. This 

factor will inform the model about the more and less suitable 

locations for the occurrence of the Agriculture LC class over the 

landscape. Factor weight = 9. 

 

Elevation                    Suitability 

0 - 200m                     35 

200 - 400m 61 

400 - 600m 87 

600 - 800m 100 

800 - 1000m 74 

1000 - 1200m 48 

1200 - 1400m  22 

1400 - 1600m 9 

1600 - 1800m 0 

1800 - 2000m 0 

2000 - 2200m 0 

 

Note: If this restriction prevents to achieve our goals in terms of 

agricultural or forest areas to be abandoned, then the weight of this 

factor should be gradually reduced (in a calibration exercise) until 
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From Coniferous to: 

Shrubland - 4.9 

 

From Mixed to: 

Shrubland - 4.9 

 

the target area (i.e. % of change) is reached. 

Scenario III 

– Farmland 

Return 

(FireSmart

1) 

This scenario 

simulates the 

effect of a 

potential return 

to farmland 

activities due to 

encouraging 

agricultural 

policies (e.g. 

CAP) as the 

main driver of 

landscape 

change. 

Therefore, a 

moderate 

increase of 

croplands in 

former semi-

natural areas 

(shrubland and 

grassland) 

would be 

expected. 

The main trends of LULC 

changes observed 

between 2006 and 

2012, according to the 

CORINE LC time series, 

were used to build LULC 

transitions. 

 

% Change Goal: 

LC Change (%) 

Urban 0 

Agro-

pastoral                

+17 

Grassland -55 

Agroforestry 0 

Deciduous 0 

Coniferous 0 

Mixed 0 

Shrubland -11 

Others 0 

Water 0 

 

Main transitions: 

From Shrubland to: 

Agro-pastoral - 1.97% 

 

From Grassland to: 

Agro-pastoral - 10.35% 

Proximity suitability: A proximity rule of 1000m was applied to the 

Agro-pastoral areas  LC class, which favors the conversion of cell 

pixels nearby this targeted land cover, desired to increase. 

 

Factors (global weight = 0.6):   

1. Biophysical factors (Slope and Elevation) were 

considered for modelling transitions that increase 

Agriculture/Silvopastoral LC class: 

 

1.1 Slope - a gradient of suitability was applied based on slope 

thresholds described in Mottet et al. (2006) to inform the model 

about the more and less suitable locations for the occurence of the 

Agricultural and Silopastoral areas LC class over the landscape. 

Factor weight = 8. 

 

Slope (%) Suitability 

0 - 2% 100 

2 - 4% 90 

4 - 6% 80 

6 - 8% 70 

8 - 10% 60 

10 - 12% 50 

12 - 14% 40 

14 - 16% 30 

16 - 18% 20 

18 - 20% 10 

20 - 22% 0 

>22% 0 
  

 

2.2. Elevation - a gradient of suitability based on elevation 

thresholds observed for the Agriculture LC class in the year 2018, 

according to the corresponding CLC map. This factor informed the 

model about the more and less suitable locations for the 
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Probability of transition: 

From Shrubland to: 

Agro-pastoral - 4.2 

 

From Grassland to: 

Agro-pastoral - 5.3 

 

Priority: 

Grassland: 6 

Shrubland: 5 

 

 

occurrence of the Agro-pastoral areas LC class over the landscape. 

Factor weight = 6. 

 

Elevation (m) Suitability 

0 - 200m 35 

200 - 400m 61 

400 - 600m 87 

600 - 800m 100 

800 - 1000m 74 

1000 - 1200m 48 

1200 - 1400m 22 

1400 - 1600m 9 

1600 - 1800m 0 

1800 - 2000m 0 

2000 - 2200m 0 
 

Note: If this restriction prevents to achieve our goals in terms of 

Agro-pastoral areas increase, then the weight of these factors 

should be gradually reduced (in a calibration exercise) until the 

target area (i.e. % of change) is reached. 

Scenario 

IV – 

Firesmart 

(FireSmart

2) 

This scenario 

simulates the 

effect of 

potential return 

to farmland 

activities and 

the investment 

in agroforestry 

products (e.g. 

chestnut trees 

(Castanea 

sativa), which 

are the most 

relevant 

agroforestry 

culture in the 

study area 

(Gouveia et al. 

2016)) due to 

encouraging 

agricultural 

policies. The 

Agro-pastoral 

dynamics will 

be based on the 

transitions of 

two time 

periods, 2012-

2018 and 2000-

2006 and the 

Agroforestry 

The main trends of LULC 

changes observed 

between 2006-2012 and 

2012-2018, according to 

the CORINE LC time 

series were used to 

build LULC transitions.  

 

Area Change Goal: 

 

LC Area Change 

Urban 0 

Agro-

pastoral                

24213 

Grassland 0 

Agroforestry 17539 

Deciduous 0 

Coniferous 0 

Mixed 0 

Proximity suitability: A proximity rule of 3000m was applied to the 

Agro-pastoral areas and Agroforestry LC classes, which favoured the 

conversion of cell pixels nearby these targeted land covers, desired 

to increase. 

 

Factors (global weight = 0.99): 

 

A) Agroforestry dynamics- Due to the agroforestry 

species importance in the study area (Gouveia et 

al. 2016), factors were built according to the 

chestnut tree (Castanea sativa) ecology. 

 

Biophysical factors (Slope, Aspect and Elevation) were 

considered for modelling transitions that increase 

Agroforestry LC class. A gradient of suitability will be 

applied to the Agroforestry LC class to inform the model 

about the suitable locations for the occurrence of this LC 

class over the landscape. Suitability surfaces were 

created based on the distribution of this land cover class 

over the landscape in the year 1990. 

 

1- Aspect- Factor weight = 5. 
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dynamics in the 

transitions that 

occurred on the 

period of 1990-

2018.  

Shrubland 0 

Others 0 

Water 0 

 

 

Main transitions: 

 

From Shrubland to: 

Agro-pastoral (1.97%) 

 

From Grassland to: 

Agro-pastoral - 10.35% 

 

 

 

Probability of transition: 

 

From Shrubland to: 

Agro-pastoral - 6.4 

 

From Grassland to: 

Agro-pastoral - 6.2 

 

From Coniferous to: 

Agro-pastoral - 6.8 

 

From Deciduous to: 

Agroforestry - 6.8 

 

From Grassland to: 

Agroforestry - 6.4 

 

From Shrubland to: 

Agroforestry - 6.2 

 

Aspect Suitability   

North 72   

Northeast 80   

East 88   

Southeast 100   

South 92   

Southwest 76   

West 84   

Northwest 96   

North 72   

Flat 0   
 

 

2- Elevation- the elevation of the terrain was considered to 

determine the probability of occurrence of Agroforestry, 

since, according to Gomes-Laranjo et al. (2007), the 

chestnut trees can be found since sea level up to 1500 m 

and the interval between 700 and 1000m usually gathers 

the most suitable conditions for chestnut production. 

Factor weight = 6. 

 

 

Elevation (m) Suitability   

0 - 200m 9   

200 - 400m 22   

400 - 600m 48   

600 - 800m 100   

800 - 1000m 87   

1000 - 1200m 74   

1200 - 1400m 61   

1400 - 1600m 35   

1600 - 1800m 0   

1800 - 2000m 0   

2000 - 2200m 0   
 

3- Slope- Factor weight = 8. 

 

Slope (%) Suitability 

0 - 2% 100 

2 - 4% 92 

4 - 6% 84 

6 - 8% 76 

8 - 10% 68 

10 - 12% 60 
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Priority: 

Agroforestry - 8 

Agro-pastoral  - 6 

 

 

Patch (ha): 

Grassland - 10 

Deciduous - 10 

Shrubland - 10 

Coniferous - 10 

 

 

12 - 14% 52 

14 - 16% 44 

16 - 18% 36 

18 - 20% 28 

20 - 22% 12 

>22 20 
 

 

B) Agro-pastoraldynamics: 

 

The same factors considered to condition the conversion of 

Shrubland and Grassland into Agro-pastoral areas in the Farmland 

Return scenario were considered in the FireSmart scenario. 

 

 

Table A3. Transition table of the Afforestation (Rewild1) scenario. 

Id Name 
Short 

name 
1 2 3 4 5 6 7 8 9 10 

Percent 

Change 

Area 

Change 
Priority 

Proximity 

(m) 

Patch 

(ha) 

1 Urban Urb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 Agriculture Agric 0 0 0 0 1 0 0 0 0 0 -1 -5500 2 0 0 

3 Grassland Grass 0 0 0 0 1 0.8 0 0 0 0 -6 -4453 0.1 0 0 

4 Agroforestry Agrof 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 Deciduous Decid 0 0 0 0 0 0 0 0 0 0 0 46847 0 1000 0 

6 Conifers Conif 0 0 0 0 0 0 0 0 0 0 0 71800 0 1000 0 

7 Mixed Mix 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

8 Shrubland Shrub 0 0 0 0 8.5 9.4 0 0 0 0 -29 -114194 10 0 0 

9 Others Oth 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1

0 
Water Wat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

Table A4. Factors table of the Afforestation (Rewild1) scenario. 

