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Abstract  Land use-land cover (LULC) changes and wildfires in the Spanish Network of terrestrial 

National Parks (NPs) and their legally designated peripheral areas, including Peripheral 

Protection Zones (PPZs) and Socioeconomic Influence Zones (SIZs), were assessed as 

indicators of recent territorial environmental sustainability trends. Level three, Corine Land 

Cover (CLC) data between 2005 and 2011 were compared. Official wildfire digital data were 

obtained from the European Commission for the 2005-2011 period. Results show increasing 

numbers of LULC changes along the protection gradient: NPs < PPZs < SIZs. NPs were, in 

general, highly stable regarding LULC changes and less affected by wildfires, which suggests 

high environmental effectiveness of legal and managerial protection afforded to the Spanish 

NP Network. Three study areas (SAs) were very stable in the analysed period in all their 

zones: Aigüestortes, Ordesa y Monte Perdido and Caldera de Taburiente. In turn, Teide and 

Doñana were the SAs where LULC changes were more abundant. Unsustainable LULC 

changes concentrate in NPs’ peripheral areas, chiefly in their SIZs, with wildfires being the 

most widespread pressure in the analysed period. Teide’s SA outstands due to its 

environmentally unsustainable recent LULC changes, with urbanisation and wildfires 

affecting natural and semi-natural areas. Sustainable territorial planning and management 

practices should prioritise this SA.  
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1. Introduction 
 

Global biodiversity is going through an 

unprecedented decline due to human activities 

(Butchart et al., 2010). To revert such decline, 

almost all countries and territories have 

designated protected areas (PAs) to conserve 

important genes, species and ecosystems in the 

long term under dozens of legal designation 

categories (Dudley, 2008). As such, PAs can be 

considered the paradigm of environmental 

sustainability (Rodríguez-Rodríguez & 

Martínez-Vega, 2013). The environmental 

sustainability of peripheral areas of PAs is also 

an important concern as external pressures 

resulting from activities developed in 

surrounding areas are likely to have an impact 

on protected biodiversity and reduce PA 

conservation effectiveness (Mcdonald et al., 

2009; Radeloff et al., 2010; Gimmi et al., 2011; 

Xun et al., 2014). As a result, surrounding areas 

subject to progressively more lenient regulations 

from PA boundaries aimed at making 

biodiversity conservation and local 

socioeconomic development compatible have 

been proposed (Sabatini et al., 2007; Geneletti 

& van Duren, 2008; Ahmad et al., 2012) and 

implemented, rendering some positive 

environmental and socioeconomic outcomes 

(Allendorf & Gurung, 2016). That protection-

development gradient is precisely the 

philosophy behind some worldwide networks of 

PAs and sustainable areas such as Biosphere 

Reserves (UNESCO, 2016).  

Spain is a biodiversity-rich country of 

approximately 500,000 km2 in south-western 

Europe (Medail & Quezel, 1999; Prieto, 2014). 

It is located in the Mediterranean global 

biodiversity hotspot (Myers et al., 2000) and 

spans across four biogeographic regions: 

Alpine, Atlantic, Mediterranean and 

Macaronesian (EEA, 2015; Spanish 

Government, 2016a). Spain is also a highly 

decentralised country, with most environmental 

policies transferred to the 17 autonomous 

regions and the 2 autonomous cities in the 

country. In the case of NPs, the Spanish 

Government is competent for the designation of 

new NPs, for making and passing basic 

legislation on NPs that includes common 

designation and planning objectives (Spanish 

Government, 2014) and for producing the 
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Director Plan of the NP Network which 

establishes common management criteria for the 

network (Spanish Government, 2016b).  

‘National Park’ is defined by the Spanish 

law on NPs as: ‘little transformed natural areas 

of high ecological and cultural value that, 

because of their landscape beauty, ecosystem 

representativity, and/or floral, faunal or 

geological singularity, have ecological, 

aesthetic, cultural, educational or scientific 

values whose conservation is of general interest 

to the State’ (Spanish Government, 2014). The 

main objective of the Spanish Network of NPs 

is to preserve the integrity of their natural assets 

and landscapes and, secondarily, to cater for 

social enjoyment, environmental outreach, 

scientific research and sustainable development 

of local populations (Spanish Government, 

2014). As such, the Spanish definition of NP 

aligns closely with the definition of IUCN’s PA 

Management Category II that primarily aims to 

‘protect natural biodiversity along with its 

underlying ecological structure and support 

environmental processes, and to promote 

education and recreation’ (Dudley, 2008).  

LULC changes largely result from the 

development model of societies and have great 

implications for biodiversity and ecosystem 

service provision (EEA, 2006; Jiménez, 2012). 