Id Cover Short name Factor name Layer Wt Suitfield Dist (m) 

0 5 Dec_slope Deciduous_slope_suit Dec_slp_suit.shp 7 suit 0 

1 5 Dec_elev Deciduous_elev_suit Dec_elev_suit.shp 8 suit 0 
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2 5 Dec_asp Deciduous_aspect_suit Dec_asp_suit.shp 6 suit 0 

3 5 Rivers Deciduous_rivers_proximity rivers_mi_final.shp 7 suit 1000 

4 6 Con_slope Conifers_slope_suit Con_slp_suit.shp 6 suit 0 

5 6 Con_elev Conifers_elev_suit Con_elev_suit.shp 8 suit 0 

6 6 Con_asp Conifers_aspect_suit Con_asp_suit.shp 6 suit 0 

 

Table A5. Initial landscape from the 2018 Corine Land Cover map (number of pixels per LULC). 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 498444 76055 16839 66701 30061 16945 389990 19100 12741 

 

Table A6. Landscape of the Afforestation (Rewild1) scenario (number of pixels per LULC): Run 1. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 486703 72448 16839 113548 101861 16945 286691 19100 12741 

 

Table A7. Change table of the Afforestation (Rewild1) scenario (% of pixels per LULC): Run 1. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 42 6 1 10 8 1 25 1 1 

 

Table A8. Transition matrix of the Afforestation (Rewild1) scenario (number of pixels per LULC): Run 1. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 486703 0 0 11741 0 0 0 0 0 

3 0 0 72448 0 3607 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 0 66701 0 0 0 0 0 

6 0 0 0 0 0 30061 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 0 0 0 31499 71800 0 286691 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 
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Table A9. Landscape of the Afforestation (Rewild1) scenario (number of pixels per LULC): Run 2. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 487250 72121 16839 113548 101861 16945 286471 19100 12741 

 

Table A10. Change table of the Afforestation (Rewild1) scenario (% of pixels per LULC): Run 2. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 42 6 1 10 8 1 25 1 1 

 

Table A11. Transition matrix of the Afforestation (Rewild1) scenario (number of pixels per LULC): Run 2. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 487250 0 0 11194 0 0 0 0 0 

3 0 0 72121 0 3934 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 0 66701 0 0 0 0 0 

6 0 0 0 0 0 30061 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 0 0 0 31719 71800 0 286471 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table A12. Landscape of the Afforestation (Rewild1) scenario (number of pixels per LULC): Run 3. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 485642 72982 16839 113548 101861 16945 287218 19100 12741 

 

Table A13. Change table of the Afforestation (Rewild1) scenario (% of pixels per LULC): Run 3. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 42 6 1 10 8 1 25 1 1 
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Table A14. Transition matrix of the Afforestation (Rewild1) scenario (number of pixels per LULC): Run 3. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 485642 0 0 12802 0 0 0 0 0 

3 0 0 72982 0 3073 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 0 66701 0 0 0 0 0 

6 0 0 0 0 0 30061 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 0 0 0 30972 71800 0 287218 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table A15. Landscape of the Afforestation (Rewild1) scenario (number of pixels per LULC): Run 4. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 486322 73027 16839 113548 101861 16945 286493 19100 12741 

 

Table A16. Change table of the Afforestation (Rewild1) scenario (% of pixels per LULC): Run 4. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 42 6 1 10 8 1 25 1 1 

 

Table A17. Transition matrix of the Afforestation (Rewild1) scenario (number of pixels per LULC): Run 4. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 486322 0 0 12122 0 0 0 0 0 

3 0 0 73027 0 3028 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 0 66701 0 0 0 0 0 

6 0 0 0 0 0 30061 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 0 0 0 31697 71800 0 286493 0 0 
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9 0 0 0 0 0 0 0 0 19100 0 

10 0 0                 

 

Table A18. Landscape of the Afforestation (Rewild1) scenario (number of pixels per LULC): Run 5. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 485742 72764 16839 113548 101861 16945 287336 19100 12741 

 

Table A19. Change table of the Afforestation (Rewild1) scenario (% of pixels per LULC): Run 5. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 42 6 1 10 8 1 25 1 1 

 

Table A20. Transition matrix of the Afforestation (Rewild1) scenario (number of pixels per LULC): Run 5. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 485742 0 0 12702 0 0 0 0 0 

3 0 0 72764 0 3291 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 0 66701 0 0 0 0 0 

6 0 0 0 0 0 30061 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 0 0 0 30854 71800 0 287336 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table A21. Landscape of the Afforestation (Rewild1) scenario (number of pixels per LULC): Run 6. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 486944 72177 16839 113548 101861 16945 286721 19100 12741 

 

Table A22. Change table of the Afforestation (Rewild1) scenario (% of pixels per LULC): Run 6. 

Id 1 2 3 4 5 6 7 8 9 10 
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% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 42 6 1 10 8 1 25 1 1 

 

Table A23. Transition matrix of the Afforestation (Rewild1) scenario (number of pixels per LULC): Run 6. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 486944 0 0 11500 0 0 0 0 0 

3 0 0 72177 0 3878 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 0 66701 0 0 0 0 0 

6 0 0 0 0 0 30061 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 0 0 0 31469 71800 0 286721 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table A24. Landscape of the Afforestation (Rewild1) scenario (number of pixels per LULC): Run 7. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 485350 73178 16839 113548 101861 16945 287314 19100 12741 

 

Table A25. Change table of the Afforestation (Rewild1) scenario (% of pixels per LULC): Run7. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 42 6 1 10 8 1 25 1 1 

 

Table A26. Transition matrix of the Afforestation (Rewild1) scenario (number of pixels per LULC): Run 7. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 485350 0 0 13094 0 0 0 0 0 

3 0 0 73178 0 2877 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 
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5 0 0 0 0 66701 0 0 0 0 0 

6 0 0 0 0 0 30061 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 0 0 0 30876 71800 0 287314 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table A27. Landscape of the Afforestation (Rewild1) scenario (number of pixels per LULC): Run 8. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 487936 72069 16839 113548 101861 16945 285837 19100 12741 

 

Table A28. Change table of the Afforestation (Rewild1) scenario (% of pixels per LULC): Run8. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 43 6 1 10 8 1 25 1 1 

 

Table A29. Transition matrix of the Afforestation (Rewild1) scenario (number of pixels per LULC): Run 8. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 487936 0 0 10508 0 0 0 0 0 

3 0 0 72069 0 3986 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 0 66701 0 0 0 0 0 

6 0 0 0 0 0 30061 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 0 0 0 32353 71800 0 285837 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table A30. Landscape of the Afforestation (Rewild1) scenario (number of pixels per LULC): Run 9. 

ID 1 2 3 4 5 6 7 8 9 10 
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Count 7029 486146 73064 16839 113548 101861 16945 286632 19100 12741 

 

Table A31. Change table of the Afforestation (Rewild1) scenario (% of pixels per LULC): Run 9. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 42 6 1 10 8 1 25 1 1 

 

Table A32. Transition matrix of the Afforestation (Rewild1) scenario (number of pixels per LULC): Run 9. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 486146 0 0 12298 0 0 0 0 0 

3 0 0 73064 0 2991 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 0 66701 0 0 0 0 0 

6 0 0 0 0 0 30061 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 0 0 0 31558 71800 0 286632 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table A33. Landscape of the Afforestation (Rewild1) scenario (number of pixels per LULC): Run 10. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 486284 72438 16839 113548 101861 16945 287120 19100 12741 

 

Table A34. Change table of the Afforestation (Rewild1) scenario (% of pixels per LULC): Run 10. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 42 6 1 10 8 1 25 1 1 

 

Table A35. Transition matrix of the Afforestation (Rewild1) scenario (number of pixels per LULC): Run 10. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 
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2 0 486284 0 0 12160 0 0 0 0 0 

3 0 0 72438 0 3617 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 0 66701 0 0 0 0 0 

6 0 0 0 0 0 30061 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 0 0 0 31070 71800 0 287120 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table A36. BAU (Rewild2) scenario transition table 

Id Name Short 
name 

1 2 3 4 5 6 7 8 9 10 Percent 
Change 

Area 
Change 

Priority Proximity 
(m) 

Patch 
(ha) 

\ Urban Urb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 Agriculture Agric 0 0 3 0 0 0 0 4 0 0 -12 0 3 0 0 

3 Grassland Grass 0 0 0 0 0 0 0 0 0 0 30 0 5 1000 0 

4 Agroforestry Agrof 0 0 4 0 0 0 0 3 0 0 -29 0 4 0 0 

5 Deciduous Decid 0 0 4 0 0 0 0 3 0 0 -36 0 4 0 0 

6 Conifers Conif 0 0 0 0 0 0 0 4.9 0 0 -52 0 7 0 0 

7 Mixed Mix 0 0 0 0 0 0 0 4.9 0 0 -48 0 7 0 0 

8 Shrubland Shrub 0 0 0 0 0 0 0 0 0 0 23 0 8 1000 0 

9 Others Oth 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

10 Water Wat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

Table A37. Scenario factors table of the BAU (Rewild2) scenario. 

Id Cover Short name Factor name Layer Wt Suitfield Dist (m) 

0 2 buffer Urban_buffer Buffer.shp 9 suit 0 

1 2 slope Slope_suit Slope.shp 9 suit 0 

2 2 elev Elevation_suit Elevation.shp 9 suit 0 

 

Table A38. Initial landscape from the 2018 Corine Land Cover map (number of pixels per LULC). 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 498444 76055 16839 66701 30061 16945 389990 19100 12741 

 

Table A39. Landscape of the BAU (Rewild2) scenario (number of pixels per LULC): Run 10. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 414547 98871 11551 49173 27127 14079 479687 19100 12741 
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Table A40. BAU (Rewild2) scenario change table- Run 1 (% of pixels per LULC). 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 36 8 1 4 2 1 42 1 1 

 

Table A41. Transition matrix of the BAU (Rewild2) scenario (number of pixels per LULC): Run 1. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 414547 0 0 0 0 0 83897 0 0 

3 0 0 76055 0 0 0 0 0 0 0 

4 0 0 5288 11551 0 0 0 0 0 0 

5 0 0 17528 0 49173 0 0 0 0 0 

6 0 0 0 0 0 27127 0 2934 0 0 

7 0 0 0 0 0 0 14079 2866 0 0 

8 0 0 0 0 0 0 0 389990 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table A42. Landscape of the BAU (Rewild2) scenario (number of pixels per LULC): Run 2. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 417818 98871 12294 48430 23616 14319 479687 19100 12741 

 

Table A43. Change table of the BAU (Rewild2) scenario (% of pixels per LULC): Run 2. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 36 8 1 4 2 1 42 1 1 

 

Table A44. Transition matrix of the BAU (Rewild2) scenario (number of pixels per LULC): Run 2. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 417818 0 0 0 0 0 80626 0 0 

3 0 0 76055 0 0 0 0 0 0 0 

4 0 0 4545 12294 0 0 0 0 0 0 

5 0 0 18271 0 48430 0 0 0 0 0 

6 0 0 0 0 0 23616 0 6445 0 0 

7 0 0 0 0 0 0 14319 2626 0 0 

8 0 0 0 0 0 0 0 389990 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 
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Table A45. Landscape of the BAU (Rewild2) scenario (number of pixels per LULC): Run 3. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 416135 98871 11482 49242 26999 12619 479687 19100 12741 

Table A46. Change table of the BAU (Rewild2) scenario (% of pixels per LULC): Run 3. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 36 8 1 4 2 1 42 1 1 

 

Table A47. Transition matrix of the BAU (Rewild2) scenario (number of pixels per LULC): Run 3. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 416135 0 0 0 0 0 82309 0 0 

3 0 0 76055 0 0 0 0 0 0 0 

4 0 0 5357 11482 0 0 0 0 0 0 

5 0 0 17459 0 49242 0 0 0 0 0 

6 0 0 0 0 0 26999 0 3062 0 0 

7 0 0 0 0 0 0 12619 4326 0 0 

8 0 0 0 0 0 0 0 389990 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table A48. Landscape of the BAU (Rewild2) scenario (number of pixels per LULC): Run 4. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 414703 98871 12081 48643 26873 14177 479687 19100 12741 

 

Table A49. Change table of the BAU (Rewild2) scenario (% of pixels per LULC): Run 4. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 36 8 1 4 2 1 42 1 1 

 

Table A50. Transition matrix of the BAU (Rewild2) scenario (number of pixels per LULC): Run 4. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 414703 0 0 0 0 0 83741 0 0 

3 0 0 76055 0 0 0 0 0 0 0 

4 0 0 4758 12081 0 0 0 0 0 0 

5 0 0 18058 0 48643 0 0 0 0 0 

6 0 0 0 0 0 26873 0 3188 0 0 

7 0 0 0 0 0 0 14177 2768 0 0 

8 0 0 0 0 0 0 0 389990 0 0 
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9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table A51. Landscape of the BAU (Rewild2) scenario (number of pixels per LULC): Run 5. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 421643 98871 12478 48246 19944 14166 479687 19100 12741 

 

Table A52. Change table of the BAU (Rewild2) scenario (% of pixels per LULC): Run 5. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 37 8 1 4 1 1 42 1 1 

 

Table A53. Transition matrix of the BAU (Rewild2) scenario (number of pixels per LULC): Run 5. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 421643 0 0 0 0 0 76801 0 0 

3 0 0 76055 0 0 0 0 0 0 0 

4 0 0 4361 12478 0 0 0 0 0 0 

5 0 0 18455 0 48246 0 0 0 0 0 

6 0 0 0 0 0 19944 0 10117 0 0 

7 0 0 0 0 0 0 14166 2779 0 0 

8 0 0 0 0 0 0 0 389990 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table A54. BAU (Rewild2) scenario- landscape of Run 6 (number of pixels per LULC). 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 422315 98871 11782 48942 19265 14173 479687 19100 12741 

 

Table A55. Change table of the BAU (Rewild2) scenario (% of pixels per LULC): Run 6. 

Id 1 2 3 4 5  6 7 8 9 10 

% Before 0 43 6 1 5  2 1 34 1 1 

% After 0 37 8 1 4  1 1 42 1 1 

 

Table A56. Transition matrix of the BAU (Rewild2) scenario (number of pixels per LULC): Run 6. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 422315 0 0 0 0 0 76129 0 0 

3 0 0 76055 0 0 0 0 0 0 0 

4 0 0 5057 11782 0 0 0 0 0 0 

5 0 0 17759 0 48942 0 0 0 0 0 
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6 0 0 0 0 0 19265 0 10796 0 0 

7 0 0 0 0 0 0 14173 2772 0 0 

8 0 0 0 0 0 0 0 389990 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

 

Table A57. Landscape of the BAU (Rewild2) scenario (number of pixels per LULC): Run 7. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 421634 98871 12450 48274 19910 14209 479687 19100 12741 

 

Table A58. B Change table of the BAU (Rewild2) scenario (% of pixels per LULC): Run 7. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 37 8 1 4 1 1 42 1 1 

 

Table A59. Transition matrix of the BAU (Rewild2) scenario (number of pixels per LULC): Run 7. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 421634 0 0 0 0 0 76810 0 0 

3 0 0 76055 0 0 0 0 0 0 0 

4 0 0 4389 12450 0 0 0 0 0 0 

5 0 0 18427 0 48274 0 0 0 0 0 

6 0 0 0 0 0 19910 0 10151 0 0 

7 0 0 0 0 0 0 14209 2736 0 0 

8 0 0 0 0 0 0 0 389990 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table A60. Landscape of the BAU (Rewild2) scenario (number of pixels per LULC): Run 8. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 414378 98871 13397 47327 25775 15600 479687 19100 12741 

 

Table A61. Change table of the BAU (Rewild2) scenario (% of pixels per LULC): Run 8. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 36 8 1 4 2 1 42 1 1 

 

Table A62. Transition matrix of the BAU (Rewild2) scenario (number of pixels per LULC): Run 8. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 414378 0 0 0 0 0 84066 0 0 



FCUP 
Future impacts of fire-smart landscape management on biodiversity under rural abandoment and 

climate change scenarios 

70 

 
3 0 0 76055 0 0 0 0 0 0 0 

4 0 0 3442 13397 0 0 0 0 0 0 

5 0 0 19374 0 47327 0 0 0 0 0 

6 0 0 0 0 0 25775 0 4286 0 0 

7 0 0 0 0 0 0 15600 1345 0 0 

8 0 0 0 0 0 0 0 389990 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table A63. Landscape of the BAU (Rewild2) scenario (number of pixels per LULC): Run 9. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 420835 98871 10199 50525 22042 12876 479687 19100 12741 

 

Table A64. Change table of the BAU (Rewild2) scenario (% of pixels per LULC): Run 9. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 37 8 0 4 1 1 42 1 1 

 

Table A65. Transition matrix of the BAU (Rewild2) scenario (number of pixels per LULC): Run 9. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 420835 0 0 0 0 0 77609 0 0 

3 0 0 76055 0 0 0 0 0 0 0 

4 0 0 6640 10199 0 0 0 0 0 0 

5 0 0 16176 0 50525 0 0 0 0 0 

6 0 0 0 0 0 22042 0 8019 0 0 

7 0 0 0 0 0 0 12876 4069 0 0 

8 0 0 0 0 0 0 0 389990 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table A66. Landscape of the BAU (Rewild2) scenario (number of pixels per LULC): Run 10. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 420624 98871 14063 46661 19936 15193 479687 19100 12741 

 

Table A67. Change table of the BAU (Rewild2) scenario (% of pixels per LULC): Run 10.  

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 37 8 1 4 1 1 42 1 1 
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Table A68. Transition matrix of the BAU (Rewild2) scenario (number of pixels per LULC): Run 10. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 420624 0 0 0 0 0 77820 0 0 

3 0 0 76055 0 0 0 0 0 0 0 

4 0 0 2776 14063 0 0 0 0 0 0 

5 0 0 20040 0 46661 0 0 0 0 0 

6 0 0 0 0 0 19936 0 10125 0 0 

7 0 0 0 0 0 0 15193 1752 0 0 

8 0 0 0 0 0 0 0 389990 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table A69. Transition table for the Farmland Return (FireSmart1) scenario. 

 

Table A70. Factors table for the Farmland Return (FireSmart1) scenario. 

Id Cover Short name Factor name Layer Wt Suitfield Dist (m) 

0 2 slope Slope_suit Slope.shp 8 suit 0 

1 2 elev Elevation_suit Elevation.shp 6 suit 0 

 

Table A71. Initial landscape from the 2018 Corine Land Cover map (number of pixels per LULC). 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 498444 76055 16839 66701 30061 16945 389990 19100 12741 

 

Table A72. Landscape of the Farmland Return (FireSmart1) scenario (number of pixels per LULC): Run 1. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 583179 35896 16839 66701 30061 16945 345414 19100 12741 

 

Id Name 
Short 

name 
1 2 3 4 5 6 7 8 9 10 

Percent 

Change 

Area 

Change 
Priority 

Proximity 

(m) 
Patch (ha) 

1 Urban Urb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 Agriculture Agric 0 0 0 0 0 0 0 0 0 0 17 0 0 1000 0 

3 Grassland Grass 0 5.3 0 0 0 0 0 0 0 0 -55 0 6 0 0 

4 Agroforestry Agrof 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 Deciduous Decid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

6 Conifers Conif 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7 Mixed Mix 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

8 Shrubland Shrub 0 4.2 0 0 0 0 0 0 0 0 -11 0 5 0 0 

9 Others Oth 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

10 Water Wat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Table A73. Change table of the Landscape of the Farmland Return (FireSmart1) scenario (% of pixels per 

LULC): Run 1. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 51 3 1 5 2 1 30 1 1 

 

Table A74. Transition matrix of the Farmland Return (FireSmart1) scenario (number of pixels per LULC): 

Run 1. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 498444 0 0 0 0 0 0 0 0 

3 0 40159 35896 0 0 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 0 66701 0 0 0 0 0 

6 0 0 0 0 0 30061 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 44576 0 0 0 0 0 345414 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

 

Table A75. Landscape of the Farmland Return (FireSmart1) scenario (number of pixels per LULC): Run 2. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 583179 38330 16839 66701 30061 16945 342980 19100 12741 

 

Table A76. Change table of the Landscape of the Farmland Return (FireSmart1) scenario (% of pixels per 

LULC): Run 2. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 51 3 1 5 2 1 30 1 1 

 

Table A77. Transition matrix of the Farmland Return(FireSmart1) scenario (number of pixels per LULC): 

Run 2. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 498444 0 0 0 0 0 0 0 0 

3 0 37725 38330 0 0 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 0 66701 0 0 0 0 0 

6 0 0 0 0 0 30061 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 47010 0 0 0 0 0 342980 0 0 

9 0 0 0 0 0 0 0 0 19100 0 
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10 0 0 0 0 0 0 0 0 0 12741 

 

 

Table A78. Landscape of the Farmland Return (FireSmart1) scenario (number of pixels per LULC): Run 3. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 583179 36632 16839 66701 30061 16945 344678 19100 12741 

 

Table A79. Change table of the Landscape of the Farmland Return (FireSmart1) scenario (% of pixels per 

LULC): Run 3. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 51 3 1 5 2 1 30 1 1 

 

Table A80. Transition matrix of the Farmland Return(FireSmart1) scenario (number of pixels per LULC): 

Run 3. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 498444 0 0 0 0 0 0 0 0 

3 0 39423 36632 0 0 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 0 66701 0 0 0 0 0 

6 0 0 0 0 0 30061 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 45312 0 0 0 0 0 344678 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table A81. Landscape of the Farmland Return (FireSmart1) scenario (number of pixels per LULC): Run 4. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 583179 36642 16839 66701 30061 16945 344668 19100 12741 

 

Table A82. Change table of the Landscape of the Farmland Return (FireSmart1) scenario (% of pixels per 

LULC): Run 4. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 51 3 1 5 2 1 30 1 1 

 

Table A83. Transition matrix of the Farmland Return(FireSmart1) scenario (number of pixels per LULC): 