Sustainability objectives of PAs often collide 

with unsustainable sectoral policies, such as 

transport, housing or agricultural policies that 

insufficiently consider environmental assets 

through sound territorial planning and result in 

unsustainable LULC changes (EEA, 2006; 

Prieto, 2014). Thus, LULC change has been 

proposed and often used as an essential 

indicator of environmental sustainability of 

ecological units (Newbold et al., 2016), 

territories (EEA, 2006; Jiménez, 2012), PAs 

(Gaston et al., 2008; Terra et al., 2014; 

Martínez-Fernández et al., 2015) and their 

surrounding areas (Radeloff et al., 2010; 

Martinuzzi et al., 2015). Actually, differences in 

biodiversity status between protected and 

unprotected sites are chiefly related to 

differences in LULCs (Gray et al., 2016). 

Massive unsustainable LULC changes occurred 

across Spain in the 1990-2000 decade and, 

predominantly, between 2000 and the burst of 

the housing bubble in 2008, which resulted from 

enormous investment in real estate through 

critically exposed credits (Jiménez, 2010; 

Alfonso et al., 2016). Those LULC changes 

threatened the natural values for which NPs and 

other PAs were designated, especially around 

densely populated areas like Barcelona 

(Mallarach, 2008), Madrid (Rodríguez-

Rodríguez, 2008; Rodríguez-Rodríguez & 

Martínez-Vega, 2013; Gallardo and Martínez-

Vega, 2016) and along the coast (Prieto, 2014; 

Alfonso et al., 2016).  

Forest fires form part of the ecological 

dynamics in Mediterranean ecosystems 

(Moreno, 1989; Pausas & Vallejo, 1999). 

However, human activities often modify natural 

fire regimes resulting in shifting fire frequency, 

intensity and seasonality. This may overcome 

ecosystems’ resilience and permanently turn 

them to different stages of their succession 

processes, with serious consequences for 

biodiversity (Pausas, 1999; Pérez-Cabello & De 

la Riva, 2001). In Spain, both the number of 

wildfires and their extent notably decreased 

between 1991-2000 and 2001-2010 as a result 

of increased and more effective prevention and 

extinction means (Enríquez & del Moral, 2012). 

However, wildfires are still the main factor 

reducing forest cover, maturity and quality in 

Spain (Pérez-Cabello & De la Riva, 2001; 

Prieto, 2014). They cause biomass loss, forest 

rejuvenation, reduced ecological and productive 

value and increased soil erosion (Prieto, 2014). 

Thus, it is advisable to analyse the 

environmental sustainability of recent LULC 

changes and wildfire extent in the Spanish 

Network of National Parks and in their 

peripheral areas in order to detect positive 

trends towards ‘naturalness’ or, inversely, 

negative trends towards ‘anthropisation’ of 

those natural assets of the utmost importance.  

 
2. Methods 

 
2.1 Study scope 

 

The Spanish law on NPs (Spanish 

Government, 2014) defines three general 

statutory zones that can be applied to NPs: 1) 

Socioeconomic Influence Zones (SIZs); 2) 

Peripheral Protection Zones (PPZs); and 3) NPs. 

We will refer to the three statutory zones of 

each site as ‘study area’ (SA). SIZs are made of 

the entire territory of the municipalities whose 

areas are totally or partially included in the NP. 

These municipalities are entitled to state 

subsidies to offset land management limitations 

as a result of NP’s regulations. PPZs are 

terrestrial or marine areas external and 

contiguous to NPs that are subject to some 

regulations aimed at buffering the external 

impacts on NPs. NPs include the perimeters of 

the actual PAs which must be (and are 

normally) also zoned according to planning and 

managerial needs (Spanish Government, 

2012a). By September of 2017, all the fifteen 

NPs of the Spanish NP Network had SIZs and 

ten of them had PPZs.  

Twelve of the 15 NPs that made the Spanish 

NP Network were selected for this study on the 
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grounds of designation dates and main realm of 

protected ecosystems. They represent 85% of 

the whole NP network area, 83% of the PPZ 

area in the network, and 87% of the SIZ of the 

network by September of 2017. These 12 NPs 

are scattered across the four biogeographical 

regions in the Spanish terrestrial territory (EEA, 

2015; Fig. 1). Appendix 1 summarises the main 

characteristics of the selected NPs.  

 

 

 
Fig.1. Wildfire extent in each assessed national park network zone across the Spanish biogeographic 

regions for the 2005-2011 period 
Numbers represent study areas: 1) Picos de Europa; 2) Ordesa y Monte Perdido; 3) Aigüestortes i estani de Sant Maurici; 4) 

Monfragüe; 5) Cabañeros; 6) Tablas de Daimiel; 7) Sierra Nevada; 8) Doñana; 9) Caldera de Taburiente; 10) Garajonay; 11) Teide; 

12) Timanfaya. NP: National Park; PPZ: Peripheral Protection Zone; SIZ: Socioeconomic Influence Zone 

 

2.2. Spatial-statistical analysis. 

 

The official digital layers of the different 

statutory zones of the terrestrial NPs (Spanish 

Government, 2016c) were intersected with 

Corine Land Cover (CLC)-2006 and CLC-2012 

level-3 data. Versions 18.5 of CLC 2006 and 

2012 (Copernicus, 2016a,b) were used for being 

the most updated consistent and comparable 

repository of LULC data at European scale 

(Maucha & Buttner, 2005; Hewitt et al., 2016). 