Run 4. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 498444 0 0 0 0 0 0 0 0 
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3 0 39413 36642 0 0 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 0 66701 0 0 0 0 0 

6 0 0 0 0 0 30061 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 45322 0 0 0 0 0 344668 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table A84. Landscape of the Farmland Return (FireSmart1) scenario (number of pixels per LULC): Run 5. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 583179 36653 16839 66701 30061 16945 344657 19100 12741 

Table A85. Landscape of the Farmland Return (FireSmart1) scenario (number of pixels per LULC): Run 5. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 51 3 1 5 2 1 30 1 1 

 

Table A86. Transition matrix of the Farmland Return(FireSmart1) scenario (number of pixels per LULC): 

Run 5. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 498444 0 0 0 0 0 0 0 0 

3 0 39402 36653 0 0 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 0 66701 0 0 0 0 0 

6 0 0 0 0 0 30061 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 45333 0 0 0 0 0 344657 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table A87. Landscape of the Farmland Return (FireSmart1) scenario (number of pixels per LULC): Run 6. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 583179 36748 16839 66701 30061 16945 344562 19100 12741 

 

Table A88. Change table of the Landscape of the Farmland Return (FireSmart1) scenario (% of pixels per 

LULC): Run 6. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 51 3 1 5 2 1 30 1 1 
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Table A89. Transition matrix of the Farmland Return(FireSmart1) scenario (number of pixels per LULC): 

Run 6. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 498444 0 0 0 0 0 0 0 0 

3 0 39307 36748 0 0 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 0 66701 0 0 0 0 0 

6 0 0 0 0 0 30061 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 45428 0 0 0 0 0 344562 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table A90. Landscape of the Farmland Return (FireSmart1) scenario (number of pixels per LULC): Run 7. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 583179 36557 16839 66701 30061 16945 344753 19100 12741 

 

Table A91. Change table of the Landscape of the Farmland Return (FireSmart1) scenario (% of pixels per 

LULC): Run 7. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 51 3 1 5 2 1 30 1 1 

 

Table A92. Transition matrix of the Farmland Return(FireSmart1) scenario (number of pixels per LULC): 

Run 7. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 498444 0 0 0 0 0 0 0 0 

3 0 39498 36557 0 0 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 0 66701 0 0 0 0 0 

6 0 0 0 0 0 30061 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 45237 0 0 0 0 0 344753 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table A93. Landscape of the Farmland Return (FireSmart1) scenario (number of pixels per LULC): Run 8. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 583179 40419 16839 66701 30061 16945 340891 19100 12741 
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Table A94. Change table of the Landscape of the Farmland Return (FireSmart1) scenario (% of pixels per 

LULC): Run 8. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 51 3 1 5 2 1 30 1 1 

Table A95. Transition matrix of the Farmland Return (FireSmart1) scenario (number of pixels per LULC): 

Run 8. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 498444 0 0 0 0 0 0 0 0 

3 0 35636 40419 0 0 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 0 66701 0 0 0 0 0 

6 0 0 0 0 0 30061 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 49099 0 0 0 0 0 340891 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table A96. Landscape of the Farmland Return (FireSmart1) scenario (number of pixels per LULC): Run 9. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 583179 37977 16839 66701 30061 16945 343333 19100 12741 

 

Table A97. Change table of the Landscape of the Farmland Return (FireSmart1) scenario (% of pixels per 

LULC): Run 9. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 51 3 1 5 2 1 30 1 1 

 

Table A98. Transition matrix of the Farmland Return(FireSmart1) scenario (number of pixels per LULC): 

Run 9. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 498444 0 0 0 0 0 0 0 0 

3 0 38078 37977 0 0 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 0 66701 0 0 0 0 0 

6 0 0 0 0 0 30061 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 46657 0 0 0 0 0 343333 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0                 
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Table A99. Landscape of the Farmland Return (FireSmart1) scenario (number of pixels per LULC): Run 

10. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 583179 35803 16839 66701 30061 16945 345507 19100 12741 

 

Table A100. Change table of the Landscape of the Farmland Return (FireSmart1) scenario (% of pixels 

per LULC): Run 10. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 51 3 1 5 2 1 30 1 1 

 

Table A101. Transition matrix of the Farmland Return(FireSmart1) scenario (number of pixels per LULC): 

Run 10. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 498444 0 0 0 0 0 0 0 0 

3 0 40252 35803 0 0 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 0 66701 0 0 0 0 0 

6 0 0 0 0 0 30061 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 44483 0 0 0 0 0 345507 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table 102. Transition table of the FireSmart (FireSmart2) scenario. 

Id Name Short name 1 2 3 4 5 6 7 8 9 10 Percent Change Area Change Priority Proximity (m) Patch (ha) 

1 Urban Urb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 Agriculture Agric 0 0 0 0 0 0 0 0 0 0 0 24213 6 3000 0 

3 Grassland Grass 0 6.2 0 6.4 0 0 0 0 0 0 0 0 0 0 10 

4 Agroforestry Agrof 0 0 0 0 0 0 0 0 0 0 0 17539 8 3000 0 

5 Deciduous Decid 0 0 0 6.8 0 0 0 0 0 0 0 0   0 10 

6 Conifers Conif 0 6.8 0 0 0 0 0 0 0 0 0 0   0 10 

7 Mixed Mix 0 0 0 0 0 0 0 0 0 0 0 0   0 0 

8 Shrubland Shrub 0 6.4 0 6.2 0 0 0 0 0 0 0 0   0 10 

9 Others Oth 0 0 0 0 0 0 0 0 0 0 0 0   0 0 

10 Water Wat 0 0 0 0 0 0 0 0 0 0 0 0   0 0 

 

Table 103. Factors table of the FireSmart (FireSmart2) scenario. 

Id Cover Short name Factor name Layer Wt Suitfield Dist (m) 

0 2 slope Slope_suit Slope.shp 8 suit 0 

1 2 elev Elevation_suit Elevation.shp 6 suit 0 
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2 4 asp_AF Aspect_suit_AF Aspect_AF.shp 5 suit 0 

3 4 elev_AF Elevation_suit_AF Elevation_AF.shp 6 suit 0 

4 4 slope_AF Slope_suit_AF Slope_AF.shp 8 suit 0 

 

 

Table 104. Initial landscape from the 2018 Corine Land Cover map (number of pixels per LULC). 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 522657 70299 34378 63871 28582 16945 358303 19100 12741 

 

Table 105. Landscape of the FireSmart (FireSmart2) scenario (number of pixels per LULC): Run 1. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 522657 70299 34378 63871 28582 16945 358303 19100 12741 

Table 106. Change table of the landscape of the FireSmart (FireSmart2) scenario (% of pixels per LULC): 

Run 1. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 46 6 3 5 2 1 31 1 1 

 

Table 107. Transition matrix of the FireSmart (FireSmart2) scenario (number of pixels per LULC): Run 1. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 498444 0 0 0 0 0 0 0 0 

3 0 4483 70299 1273 0 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 2830 63871 0 0 0 0 0 

6 0 1479 0 0 0 28582 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 18251 0 13436 0 0 0 358303 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table 108. Landscape of the FireSmart (FireSmart2) scenario (number of pixels per LULC): Run 2. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 522657 72040 34378 65006 29361 16945 354648 19100 12741 

 

Table 109. Change table of the landscape of the FireSmart (FireSmart2) scenario (% of pixels per LULC): 

Run 2. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 46 6 3 5 2 1 31 1 1 
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Table 110. Transition matrix of the FireSmart (FireSmart2) scenario (number of pixels per LULC): Run 2. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 498444 0 0 0 0 0 0 0 0 

3 0 2885 72040 1130 0 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 1695 65006 0 0 0 0 0 

6 0 700 0 0 0 29361 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 20628 0 14714 0 0 0 354648 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table 111. Landscape of the FireSmart (FireSmart2) scenario (number of pixels per LULC): Run 3. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 522657 70211 34378 65165 29157 16945 356522 19100 12741 

 

Table 112. Change table of the landscape of the FireSmart (FireSmart2) scenario (% of pixels per LULC): 

Run 3. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 46 6 3 5 2 1 31 1 1 

 

Table 113. Transition matrix of the FireSmart (FireSmart2) scenario (number of pixels per LULC): Run 3. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 498444 0 0 0 0 0 0 0 0 

3 0 4734 70211 1110 0 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 1536 65165 0 0 0 0 0 

6 0 904 0 0 0 29157 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 18575 0 14893 0 0 0 356522 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table 114. Landscape of the FireSmart (FireSmart2) scenario (number of pixels per LULC): Run 4. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 522657 68778 34378 64200 29444 16945 358633 19100 12741 
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Table 115. Change table of the landscape of the FireSmart (FireSmart2) scenario (% of pixels per LULC): 

Run 4. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 46 6 3 5 2 1 31 1 1 

 

Table 116. Transition matrix of the FireSmart (FireSmart2) scenario (number of pixels per LULC): Run 4. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 498444 0 0 0 0 0 0 0 0 

3 0 4421 68778 2856 0 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 2501 64200 0 0 0 0 0 

6 0 617 0 0 0 29444 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 19175 0 12182 0 0 0 358633 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table 117. Landscape of the FireSmart (FireSmart2) scenario (number of pixels per LULC): Run 5. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 522657 61845 34378 65532 29458 16945 364220 19100 12741 

 

Table 118. Change table of the landscape of the FireSmart (FireSmart2) scenario (% of pixels per LULC): 

Run 5. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 46 5 3 5 2 1 32 1 1 

 

Table 119. Transition matrix of the FireSmart (FireSmart2) scenario (number of pixels per LULC): Run 5. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 498444 0 0 0 0 0 0 0 0 

3 0 7313 61845 6897 0 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 1169 65532 0 0 0 0 0 

6 0 603 0 0 0 29458 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 16297 0 9473 0 0 0 364220 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0                 
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Table 120. Landscape of the FireSmart (FireSmart2) scenario (number of pixels per LULC): Run 6. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 522657 70688 34378 63740 28748 16945 357879 19100 12741 

 

Table 121. Change table of the landscape of the FireSmart (FireSmart2) scenario (% of pixels per LULC): 

Run 6. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 46 6 3 5 2 1 31 1 1 

 

Table 122. Transition matrix of the FireSmart (FireSmart2) scenario (number of pixels per LULC): Run 6. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 498444 0 0 0 0 0 0 0 0 

3 0 890 70688 4477 0 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 2961 63740 0 0 0 0 0 