From the current 15 Spanish NPs by September 

of 2017, only those terrestrial NPs designated 

until the median CLC-2006 scene dates (July 

2005) were selected to be sure that they had 

been NPs for the whole analysed period (n=11). 

Monfragüe NP, designated in March of 2007, 

was also included in the set of analysed NPs, as 

it had been previously designated as Nature 

Park (so no major LULC changes were expected 

between July 2005 and March 2007) and was 

designated as NP for the most part of the 

analysed period (July 2005 till June 2011 on 

average).  

LULC change (C) was calculated 

subtracting the percentage of each CLC level 3 

LULC in 2005 from that percentage in 2011 by 

each SA and statutory zone of the whole 

network of sites:  

 

                          

 

 where LU is the percentage of coverage of 

LULC x in SA or zone i. The LULC change 

thresholds we used are quite modest: we 

considered ‘noticeable’ change those LULC 

changes that affected ≥ ± 0.1% of the area of the 

analysed SA or zone, and ‘relevant’ change, all 

LULC changes affecting ≥ ±1% of that area in 

the considered period. Pearson correlation 

analysis between the number of noticeable 

LULC changes and each SA’s area and NP’s 

age was performed to assess whether LULC 

changes might be driven by the amount of area 

assessed or by social recognition of the site, 
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respectively, after checking the normality of 

variables. As official SIZs included the whole 

area covered by NPs and PPZs (when these 

exist), the area of both zones was subtracted 

from SIZ area values for each site, so the three 

zones were spatially mutually exclusive and 

legally ranked in decreasing degree of 

protection (Spanish Government, 2014).  

The aim of any PA should be to conserve 

biodiversity and associated ecosystem services 

and cultural values in the long term while 

maintaining or increasing the naturalness of the 

ecosystems being protected (Dudley, 2008). 

Therefore, LULC changes or processes towards 

more natural, less intensive ecosystems (e.g. 

natural succession; ecological restoration; 

agricultural extensification) were considered as 

environmentally sustainable whereas changes 

that reduce naturalness or increase LULC 

intensity (e.g. artificialisation; degradation of 

vegetation; agricultural intensification) were 

considered as environmentally unsustainable 

(Kuemmerle et al., 2016). The sustainability of 

stable LULCs was not analysed. We however 

assessed initial LULCs around NPs (in their 

SIZs) by 2005 (Copernicus, 2016a) as a proxy of 

the degree of starting human pressure on them.  

The analysed period is relatively short to 

clearly detect some natural LULC changes such 

as succession, with the exception of sudden, 

landscape-impacting events such as landslides 

or naturally-caused forest fires (Nieto et al., 

2012). It is however long enough to detect rapid 

human-made changes, such as urbanization, 

human-induced wildfires or conversion to 

agricultural land (EEA, 2006). Thus, our short-

term analysis of environmental sustainability is 

likely biased towards negative LULC changes, 

which tend to occur and be registered faster than 

changes towards ‘naturalness’. ‘Relevant’ 

LULC transitions were assessed from a 

qualitative environmental sustainability 

viewpoint accounting for factors such as 

foreseen variation in water consumption, soil 

erosion, soil sealing, carbon sequestration, 

probability of wildfires, or proximity to climax 

(EEA, 2006). For this, we unioned t1 (2005) and 

t2 (2011) LULC layers to provide finer detail by 

SA and zone for site managerial purposes. Only 

LULCs and LULC changes of at least 1ha were 

analysed, as smaller polygons were mostly 

digital layer alignment errors.  

Finally, a forest fire GIS layer including all 

wildfires that were registered in Spain in the 

2005-2011 period provided by the European 

Commission’s Joint Research Centre (San-

Miguel-Ayanz, 2012) was intersected with the t1 

LULC layer to ascertain the location, affected 

LULCs and extent of wildfires affecting the NP 

network for being a common pressure to 

Spanish ecosystems (Prieto, 2014) and PAs, 

including NPs (Spanish Government, 2012a; 

Hewitt et al., 2016). All calculations were made 

using Arc-GIS V.10.3 in the ETRS 1989 LAEA 

projection and Microsoft Excel.  

 

3. Results 

 
3.1.  Initial human pressure around national 

parks 

 

Ninety-two point three per cent of all area in 

SIZs of the Spanish NP Network was natural or 

seminatural by 2005. The LULCs covering the 

greatest proportion of SIZs were ‘coniferous 

forest’ (12.47%), ‘sclerophyllous vegetation’ 

(12.34%) and ‘non-irrigated arable land’ 

(10.80%). Only 7.7% of initial SIZ area 

included clearly environmentally unsustainable 

LULCs (i.e., permanently irrigated land, 

artificial areas or burnt areas). Table 1 shows 

the main initial LULCs and the proportion of 

unsustainable LULCs around each NP and PPZ 

by 2005.  

 
3.2. LULC changes in the network 

 

Fifty-six per cent of all the network area (all 

SAs) where ‘relevant’ LULC changes occurred 

experienced negative LULC changes; 32% of 

that area experienced positive changes, and 12% 

of that area underwent changes that could be 

considered equivalent from an environmental 

sustainability perspective (Appendix 2). 
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Table 1. Main land uses-land covers (LULCs) and proportion of environmentally unsustainable LULCs 

(permanently irrigated land, artificial areas or burnt areas) in socioeconomic influence zones of Spanish 

national parks by 2005  

 

National Park Main LULC Proportion of main 

LULC (%) 

Proportion of unsustainable 

LULCs (%) 

Doñana Rice fields 21.02 33.04 

Timanfaya Bare rock 37.04 12.90 

Monfragüe Agro-forestry areas 43.68 9.62 

Teide Coniferous forest 28.14 9.58 

Sierra Nevada Sclerophyllous 

vegetation 

24.8 7.83 

Tablas de Daimiel Non-irrigated arable 

land 

42.11 5.71 

Garajonay Sclerophyllous 

vegetation 

31.68 1.79 

Caldera de Taburiente Coniferous forest 30.3 1.64 

Cabañeros Non-irrigated arable 

land 

24.89 1.20 

Aiguestortes Natural grassland 28.14 0.78 

Picos de Europa Moors and heathland 34.62 0.35 

Ordesa y Monte Perdido Coniferous forest 38.15 0.10 

 

3.3. LULC changes by study area 

 

Three SAs showed great stability of LULCs, 

with no ‘noticeable’ changes in the analysed 

period: Aigüestortes ’ SA, Caldera de 

Taburiente’s SA and Ordesa y Monte Perdido’s 

SA. On the contrary, Teide’s SA and Doñana’s 

SA were the most dynamic SAs, experiencing 

the highest numbers of ‘noticeable’ LULC 

changes (Fig. 2). No statistically significant 

correlation was found between the number of 

‘noticeable’ LULC changes and study areas’ 

sizes or NPs’ ages.  

 
Fig. 2. Number of noticeable LULC changes by study area 
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All the ‘relevant’ LULC changes of the 

network occurred in Teide’s SA. The 15.40% 

absolute change of ‘continuous urban fabric’ in 

Teide’ SA was the greatest LULC change of the 

entire network by far. It mostly occupied land 

previously covered by ‘pastures’ (-6.59% of the 

whole LULCs in the SA), ‘sparsely vegetated 

areas’ (-5.89%), ‘fruit trees and berry 

plantations’ (-1.65%) and ‘moors and 

heathland’ (-1.17%). Actually, ‘pastures’ and 

‘moors and heathland’ disappeared as LULCs 

from the Teide’s SA in 2012. Most SAs 

experienced overall negative environmental 

sustainability trends of LULC change in the 

considered period (Table 2). Appendix 2 

summarises ‘relevant’ LULC transitions in the 

most dynamic SAs.   

 
Table 2. Estimated environmental sustainability of ‘relevant’ land use-land cover changes in Spanish 

national parks by study area between 2005 and 2011 

Study area Environmental sustainability 

Positive 

changes (%) 

Equivalent 

changes (%) 

Negative 

changes (%) 

Overall trend 

Cabañeros 35.70 0.00 64.30 Negative 

Doñana 47.60 2.60 49.80 Negative 

Garajonay 0.00 0.00 100 Negative 

Monfragüe 24.84 8.66 66.50 Negative 

Picos de Europa 100 0.00 0.00 Positive 

Sierra Nevada 18.55 0.00 81.45 Negative 

Tablas de Daimiel 24.06 56.28 19.66 Positive 

Teide 7.86 5.49 86.65 Negative 

Timanfaya 64.77 29.55 5.68 Positive 

 
3.4. LULC changes by statutory zone. 

 

Inside NPs, only three LULCs experienced 

‘noticeable’ change between 2005 and 2011: 

‘transitional woodland shrub’ (+0.40%), 

‘coniferous forest’ (-0.36%) and ‘broad-leaved 

forest’ (-0.10%). In PPZs, ‘transitional 

woodland shrub’ and ‘inland marshes’ increased 

(by 0.32% and 0.13%, respectively), whereas 

‘coniferous forest’ (-0.18%), ‘sclerophyllous 

vegetation’ (-0.15%) and ‘pastures’ (-0.13%) 

decreased. In SIZs, two LULCs increased 

noticeably: ‘continuous urban fabric’ (+2.14%) 

and ‘transitional woodland shrub’ (+0.20%), 

and six LULCs decreased noticeably: ‘pastures’ 

(-0.89%), ‘sparsely vegetated areas’ (-0.82%), 

‘fruit trees and berry plantations’ (-0.20%), 

‘moors and heathland’ (-0.16%), ‘broad-leaved 

forest’ (-0.13%) and ‘mixed forest’ (-0.10%). 

Table 3 shows descriptive statistics on LULC 

change by zone.  