6 0 1313 0 0 0 28748 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 22010 0 10101 0 0 0 357879 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table 123. Landscape of the FireSmart (FireSmart2) scenario (number of pixels per LULC): Run 7. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 522657 71272 34378 63988 28463 16945 357332 19100 12741 

 

Table 124. Change table of the landscape of the FireSmart (FireSmart2) scenario (% of pixels per LULC): 

Run 7. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 46 6 3 5 2 1 31 1 1 

           

Table 125. Transition matrix of the FireSmart (FireSmart2) scenario (number of pixels per LULC): Run 7. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 498444 0 0 0 0 0 0 0 0 

3 0 3649 71272 1134 0 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 2713 63988 0 0 0 0 0 

6 0 1598 0 0 0 28463 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 
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8 0 18966 0 13692 0 0 0 357332 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

 

Table 126. Landscape of the FireSmart (FireSmart2) scenario (number of pixels per LULC): Run 8. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 522657 70347 34378 64943 28464 16945 357301 19100 12741 

 

Table 127. Change table of the landscape of the FireSmart (FireSmart2) scenario (% of pixels per LULC): 

Run 8. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 46 6 3 5 2 1 31 1 1 

 

Table 128. Transition matrix of the FireSmart (FireSmart2) scenario (number of pixels per LULC): Run 8. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 498444 0 0 0 0 0 0 0 0 

3 0 4794 70347 914 0 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 1758 64943 0 0 0 0 0 

6 0 1597 0 0 0 28464 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 17822 0 14867 0 0 0 357301 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table 129. Landscape of the FireSmart (FireSmart2) scenario (number of pixels per LULC): Run 9. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 522657 64085 34378 65266 29333 16945 362371 19100 12741 

 

Table 130. Change table of the landscape of the FireSmart (FireSmart2) scenario (% of pixels per LULC): 

Run 9. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 46 5 3 5 2 1 31 1 1 

 

Table 131. Transition matrix of the FireSmart (FireSmart2) scenario (number of pixels per LULC): Run 9. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 498444 0 0 0 0 0 0 0 0 
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3 0 4928 64085 7042 0 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 1435 65266 0 0 0 0 0 

6 0 728 0 0 0 29333 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 18557 0 9062 0 0 0 362371 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 

 

Table 132. Landscape of the FireSmart (FireSmart2) scenario (number of pixels per LULC): Run 10. 

ID 1 2 3 4 5 6 7 8 9 10 

Count 7029 522657 67003 34378 65158 28700 16945 360194 19100 12741 

 

Table 133. Change table of the landscape of the FireSmart (FireSmart2) scenario (% of pixels per LULC): 

Run 10. 

Id 1 2 3 4 5 6 7 8 9 10 

% Before 0 43 6 1 5 2 1 34 1 1 

% After 0 46 5 3 5 2 1 31 1 1 

 

Table 134. Transition matrix of the FireSmart (FireSmart2) scenario (number of pixels per LULC): Run 10. 

ID 1 2 3 4 5 6 7 8 9 10 

1 7029 0 0 0 0 0 0 0 0 0 

2 0 498444 0 0 0 0 0 0 0 0 

3 0 4943 67003 4109 0 0 0 0 0 0 

4 0 0 0 16839 0 0 0 0 0 0 

5 0 0 0 1543 65158 0 0 0 0 0 

6 0 1361 0 0 0 28700 0 0 0 0 

7 0 0 0 0 0 0 16945 0 0 0 

8 0 17909 0 11887 0 0 0 360194 0 0 

9 0 0 0 0 0 0 0 0 19100 0 

10 0 0 0 0 0 0 0 0 0 12741 
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Appendix. B: Climate data 
 
Table B1. Matrix indicating the results of the Pearson correlation analysis between bioclimatic variables. Codes refer to: BIO1 - Annual Mean Temperature; BIO3 - Isothermality; 

BIO4 - Temperature Seasonality; BIO5 - Max Temperature of Warmest Month; BIO6 - Min Temperature of Coldest Month; BIO7 - Temperature Annual Range; BIO10 - Mean 

Temperature of Warmest Quarter; BIO11 - Mean Temperature of Coldest Quarter; BIO12 - Annual Precipitation; BIO13 - Precipitation of Wettest Month; BIO14 - Precipitation of 

Driest Month; BIO15 - Precipitation Seasonality; BIO16 - Precipitation of Wettest Quarter; BIO17 - Precipitation of Driest Quarter; BIO18 - Precipitation of Warmest Quarter; 

BIO19 - Precipitation of Coldest Quarter. Variable BIO2 (Mean Diurnal Range) was excluded given its low biological significance, while BIO8 (Mean Temperature of Wettest 

Quarter) and BIO9 (Mean Temperature of Driest Quarter) were removed due to data artifacts. The bioclimatic variables were selected by excluding highly correlated pairs 

(Pearson correlation > 0.7 or < -0.7 and VIF > 3), but also having into account their ecological meaning according to previous ecological modelling studies for birds and herptiles 

in the Iberian Peninsula. The selected variables are highlighted in bold and grey shade. 

 

 BIO1 BIO3 BIO4 BIO5 BIO6 BIO7 BIO10 BIO11 BIO12 BIO13 BIO14 BIO15 BIO16 BIO17 BIO18 BIO19 

                 

BIO1 - 0.225 -0.175 0.715 0.785 -0.027 0.886 0.936 -0.479 -0.210 -0.328 0.227 -0.350 -0.566 -0.573 -0.227 

BIO3 0.225 - -0.290 0.203 0.183 0.023 0.102 0.297 -0.033 0.079 0.029 0.160 0.023 -0.196 -0.188 0.008 

BIO4 -0.175 -0.290 - 0.496 -0.676 0.912 0.292 -0.504 -0.528 -0.535 -0.355 -0.387 -0.593 -0.214 -0.092 -0.611 

BIO5 0.715 0.203 0.496 - 0.181 0.662 0.933 0.457 -0.778 -0.490 -0.570 0.029 -0.666 -0.717 -0.646 -0.612 

BIO6 0.785 0.183 -0.676 0.181 - -0.617 0.444 0.923 0.001 0.191 -0.008 0.412 0.131 -0.223 -0.272 0.155 

BIO7 -0.027 0.023 0.912 0.662 -0.617 - 0.408 -0.338 -0.623 -0.538 -0.450 -0.291 -0.632 -0.403 -0.309 -0.608 

BIO10 0.886 0.102 0.292 0.933 0.444 0.408 - 0.678 -0.714 -0.429 -0.497 0.074 -0.606 -0.670 -0.629 -0.511 

BIO11 0.936 0.297 -0.504 0.457 0.923 -0.338 0.678 - -0.241 0.015 -0.177 0.356 -0.097 -0.437 -0.493 0.011 

BIO12 -0.479 -0.033 -0.528 -0.778 0.001 -0.623 -0.714 -0.241 - 0.805 0.738 0.184 0.925 0.821 0.716 0.788 
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BIO13 -0.210 0.079 -0.535 -0.490 0.191 -0.538 -0.429 0.015 0.805 - 0.457 0.656 0.908 0.480 0.345 0.594 

BIO14 -0.328 0.029 -0.355 -0.570 -0.008 -0.450 -0.497 -0.177 0.738 0.457 - -0.157 0.535 0.810 0.742 0.543 

BIO15 0.227 0.160 -0.387 0.029 0.412 -0.291 0.074 0.356 0.184 0.656 -0.157 - 0.471 -0.196 -0.276 0.123 

BIO16 -0.350 0.023 -0.593 -0.666 0.131 -0.632 -0.606 -0.097 0.925 0.908 0.535 0.471 - 0.633 0.516 0.688 

BIO17 -0.566 -0.196 -0.214 -0.717 -0.223 -0.403 -0.670 -0.437 0.821 0.480 0.810 -0.196 0.633 - 0.931 0.490 

BIO18 -0.573 -0.188 -0.092 -0.646 -0.272 -0.309 -0.629 -0.493 0.716 0.345 0.742 -0.276 0.516 0.931 - 0.324 

BIO19 -0.227 0.008 -0.611 -0.612 0.155 -0.608 -0.511 0.011 0.788 0.594 0.543 0.123 0.688 0.490 0.324 - 

 

 

Table B2. Description of the bioclimatic variables used in species distribution models. The code, name, units and the regional (Iberian Peninsula) and local (Meseta Ibérica) 

variable ranges are indicated for each variable. 

Code Variable name Units Iberian Peninsula Meseta Ibérica 

BIO3 Isothermality Coefficient 25 – 43 33 - 40 

BIO4 Temperature Seasonality Coefficient 387 - 870 666 - 813 

BIO10 Mean Temperature of Warmest Quarter ºC 11.2 – 28.4 15.2 – 26.8 

BIO11 Mean Temperature of Coldest Quarter ºC -7.8 – 12.9 -3.1 – 6.7 

BIO15 Precipitation Seasonality Coefficient 23 – 94 47 - 76 

BIO16 Precipitation of Wettest Quarter mm 200 - 2200 510 - 1110 

BIO17 Precipitation of Driest Quarter mm 0 - 470 0 - 130 
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BIO19 Precipitation of Coldest Quarter mm 30 - 1130 120 - 470 

 

 

Appendix C: Information about the modelled species and respective land 

cover and climate models. 

 

Table C1. Species information: taxonomic group, scientific name, acronym, number of presences (N), regional conservation status (International Union for Conservation of 

Nature - IUCN), species under protection of the European Birds and Habitats Directives, Iberian endemicity, and main habitat preference. Model replicates refer to the number 

of simulations for each modelling algorithm. Quality threshold states the area under the curve (AUC) of a receiver operating characteristics (ROC) used for model selection (to 

be included on ensemble modelling). AUC and True Skill Statistics (TSS) show the accuracy of ensemble models. 