 

 

Table 3. Summary statistics of the three statutory zones of the Spanish network of national parks 

NP: National Park; PPZ: Peripheral Protection Zone; SIZ: Socioeconomic Influence Zone 

 Statutory network zones 

 NP PPZ SIZ 

Area (ha) 326,546 311,618 921,143 

Number of noticeable LULC 

changes 

3 5 8 

Mean LULC change (%) 0.00 0.00 0.00 
Median LULC change (%) 0.00 0.00 0.00 
Standard deviation of LULC 

change (%) 

0.10 0.07 0.39 

Absolute range of LULC 

change 

0.76 0.49 3.03 
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3.5. Impact of wildfires by SA and statutory 

zone 

 

Seven SAs (58%) were affected by forest 

fires between 2005 and 2011. In them, six SIZs, 

four PPZs and five NPs were affected (Table 4). 

The proportion of each statutory zone affected 

by wildfires was between 3.6 times (Teide SA) 

and 96 times (Picos de Europa SA) smaller in 

NPs than in SIZs for those SAs in which 

wildfires affected both zones, except in Sierra 

Nevada SA, where the proportion of burnt NP 

was nearly 14 times greater than the proportion 

of burnt SIZ. The proportion of burnt NPs was 

also smaller in NPs than in PPZs in SAs where 

both zones were affected by wildfires. In two 

SAs, their SIZs were more affected by wildfires 

than their PPZs, whereas in two other SAs the 

opposite occurred.  

 
Table 4. Percentage of statutory zone affected by wildfires by study area between 2005 and 2011 

 

NP: National Park; PPZ: Peripheral Protection Zone; 

SIZ: Socioeconomic Influence Zone 

Site Zone Area 

affected 

(%) 

Teide SIZ 11.56 

 PPZ 15.75 

 NP 3.22 

Caldera de Taburiente SIZ 5.08 

 PPZ 5.06 

 NP 0.27 

Sierra Nevada SIZ 0.08 

 PPZ 2.52 

 NP 1.10 

Garajonay SIZ 1.27 

 PPZ 1.25 

Picos de Europa SIZ 0.96 

 NP 0.01 

Cabañeros NP 0.95 

Doñana SIZ 0.17 

 

 
3.6. Impact of wildfires by LULC 

 

‘Sclerophyllous vegetation’, ‘broad-leaved 

forest’, ‘coniferous forest’, ‘land principally 

occupied by agriculture’ and ‘transitional 

woodland shrub’ were the LULCs where most 

wildfires in SAs occurred, in decreasing order. 

Those five LULCs account for over 50% of all 

widlfires in SAs between 2005 and 2011 (Table 

5).  
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Table 5. Corine Land Cover (CLC) class-3 land use-land covers affected by wildfires in study areas 

between 2005 and 2011 

CLC 

subclass  

Land use-land cover Times 

affected 

Times affected 

(%) 

Cummulative 

percentage (%) 

323 Sclerophyllous vegetation 11 14.29 14.29 

311 Broad-leaved forest 9 11.69 25.97 

312 Coniferous forest 8 10.39 36.36 

243 Land principally occupied by 

agriculture 

6 7.79 44.16 

324 Transitional woodland scrub 6 7.79 51.95 

332 Bare rock 6 7.79 59.74 

321 Natural grassland 5 6.49 66.23 

322 Moors and heathland 4 5.19 71.43 

222 Fruit trees and berry plantations 3 3.90 75.32 

242 Complex cultivation patterns 3 3.90 79.22 

244 Agro-forestry areas 3 3.90 83.12 

313 Mixed forest 3 3.90 87.01 

333 Sparsely vegetated areas 3 3.90 90.91 

211 Non-irrigated arable land 2 2.60 93.51 

111 Continuous urban fabric 1 1.30 94.81 

212 Permanently irrigated land 1 1.30 96.10 

221 Vineyards 1 1.30 97.40 

231 Pastures 1 1.30 98.70 

334 Burnt areas 1 1.30 100.00 

 

 

4. Discussion 

 
4.1. Environmental sustainability in SAs and 

their statutory zones 

 

Overall, the SAs assessed here showed 

decreasing environmental sustainability in the 

analysed period. However, important 

differences between SAs and statutory zones 

were found. NPs have high environmental 

sustainability. When compared to PPZs and 

SIZs, NPs experienced the least number of 

‘noticeable’ LULC changes, and was also the 

statutory zone least affected by forest fires. Fire 

events can explain the noticeable decrease in 

‘coniferous forest’ cover in NPs, and probably 

the noticeable increase in ‘transitional woodland 

shrub’ as natural landscape in process of natural 

recovery. Nevertheless, the noticeable decrease 

of ‘broad-leaved forest’ in NPs cannot be 

explained solely by wildfires, as they only 

affected a very small area of Cabañeros NP, 

according to official data (San-Miguel-Ayanz et 

al., 2012). Broad-leaved forests’ decrease in 

NPs is most likely related to the planned 

removal of exotic tree species included under 

CLC subclass 311 such as Eucalyptus globulus, 

E. Rostrata and E. Camaldulensis that were 

planted in the 1950s and 1970s across important 

areas of the SAs of Cabañeros, Monfragüe and 

Doñana to produce paper pulp (Veiras & Soto, 

2011). Additionally, recurrent droughts in the 

analysed period, and especially in 2012, caused 

greater defoliation in broad-leaved tree species 

than in coniferous species which are better 

adapted to water stress in Mediterranean 

environments (Spanish Government, 2015a). 

This might have affected the correct 

interpretation of the ‘broad-leaved forest’ 

subclass.  

The positive environmental sustainability 

results of NPs related to the other statutory 

zones were expected, as human interventions 

(even managerial ones) inside NPs are legally 
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highly restricted (Spanish Government, 2014). 

Also, management effort in the Spanish network 

of NPs in terms of investment and staff numbers 

is much higher than for other designation 

categories such as nature parks, though 

decreasing since 2005, with 248€/ha and 

307ha/worker in NPs on average versus 26€/ha 

and 3,500 ha/worker in nature parks on average 

in 2010 (Múgica et al., 2012). Thus, incidents or 

regulation breaches leading to negative LULC 

changes in NPs are easily detected and rare, and 

funds are more available to fix them. LULC 

changes were smaller and less numerous in 

PPZs than in SIZs, as expected, given the LULC 

regulations affecting the former (Spanish 

Government, 2014), although wildfires affected 

both zones similarly. These results are in 

accordance with previous studies which also 

stated higher LULC stability in nationally 

designated PAs than in unprotected areas in 

Spain in previous years (Jiménez, 2009; 

Martínez-Fernández et al., 2015), but in contrast 

with a recent study on the Spanish NP network 

which found greater proportion of LULC 

change in most NPs than in their external buffer 

areas in the 1990-2006 period (Hewitt et al., 

2016). Differences with this study may be due 

to the different buffer areas, techniques, NP 

management intensity and/or assessed periods.  

The number of ‘noticeable’ LULC changes 

seems to be more related with specific 

socioeconomic dynamics of the SAs than to 

SAs’ sizes or the age of NPs. Three SAs showed 

great LULC stability in all their zones in the 

analysed period: Ordesa y Monte Perdido, 

Aigüestortes and Caldera de Taburiente, which 

is encouraging as it suggests effective 

conservation of their natural assets inside PAs 

and also in their surroundings (EEA, 2006). 

Hewitt et al. (2016) also included those NPs 

(plus Timanfaya) as those experiencing the least 

amount of LULC changes in the 1990-2006 

period, which shows long-term LULC stability 

and thus effective conservation in these PAs.  In 

contrast to previous suggestions that private 

land ownership in Spanish PAs might reduce 

their sustainability (Martínez-Fernández et al., 

2015) these do not seem to apply here, as the 

proportion of private land in those three stable 

NPs was very different in 2010: from less than 

5% in Aigüestortes to more than 80% in Caldera 

de Taburiente (Spanish Government, 2012a), so 

sustainability factors should probably be sought 

somewhere else. The three are mountain 

ecosystems located away from the coast, main 

cities and major infrastructures. These bio-

physical characteristics are likely to have 

prevented negative LULC changes and 

‘naturally’ helped to preserve these SAs’ natural 

assets (Mas, 2005; Andam et al., 2008; Gaston 

et al., 2008; Spracklen et al., 2015). Moreover, 

Caldera de Taburiente is located in the 

Macaronesian region, and Aigüestortes and 

Ordesa y Monte Perdido are in the Alpine 

region, a region which showed a relatively 

higher stability of its LULCs compared to the 

Mediterranean region in the 1987-2006 period 

(Martínez-Fernández et al., 2015). Actually, in 

the 2000-2006 period, a period of accelerated 

LULC change in Spain, the highest proportions 

of LULC changes occurred in Mediterranean 

provinces of the country (Jiménez, 2010).  