Taxonomic 

group 
Scientific name Acronym N 

Regional 

IUCN 

status 

EU 

Directives 

Iberian 

endemic 
Habitat 

Model 

replicates 

Quality 

threshold 

(AUC) 

Land cover 

models Climate models 

AUC TSS AUC TSS 

Amphibia Alytes cisternasii ACI 1253 NT Yes Yes Generalist 10 0.8 0.94 0.75 0.96 0.795 

Amphibia Alytes obstetricans AOB 2336 NT Yes No Wetlands 10 0.8 0.898 0.617 0.927 0.681 

Amphibia Bufo spinosus BSP 4471 LC No No Generalist 10 0.7 0.86 0.544 0.915 0.654 

Amphibia Discoglossus galganoi DGA 1930 NT Yes Yes Forest 10 0.7 0.997 0.952 0.993 0.924 

Amphibia Epidalea calamita ECA 3973 LC Yes No Wetlands 10 0.7 0.998 0.961 0.949 0.757 

Amphibia Hyla molleri HMO 1502 LC Yes Yes Wetlands 10 0.8 0.983 0.882 0.957 0.759 

Amphibia Lissotriton boscai LBO 1695 LC No Yes Wetlands 10 0.8 0.91 0.646 0.948 0.76 
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Amphibia Lissotriton helveticus LHE 701 VU No No Wetlands 10 0.8 0.945 0.774 0.971 0.833 

Amphibia Pelobates cultripes PCU 2221 NT Yes No Wetlands 10 0.8 0.981 0.889 0.968 0.786 

Amphibia Pelophylax perezi PPE 5587 LC No No Wetlands 10 0.8 0.996 0.959 0.989 0.932 

Amphibia Pelodytes punctatus PPU 1765 LC No No Wetlands 10 0.7 0.985 0.879 0.95 0.776 

Amphibia Pleurodeles waltl PWA 1897 NT No No Wetlands 10 0.8 0.919 0.7 0.918 0.659 

Amphibia Rana iberica RIB 953 VU Yes Yes Wetlands 10 0.8 0.951 0.746 0.984 0.871 

Amphibia Salamandra salamandra SSA 2422 VU No No Wetlands 10 0.8 0.898 0.621 0.928 0.706 

Amphibia Triturus marmoratus TMA 2485 LC Yes No Wetlands 10 0.7 0.901 0.621 0.924 0.673 

Birds Accipiter gentilis ACCGENT 2266 VU Yes No Forest 10 0.7 0.863 0.549 0.991 0.895 

Birds Accipiter nisus ACCNISU 2565 LC Yes No Forest 10 0.7 0.858 0.53 0.984 0.88 

Birds Acrocephalus arundinaceus ACRARUN 1348 LC No No Wetlands 10 0.8 0.98 0.85 0.99 0.908 

Birds Acrocephalus scirpaceus ACRSCIR 1581 NT No No Wetlands 10 0.7 0.875 0.586 0.991 0.912 

Birds Aegithalos caudatus AEGCAUD 4157 LC No No Forest 10 0.7 0.851 0.515 0.888 0.599 

Birds Alauda arvensis ALAARVE 2999 LC Yes No Open 10 0.8 0.961 0.746 0.896 0.62 

Birds Alcedo atthis ALCATTH 2285 NT Yes No Wetlands 10 0.7 0.855 0.533 0.861 0.542 

Birds Alectoris rufa ALERUFA 5050 LC Yes No Open 10 0.7 0.947 0.8 0.946 0.803 

Birds Anas clypeata ANACLYP 141 EN Yes No Wetlands 10 0.8 0.992 0.952 0.987 0.945 

Birds Anas platyrhynchos ANAPLAT 3354 LC Yes No Wetlands 10 0.7 0.837 0.495 0.871 0.56 

Birds Anas strepera ANASTRE 305 VU Yes No Wetlands 10 0.8 0.971 0.875 0.981 0.913 

Birds Anthus campestris ANTCAMP 2248 LC Yes No Open 10 0.8 0.974 0.8 0.896 0.614 

Birds Anthus spinoletta ANTSPIN 439 EN No No Open 10 0.8 0.984 0.908 0.987 0.908 

Birds Anthus trivialis ANTTRIV 1163 NT No No Forest 10 0.8 0.939 0.743 0.97 0.846 

Birds Apus melba APUMELB 1047 NT No No Open 10 0.7 0.894 0.612 0.975 0.849 
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Birds Apus pallidus APUPALL 847 LC No No Open 10 0.8 0.934 0.728 0.945 0.75 

Birds Aquila chrysaetos AQUCHRY 700 EN Yes No Open 10 0.7 0.939 0.739 0.968 0.835 

Birds Ardea cinerea ARDCINE 543 LC No No Wetlands 10 0.7 0.969 0.857 0.994 0.944 

Birds Ardea purpurea ARDPURP 259 EN Yes No Wetlands 10 0.8 0.975 0.867 0.977 0.872 

Birds Asio flammeus ASIFLAM 77 EN Yes No Open 10 0.8 0.985 0.933 0.991 0.973 

Birds Asio otus ASIOTUS 1362 DD No No Forest 10 0.7 0.923 0.699 0.893 0.597 

Birds Athene noctua ATHNOCT 4424 LC No No Open 10 0.7 0.936 0.731 0.962 0.793 

Birds Aythya ferina AYTFERI 195 EN Yes No Wetlands 10 0.8 0.988 0.941 0.987 0.94 

Birds Bubo bubo BUBBUBO 2141 NT Yes No Forest 10 0.7 0.897 0.628 0.88 0.601 

Birds Bubulcus ibis BUBIBIS 287 LC No No Wetlands 10 0.8 0.99 0.942 0.964 0.827 

Birds Burhinus oedicnemus BUROEDI 2264 VU Yes No Open 10 0.8 0.891 0.61 0.975 0.836 

Birds Buteo buteo BUTBUTE 4504 LC No No Forest 10 0.7 0.975 0.858 0.867 0.546 

Birds Calandrella brachydactyla CALBRAC 2245 VU Yes No Open 10 0.8 0.989 0.89 0.992 0.909 

Birds Alauda rufescens CALRUFE 246 CR No No Open 10 0.8 0.976 0.871 0.985 0.903 

Birds Caprimulgus europaeus CAPEURO 1979 VU Yes No Open 10 0.8 0.984 0.859 0.899 0.618 

Birds Caprimulgus ruficollis CAPRUFI 1781 VU No No Open 10 0.8 0.998 0.961 0.916 0.656 

Birds Carduelis spinus CARSPIN 84 LC No No Forest 10 0.8 0.989 0.938 0.99 0.963 

Birds Hirundo daurica CECDAUR 1253 LC No No Open 10 0.8 0.908 0.649 0.992 0.952 

Birds Certhia brachydactyla CERBRAC 2336 LC No No Forest 10 0.7 0.909 0.648 0.868 0.56 

Birds Cettia cetti CETCETT 4471 LC No No Forest 10 0.7 0.998 0.96 0.927 0.674 

Birds Charadrius dubius CHADUBI 1930 LC No No Wetlands 10 0.7 0.879 0.582 0.989 0.896 

Birds Chersophilus duponti CHEDUPO 3973 EN Yes No Open 10 0.8 0.98 0.896 0.98 0.907 

Birds Chlidonias hybrida CHLHYBR 1502 CR Yes No Wetlands 10 0.8 0.991 0.954 0.991 0.959 
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Birds Ciconia ciconia CICCICO 1695 LC Yes No Open 10 0.8 0.927 0.688 0.927 0.705 

Birds Ciconia nigra CICNIGR 701 VU Yes No Wetlands 10 0.8 0.963 0.831 0.964 0.838 

Birds Cinclus cinclus CINCINC 2221 LC No No Wetlands 10 0.8 0.93 0.705 0.937 0.728 

Birds Circus aeruginosus CIRAERU 5587 VU Yes No Wetlands 10 0.8 0.974 0.856 0.979 0.891 

Birds Circus cyaneus CIRCYAN 1765 CR Yes No Open 10 0.8 0.968 0.848 0.963 0.832 

Birds Circaetus gallicus CIRGALL 1897 NT Yes No Open 10 0.7 0.866 0.562 0.944 0.728 

Birds Circus pygargus CIRPYGA 953 EN Yes No Open 10 0.7 0.919 0.646 0.992 0.913 

Birds Cisticola juncidis CISJUNC 2422 LC No No Open 10 0.8 0.931 0.704 0.97 0.814 

Birds Clamator glandarius CLAGLAN 2485 VU No No Open 10 0.7 0.877 0.566 0.994 0.925 

Birds 

Coccothraustes 

coccothraustes COCCOCC 2266 LC No No Forest 

10 

0.8 0.998 0.961 

0.965 0.818 

Birds Columba livia COLLIVI 2565 DD Yes No Open 10 0.7 0.921 0.704 0.945 0.787 

Birds Columba oenas COLOENA 1348 DD Yes No Forest 10 0.8 0.945 0.716 0.917 0.68 

Birds Columba palumbus COLPALU 1581 LC Yes No Forest 10 0.7 0.983 0.899 0.947 0.793 

Birds Corvus corone CORCORO 4157 LC Yes No Open 10 0.8 0.921 0.669 0.936 0.701 

Birds Coracias garrulus CORGARR 2999 CR Yes No Forest 10 0.8 0.954 0.785 0.927 0.705 

Birds Corvus monedula CORMONE 2285 LC Yes No Open 10 0.7 0.871 0.539 0.992 0.902 

Birds Coturnix coturnix COTCOTU 5050 LC Yes No Open 10 0.7 0.988 0.89 0.934 0.717 

Birds Cuculus canorus CUCCANO 141 LC No No Open 10 0.7 0.998 0.961 0.98 0.856 

Birds Cyanopica cyana CYACYAN 3354 LC No No Forest 10 0.8 0.93 0.727 0.954 0.765 

Birds Dendrocopos major DENMAJO 305 LC Yes No Forest 10 0.8 0.996 0.94 0.974 0.814 

Birds Dendrocopos minor DENMINO 2248 LC No No Forest 10 0.8 0.999 0.987 0.95 0.751 

Birds Egretta garzetta EGRGARZ 439 LC Yes No Forest 10 0.8 0.984 0.926 0.976 0.878 

Birds Elanus caeruleus ELACAER 1163 NT Yes No Forest 10 0.8 0.946 0.774 0.943 0.734 
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Birds Emberiza calandra EMBCALA 1047 LC No No Open 10 0.7 0.888 0.608 0.908 0.695 

Birds Emberiza cia EMBCIA 847 LC No No Open 10 0.8 0.892 0.6 0.94 0.681 

Birds Emberiza cirlus EMBCIRL 700 LC No No Open 10 0.7 0.875 0.542 0.991 0.901 

Birds Emberiza citrinella EMBCITR 543 VU No No Open 10 0.8 0.955 0.793 0.983 0.898 