Teide’s, Doñana’s, Tablas de Daimiel’s, 

Cabañeros’ and Sierra Nevada’s SAs showed 

the greatest LULC dynamism although chiefly 

affecting their peripheral areas. Our results 

agree to a large extent with those by Hewitt et 

al. (2016) who also found these NPs to be 

among the most dynamic ones in the 1990-2006 

period. This indicates especially active, long-

term socioeconomic contexts of difficult 

interpretation sustainability-wise overall (EEA, 

2006), but which should make territorial 

planners and PA managers aware to respond 

quickly and soundly to local unsustainable 

trends. Interpreting CLC intra-class LULC 

changes such as those agrarian transitions 

dominating in Tablas de Daimiel SA are the 

most challenging ones, as environmental 

sustainability includes a different number of 

variables, so environmental trade-offs are 

expected (EEA, 2006; Gregor et al., 2016). In 

this protected wetland historically pressured by 

legal and illegal underground water extraction 

for agriculture (Fornés et al., 2000; Esteban and 

Albiac, 2012), there seems to be a progressive 

transformation of intensive water-consuming 

LULCs to less water-consumptive agrarian 

LULCs, or even to semi-natural LULCs through 

natural succession in its PPZ and NP, which 

indicates increasing environmental 

sustainability in this SA. These positive LULC 

changes in the NP and PPZ are likely to reflect 

the outcomes of a successful policy to actively 

purchase private land in the NP and surrounding 

areas by the public administration between 2007 

and 2010. In that period, 1,107 hectares of 

primarily agrarian private land representing 

50% of private land in the NP was made public 

together with landowners’ rights on water 

usage, which is likely to have alleviated the 

overexploited status of the wetland’s aquifer 

(Spanish Government, 2012b). In Doñana, the 

most important LULC transitions are related to 

burnt area recovery (in its SIZ), and increase (in 

its SIZ and PPZ) at the expense of mature 

ecosystems. Numerous intra-class agrarian 

LULC transitions of difficult interpretation also 

occurred in this SA. The noteworthy increase of 

‘inland marshes’ at the expense of ‘pastures’ in 
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its PPZ likely resulted from the different 

pluviosity in 2005 and 2011, from different 

CLC scene dates for the same area in both 

years, or from a classification error, as 

highlighted previously (Hewitt et al., 2016).  

Initial pressure was moderate to low around 

most NPs and PPZs by 2005 except for Doñana, 

where intensive water-consuming LULCs 

widely dominated around this biodiversity-rich 

coastal wetland. LULC sustainability trends 

have worsened overall in Doñana’s SA in the 

2005-2011 period and afterward, which recently 

made both the European Commission and the 

UNESCO issue formal warnings to the Spanish 

Government to revert existing pressures and 

threats (Camacho, 2017; WWF, 2017). 

Sustainability-wise, the most negative LULC 

transitions occurred in Teide’s SA, affecting its 

three zones. Urbanisation processes greatly 

affected some natural and semi-natural LULCs 

in its SIZ and PPZ whereas wildfires affected 

both zones substantially and also affected the 

NP. Although NPs in Spain are designated in 

areas where no human populations exist (the 

only exceptions being Picos de Europa and 

Monfragüe, with less than 2,000 inhabitants 

between both; Spanish Government, 2012a), PA 

encroachment by residential LULCs in the 

vicinity of PAs has been reported globally 

(Trzyna, 2014), in the United States (Radeloff et 

al., 2010), Europe (Knapp et al., 2008), Africa 

(Mutuga, 2009), and Spain (Rodríguez-

Rodríguez & Martínez-Vega, 2013), and is 

forecasted to worsen (McDonald et al., 2008; 

Güneralp & Seto, 2013). In contrast to national 

trends towards great increases of artificial areas 

in the past 25 years (Alfonso et al., 2016), 

artificial LULC increase has not been a threat to 

the Spanish network of National Parks as a 

whole in that period (Hewitt et al., 2016). 

However, population growths of nine per cent 

of greater have occurred in seven of the fourteen 

municipalities of the official Teide’s SIZ 

between 2005 and 2011, with a mean overall 

growth of 11.5%, substantially higher than the 

remarkable 7.7% population increase of the 

whole Tenerife province (INE, 2017). 

Population trends have been most unsustainable 

in two of the most populated municipalities to 

the south of the PA: Adeje (34% increase) and 

Granadilla de Abona (25% increase). Therefore, 

most growth in residential LULCs in this SIZ 

can be explained by population growth, the rest 

being probably explained by holiday home 

construction for tourism. Artificial LULC rise 

also increases the probability of human-induced 

wildfires through greater proportion of urban-

forest interface and increased human use of 

areas adjacent to PAs (Radeloff et al., 2010; 

Vilar et al., 2016). Actually, 78% of all 

wildfires representing 83% of all wildfire extent 

in Spain in the 2001-2010 decade was human-

caused, and over 50% of them were intentional 

(Enríquez & del Moral, 2012). Finally, Teide’s 

NP is the most visited NP of the Spanish 

network by far (Múgica et al., 2012), a fact that 

also increases wildfire risk. Though Teide’s SIZ 

covers a large proportion of the area of Tenerife 

island outside the PA, the unsustainable local 

trends affecting this insular NP are worrisome 

and should be properly addressed by territorial 

planners and decision-makers. However, 

competencies over urban planning and PA 

planning and management belong to different 

administrations in Spain. Urban planning is a 

local competency whereas PA planning and 

management (except for locally designated PAs) 

are regional competencies. Moreover, 

competency over territorial planning and PAs 

often belong to different and highly changing 

administrative departments (of the regional 

administrations). Greater coordination of 

administrations, bodies and policies affecting 

environmental territorial sustainability in Spain 

is a long-lasting (Múgica & Gómez-Limón, 

2002) but still unmet demand resulting in 

unnecessary administrative complexity and 

inefficient outcomes (Múgica et al., 2012).  