Birds Emberiza hortulana EMBHORT 259 DD Yes No Open 10 0.8 0.924 0.7 0.947 0.755 

Birds Erithacus rubecula ERIRUBE 77 LC No No Forest 10 0.8 0.9 0.612 0.905 0.619 

Birds Falco naumanni FALNAUM 1362 VU Yes No Open 10 0.8 0.924 0.699 0.93 0.723 

Birds Falco peregrinus FALPERE 4424 VU Yes No Open 10 0.8 0.997 0.946 0.99 0.892 

Birds Falco subbuteo FALSUBB 195 VU No No Forest 10 0.7 0.896 0.619 0.975 0.819 

Birds Ficedula hypoleuca FICHYPO 2141 NE No No Forest 10 0.8 0.969 0.874 0.975 0.899 

Birds Fringilla coelebs FRICOEL 287 LC Yes No Forest 10 0.7 0.867 0.557 0.901 0.644 

Birds Fulica atra FULATRA 2264 LC Yes No Wetlands 10 0.8 0.951 0.761 0.927 0.688 

Birds Gallinula chloropus GALCHLO 4504 LC No No Wetlands 10 0.7 0.847 0.516 0.874 0.593 

Birds Galerida cristata GALCRIS 2245 LC No No Open 10 0.8 0.956 0.807 0.934 0.701 

Birds Galerida theklae GALTHEK 246 LC Yes No Open 10 0.8 0.996 0.94 0.943 0.710 

Birds Garrulus glandarius GARGLAN 1979 LC Yes No Forest 10 0.8 0.941 0.723 0.945 0.717 

Birds Gyps fulvus GYPFULV 1781 NT Yes No Open 10 0.7 0.995 0.959 0.999 0.98 

Birds Hieraaetus fasciatus HIEFASC 84 EN Yes No Forest 10 0.8 0.984 0.896 0.997 0.956 

Birds Hieraaetus pennatus HIEPENN 1253 NT Yes No Open 10 0.7 0.854 0.528 0.99 0.889 

Birds Himantopus himantopus HIMHIMA 2336 LC Yes No Wetlands 10 0.8 0.926 0.704 0.921 0.668 

Birds Ixobrychus minutus IXOMINU 4471 VU Yes No Wetlands 10 0.8 0.955 0.808 0.991 0.944 

Birds Jynx torquilla JYNTORQ 1930 DD No No Forest 10 0.7 0.88 0.597 0.989 0.891 

Birds Lanius collurio LANCOLL 3973 NT Yes No Open 10 0.8 0.95 0.763 0.971 0.855 
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Birds Lanius excubitor LANEXCU 1502 NE No No Open 10 0.7 0.854 0.539 0.885 0.611 

Birds Lanius senator LANSENA 1695 NT No No Open 10 0.8 0.991 0.913 0.947 0.761 

Birds Larus ridibundus LARRIDI 701 LC No No Open 10 0.8 0.985 0.928 0.994 0.968 

Birds Loxia curvirostra LOXCURV 2221 VU No No Forest 10 0.8 0.936 0.72 0.931 0.733 

Birds Lullula arborea LULARBO 5587 LC Yes No Forest 10 0.7 0.873 0.563 0.99 0.897 

Birds Luscinia megarhynchos LUSMEGA 1765 LC No No Forest 10 0.7 0.972 0.865 0.992 0.923 

Birds Cyanecula svecica LUSSVEC 1897 LC Yes No Forest 10 0.8 0.993 0.965 0.995 0.969 

Birds Melanocorypha calandra MELCALA 953 NT Yes No Open 10 0.8 0.91 0.657 0.918 0.681 

Birds Merops apiaster MERAPIA 2422 LC No No Open 10 0.8 0.973 0.837 0.938 0.717 

Birds Milvus migrans MILMIGR 2485 NT Yes No Forest 10 0.7 0.904 0.643 0.976 0.835 

Birds Milvus milvus MILMILV 2266 CR Yes No Forest 10 0.8 0.999 0.976 0.938 0.727 

Birds Monticola saxatilis MONSAXA 2565 EN No No Open 10 0.8 0.933 0.722 0.941 0.751 

Birds Monticola solitarius MONSOLI 1348 LC No No Open 10 0.8 0.98 0.852 0.992 0.908 

Birds Motacilla alba MOTALBA 1581 LC No No Open 10 0.7 0.989 0.903 0.971 0.864 

Birds Motacilla cinerea MOTCINE 4157 LC No No Open 10 0.8 0.916 0.645 0.94 0.7 

Birds Motacilla flava MOTFLAV 2999 LC No No Open 10 0.8 0.992 0.923 0.97 0.836 

Birds Muscicapa striata MUSSTRI 2285 NT No No Forest 10 0.7 0.945 0.742 0.977 0.835 

Birds Neophron percnopterus NEOPERC 5050 EN Yes No Open 10 0.7 0.999 0.982 0.97 0.876 

Birds Nycticorax nycticorax NYCNYCT 141 EN Yes No Wetlands 10 0.8 0.99 0.937 0.995 0.974 

Birds Oenanthe hispanica OENHISP 3354 VU No No Open 10 0.8 0.998 0.957 0.909 0.686 

Birds Oenanthe leucura OENLEUC 305 CR Yes No Open 10 0.8 0.935 0.712 0.945 0.754 

Birds Oenanthe oenanthe OENOENA 2248 LC No No Open 10 0.8 0.902 0.626 0.923 0.674 

Birds Oriolus oriolus ORIORIO 439 LC No No Forest 10 0.7 0.992 0.922 0.91 0.666 
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Birds Otis tarda OTITARD 1163 EN Yes No Open 10 0.8 0.96 0.805 0.961 0.797 

Birds Otus scops OTUSCOP 1047 DD No No Forest 10 0.7 0.993 0.928 0.925 0.695 

Birds Periparus ater PARATER 847 LC Yes No Forest 10 0.8 0.917 0.666 0.92 0.669 

Birds Parus caeruleus PARCAER 700 LC No No Forest 10 0.7 0.885 0.585 0.884 0.599 

Birds Parus cristatus PARCRIS 543 LC No No Forest 10 0.8 0.934 0.679 0.985 0.863 

Birds Parus major PARMAJO 259 LC No No Forest 10 0.7 0.985 0.895 0.935 0.745 

Birds Passer hispaniolensis PASHISP 77 LC No No Open 10 0.8 0.937 0.74 0.942 0.736 

Birds Passer montanus PASMONT 1362 LC No No Open 10 0.7 0.886 0.598 0.869 0.541 

Birds Pernis apivorus PERAPIV 4424 VU Yes No Forest 10 0.8 0.929 0.717 0.937 0.736 

Birds Perdix perdix PERPERD 195 VU Yes No Open 10 0.8 0.993 0.955 0.993 0.954 

Birds Petronia petronia PETPETR 2141 LC No No Open 10 0.8 0.997 0.952 0.905 0.63 

Birds Phasianus colchicus PHACOLC 287 NE Yes No Forest 10 0.8 0.975 0.884 0.997 0.985 

Birds Phoenicurus ochruros PHOOCHR 2264 LC No No Open 10 0.8 0.907 0.63 0.91 0.632 

Birds Phoenicurus phoenicurus PHOPHOE 4504 VU No No Forest 10 0.8 0.999 0.987 0.949 0.77 

Birds Phylloscopus bonelli PHYBONE 2245 LC No No Forest 10 0.8 0.911 0.634 0.906 0.626 

Birds Phylloscopus collybita PHYCOLL 246 LC No No Forest 10 0.8 0.946 0.727 0.922 0.678 

Birds Phylloscopus ibericus PHYIBER 1979 LC No No Forest 10 0.8 0.993 0.918 0.935 0.729 

Birds Pica pica PICPICA 1781 LC Yes No Open 10 0.7 0.922 0.659 0.86 0.536 

Birds Picus viridis PICVIRI 84 LC No No Forest 10 0.7 0.881 0.572 0.868 0.551 

Birds Podiceps cristatus PODCRIS 1253 LC No No Wetlands 10 0.8 0.963 0.837 0.978 0.889 

Birds Podiceps nigricollis PODNIGR 2336 NT No No Wetlands 10 0.8 0.995 0.969 0.993 0.962 

Birds Prunella collaris PRUCOLL 4471 NT No No Open 10 0.8 0.995 0.959 0.994 0.957 

Birds Prunella modularis PRUMODU 1930 LC No No Open 10 0.8 0.944 0.745 0.976 0.844 
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Birds Pterocles alchata PTEALCH 3973 CR Yes No Open 10 0.8 0.971 0.858 0.974 0.877 

Birds Pterocles orientalis PTEORIE 1502 EN Yes No Open 10 0.8 0.942 0.752 0.968 0.84 

Birds Ptyonoprogne rupestris PTYRUPE 1695 LC No No Open 10 0.8 0.886 0.58 0.992 0.902 

Birds Pyrrhocorax graculus PYRGRAC 701 NE No No Open 10 0.8 0.989 0.94 0.992 0.947 

Birds Pyrrhula pyrrhula PYRPYRR 2221 LC Yes No Forest 10 0.8 0.9 0.624 0.917 0.681 

Birds Rallus aquaticus RALAQUA 5587 LC Yes No Wetlands 10 0.7 0.907 0.633 0.995 0.948 

Birds Recurvirostra avosetta RECAVOS 1765 NT Yes No Wetlands 10 0.8 0.989 0.948 0.99 0.945 

Birds Regulus ignicapillus REGIGNI 1897 LC No No Forest 10 0.8 0.912 0.661 0.928 0.693 

Birds Regulus regulus REGREGU 953 LC No No Forest 10 0.8 0.98 0.887 0.928 0.899 

Birds Remiz pendulinus REMPEND 2422 NT No No Forest 10 0.8 0.945 0.762 0.966 0.824 

Birds Riparia riparia RIPRIPA 2485 LC No No Open 10 0.7 0.923 0.693 0.993 0.932 

Birds Saxicola rubetra SAXRUBE 2266 VU No No Open 10 0.8 0.959 0.823 0.978 0.888 

Birds Saxicola torquatus SAXTORQ 2565 LC No No Open 10 0.7 0.995 0.945 0.898 0.622 

Birds Serinus citrinella SERCITR 1348 NE No No Open 10 0.8 0.982 0.896 0.984 0.904 

Birds Sitta europaea SITEURO 1581 LC No No Forest 10 0.8 0.951 0.748 0.949 0.736 

Birds Sterna nilotica STENILO 4157 EN Yes No Wetlands 10 0.8 0.994 0.969 0.996 0.981 

Birds Strix aluco STRALUC 2999 LC No No Forest 10 0.7 0.845 0.515 0.991 0.896 

Birds Streptopelia decaocto STRDECA 2285 LC Yes No Open 10 0.7 0.841 0.503 0.898 0.651 

Birds Streptopelia turtur STRTURT 5050 VU Yes No Forest 10 0.7 0.97 0.861 0.927 0.697 

Birds Sturnus unicolor STUUNIC 141 LC No No Open 10 0.7 0.924 0.73 0.923 0.71 

Birds Sylvia atricapilla SYLATRI 3354 LC No No Forest 10 0.7 0.936 0.725 0.991 0.902 

Birds Sylvia borin SYLBORI 305 VU No No Forest 10 0.8 0.911 0.669 0.931 0.712 

Birds Sylvia cantillans SYLCANT 2248 LC No No Forest 10 0.8 0.992 0.917 0.896 0.602 
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Birds Sylvia communis SYLCOMM 439 LC No No Open 10 0.7 0.865 0.549 0.899 0.606 

Birds Sylvia conspicillata SYLCONS 1163 NT No No Open 10 0.8 0.995 0.941 0.947 0.747 

Birds Sylvia hortensis SYLHORT 1047 NT No No Open 10 0.7 0.983 0.866 0.983 0.881 

Birds Sylvia melanocephala SYLMELA 847 LC No No Open 10 0.8 0.916 0.624 0.926 0.663 

Birds Sylvia undata SYLUNDA 700 LC Yes No Open 10 0.7 0.852 0.525 0.906 0.643 

Birds Tachybaptus ruficollis TACRUFI 543 LC No No Wetlands 10 0.7 0.86 0.544 0.967 0.817 

Birds Tetrax tetrax TETTETR 259 VU Yes No Open 10 0.8 0.923 0.665 0.988 0.913 

Birds Tichodroma muraria TICMURA 77 NE No No Open 10 0.8 0.996 0.976 0.997 0.975 

Birds Tringa totanus TRITOTA 1362 CR Yes No Wetlands 10 0.8 0.984 0.941 0.994 0.98 

Birds Troglodytes troglodytes TROTROG 4424 LC Yes No Forest 10 0.8 0.981 0.886 0.931 0.667 

Birds Turdus philomelos TURPHIL 195 NT Yes No Forest 10 0.8 0.914 0.651 0.936 0.704 

Birds Turdus viscivorus TURVISC 2141 LC Yes No Forest 10 0.7 0.84 0.51 0.896 0.637 

Birds Tyto alba TYTALBA 287 LC No No Open 10 0.7 0.974 0.841 0.947 0.749 

Birds Upupa epops UPUEPOP 2264 LC No No Open 10 0.7 0.889 0.619 0.904 0.66 

Birds Vanellus vanellus VANVANE 4504 LC Yes No Wetlands 10 0.8 0.958 0.826 0.979 0.927 

Reptilia Acanthodactylus erythrurus AER 2245 NT No No Open 10 0.7 0.92 0.687 0.932 0.73 

Reptilia Anguis fragilis AFR 246 LC No No Semi-open 10 0.8 0.931 0.711 0.957 0.781 

Reptilia Blanus cinereus BCI 1979 LC No Yes Generalist 10 0.8 0.96 0.78 0.914 0.655 

Reptilia Coronella austriaca CAU 1781 VU Yes No Semi-open 10 0.8 0.944 0.76 0.954 0.787 

Reptilia Chalcides bedriagai CBE 84 NT No Yes Generalist 10 0.7 0.964 0.801 0.993 0.943 

Reptilia Coronella girondica CGI 1253 LC No No Semi-open 10 0.7 0.996 0.938 0.932 0.715 

Reptilia Chalcides striatus CST 2336 LC No No Semi-open 10 0.7 0.947 0.731 0.993 0.924 

Reptilia Emys orbicularis EOR 4471 EN Yes No Wetlands 10 0.8 0.996 0.948 0.996 0.954 
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Reptilia Hemorrhois hippocrepis HHI 1930 LC No No Semi-open 10 0.8 0.923 0.682 0.918 0.692 

Reptilia Iberolacerta monticola IMO 3973 VU No Yes Forest 10 0.8 0.991 0.955 0.995 0.965 

Reptilia Lacerta schreiberi LSC 1502 NT Yes Yes Semi-open 10 0.8 0.942 0.741 0.971 0.831 

Reptilia Macroprotodon brevis MBR 1695 LC No No Generalist 10 0.8 0.962 0.813 0.943 0.732 

Reptilia Mauremys leprosa MLE 701 VU Yes No Wetlands 10 0.8 0.913 0.672 0.918 0.661 

Reptilia Malpolon monspessulanus MMO 2221 LC No No Semi-open 10 0.7 0.974 0.822 0.973 0.868 

Reptilia Natrix astreptophora NAS 5587 NE No No Wetlands 10 0.7 0.904 0.603 0.866 0.543 

Reptilia Natrix maura NMA 1765 LC No No Wetlands 10 0.7 0.987 0.897 0.966 0.809 

Reptilia Psammodromus algirus PAL 1897 LC No No Semi-open 10 0.8 0.992 0.91 0.916 0.677 

Reptilia Podarcis bocagei PBO 953 LC No Yes Generalist 10 0.8 0.968 0.83 0.994 0.95 

Reptilia Podarcis guadarramae PGU 2422 NE No Yes Generalist 10 0.7 0.963 0.771 0.984 0.885 

Reptilia Timon lepidus TLE 2485 LC Yes No Semi-open 10 0.7 0.999 0.982 0.944 0.746 

Reptilia Tarentola mauritanica TMR 2266 LC No No Generalist 10 0.8 0.953 0.746 0.914 0.674 

Reptilia Vipera latastei VLA 2565 VU No No Semi-open 10 0.7 0.898 0.651 0.994 0.931 

Reptilia Vipera seoanei VSE 1348 EN Yes No Semi-open 10 0.8 0.971 0.855 0.986 0.93 

Reptilia Zamenis scalaris ZSC 1581 LC No No Open 10 0.7 0.989 0.9 0.866 0.574 

 

Data summary 

From the 207 modeled species, 55 are considered as threatened (30 species with Vulnerable status; 17 species with Endangered status; and 

eight Critically Endangered species) according to regional IUCN conservation criteria (DD – Data Deficient; NE – Not Evaluated; LC – Least 

concern; NT – Near threatened; VU – Vulnerable; EN – Endangered; CR – Critically Endangered) for Portugal and Spain, while 91 species are 

under protection of the European Birds and Habitats Directives. Five amphibians and six reptiles are endemic from the Iberian Peninsula (total 

of 11 endemic species).
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Appendix D: Changes in habitat suitability (first 

for LC models; then climate models and finally 

combined models) for individual species under 

different rural abandonment and climate change 

scenarios 
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ANTCAMP

ANASTRE

ANAPLAT

ANACLYP

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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APUMELB

AOB

ANTTRIV

ANTSPIN

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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ARDPURP

ARDCINE

AQUCHRY

APUPALL

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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AYTFERI

ATHNOCT

ASIOTUS

ASIFLAM

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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BUBIBIS

BUBBUBO

BSP

BCI

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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CALRUFE

CALBRAC

BUTBUTE

BUROEDI

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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CAU

CARSPIN

CAPRUFI

CAPEURO

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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CETCETT

CERBRAC

CECDAUR

CBE

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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CHLHYBR

CHEDUPO

CHADUBI

CGI

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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CIRAERU

CINCINC

CICNIGR

CICCICO

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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CISJUNC

CIRPYGA

CIRGALL

CIRCYAN

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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COLOENA

COLLIVI

COCCOCC

CLAGLAN

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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CORMONE

CORGARR

CORCORO

COLPALU

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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CYACYAN

CUCCANO

CST

COTCOTU

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

−100

−75

−50

−25

0

−50

0

50

100

−100

−75

−50

−25

0

−100

−75

−50

−25

0

Years

%
 o

f c
ha

ng
e 

fr
om

 2
00

5

Scenarios

CNRM 4.5

CNRM 8.5

ICHEC 4.5

ICHEC 8.5

IPSL 4.5

IPSL 8.5

MPI 4.5

MPI 8.5

Habitat suitability change (%) between 2005 and 2050 (climate models)

Page 17  of 53



ECA

DGA

DENMINO

DENMAJO

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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EMBCIA

EMBCALA

ELACAER

EGRGARZ

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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EOR

EMBHORT

EMBCITR

EMBCIRL

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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FALPERE

FALNAUM

ESTASTR

ERIRUBE

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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FULATRA

FRICOEL

FICHYPO

FALSUBB

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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GARGLAN

GALTHEK

GALCRIS

GALCHLO

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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HIEPENN

HIEFASC

HHI

GYPFULV

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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IXOMINU

IMO

HMO

HIMHIMA

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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LANSENA

LANEXCU

LANCOLL

JYNTORQ

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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LOXCURV

LHE

LBO

LARRIDI

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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LUSSVEC

LUSMEGA

LULARBO

LSC

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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MILMIGR

MERAPIA

MELCALA

MBR

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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MONSAXA

MMO

MLE

MILMILV

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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MOTFLAV

MOTCINE

MOTALBA

MONSOLI

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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NEOPERC

NAS

MYIMONA

MUSSTRI

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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OENLEUC

OENHISP

NYCNYCT

NMA

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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OTUSCOP

OTITARD

ORIORIO

OENOENA

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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PARCRIS

PARCAER

PARATER

PAL

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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PBO

PASMONT

PASHISP

PARMAJO

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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PETPETR

PERPERD

PERAPIV

PCU

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

−100

−75

−50

−25

0

−50

−25

0

25

50

−100

−75

−50

−25

0

−100

−75

−50

−25

0

Years

%
 o

f c
ha

ng
e 

fr
om

 2
00

5

Scenarios

CNRM 4.5

CNRM 8.5

ICHEC 4.5

ICHEC 8.5

IPSL 4.5

IPSL 8.5

MPI 4.5

MPI 8.5

Habitat suitability change (%) between 2005 and 2050 (climate models)

Page 37  of 53



PHOPHOE

PHOOCHR

PHACOLC

PGU

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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PICPICA

PHYIBER

PHYCOLL

PHYBONE

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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PPE

PODNIGR

PODCRIS

PICVIRI

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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PTEALCH

PRUMODU

PRUCOLL

PPU

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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PYRGRAC

PWA

PTYRUPE

PTEORIE

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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REGIGNI

RECAVOS

RALAQUA

PYRPYRR

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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RIPRIPA

RIB

REMPEND

REGREGU

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5

CNRM 4.5CNRM 8.5ICHEC 4.5ICHEC 8.5 IPSL 4.5 IPSL 8.5 MPI 4.5 MPI 8.5
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