Wildfires affected most SAs and zones in 

the analysed period, being the most widespread 

recent threat to the Spanish NP network 

observed here. In their 1990-2006 study, Hewitt 

et al. (2016) found short-term wildfire evidence 

in Cabañeros NP, Monfragüe NP, Sierra Nevada 

NP and Picos de Europa NP, using exclusively 

CLC data. Although important resources are 

used to prevent forest fires affecting NPs and 

other PAs in Spain, between 12,000 and 25,000 

wildfires affected nearly 114,000 hectares 

annually on average in the last decade (Enríquez 

& del Moral, 2012). Accordingly, 23% of the 

overall management budget of the Spanish NP 

network between 2007 and 2010 was used to 

prevent forest fires by hiring fire brigades, 

clearing dense vegetation, creating fire-cuts or 

creating reservoirs (Spanish Government, 

2012a). The NPs that received more funding for 

wildfire prevention were: Cabañeros (over 6m 

€), Doñana, and Caldera de Taburiente (Spanish 

Government, 2012a). The only biogeographic 

region in which no wildfires affected SAs in the 

2005-2011 period, or NPs in the 1990-2006 

period (Hewitt et al., 2016), was the Alpine 

region, which might be due to its less prone 

climatic and biomass conditions (Pausas, 2012), 

and/or to lower population densities in SIZs and 

moderate visitation levels of NPs in this region 

(Spanish Government, 2017a).  

Legal restrictions and managerial actions 

likely resulted in NPs been notably and 



11 
 

systematically less affected by wildfires than the 

other statutory zones, except in one SA. 

However, PPZs were similarly affected by 

wildfires to SIZs. Recent changes in the Spanish 

forest law allow changing natural LULCs to 

artificial ones after forest fires (Spanish 

Government, 2015b). Those legal changes 

cannot affect NPs, which are protected by their 

own law (Spanish Government, 2014), but 

could negatively affect their PPZs and, chiefly, 

SIZs by allowing environmentally unsustainable 

LULCs around NPs. Our results on wildfire 

incidence by LULCs coincide with data on the 

tree species most affected by wildfires in Spain 

between 2001 and 2010: Pinus pinaster, P. 

halepensis (‘coniferous forest’), Eucaliptus 

globulus and Quercus ilex (‘broad-leaved 

forest’), respectively (Enríquez & del Moral, 

2012). Three of the five most relevant LULCs in 

terms of wildfire incidence include pirophyte 

species for which periodic fire events form part 

of their natural dynamics (e.g. Pinus sp). 

Actually, the LULC most frequently affected by 

forest fires (‘sclerophyllous vegetation’) 

typically includes bushy Mediterranean species 

from genera such as Rosmarinus, Cistus, 

Lavandula or Erica (EEA, 1995) which are 

adapted to recurrent fire regimes that enhance 

their germination success and prevent progress 

to mature forest formations (Pausas, 2012). 

Burnt areas increased relevantly in three SAs on 

the Canary Islands, affecting all their statutory 

zones (except Garajonay’s NP) which suggests 

that the increase in the number and extent of 

wildfires in the Canary Islands between 2001 

and 2010 (Enríquez & del Moral, 2012) might 

have similarly affected its NPs. Canarian SAs 

have the singularity of belonging to the 

Macaronesian region, a small biogeographic 

region rich in endemic biodiversity (Santamarta 

et al., 2014). Moreover, in the Canary Islands, 

over 75% of the species of conservation concern 

are in unfavourable or unknown conservation 

status (Prieto, 2016) and ecosystem services are 

deteriorating (Montes et al., 2011). These 

figures underline the importance of 

sustainability of LULC changes, not only in 

Canarian NPs and their peripheral areas, but 

across this entire biodiversity relevant Spanish 

region.  

 

4.2. Methodological remarks 

 

There are some methodological aspects of 

the study to comment. Firstly, peripheral zones 

of NPs cannot be considered completely 

‘unprotected’, let alone PPZs, which have a 

degree of legal restrictions to LULC changes 

according to the Spanish Law on NPs (Spanish 

Government, 2014). It is quite usual that 

different PA designation categories overlap over 

the same areas in mature, well developed PA 

systems and networks such as the Spanish 

network of NPs (Spanish Government, 2012a; 

Múgica et al. 2012). Actually, all current 15 

Spanish NPs are included in the Natura 2000 

Network (Spanish Government, 2017b). In this 

study, other such PA categories that may 

overlap with PPZs or SIZs completely or 

partially were not considered. However, existing 

overlaps are likely to have conferred a degree of 

protection to SIZs and some additional 

protection to PPZs or even NPs, thus probably 

reducing LULC changes in peripheral areas 

(and therefore, differences with NPs) compared 

to purely ‘unprotected’ (for SIZs) or non-

overlapping (for PPZs) peripheral areas. For 

instance, the PPZs of the two Andalusian NPs, 

Doñana NP and Sierra Nevada NP, entirely 

coincide with nature parks and have thus 

enhanced protection.  

Secondly, it should be noted that the focus 

of our study was restricted to environmental 

sustainability, this being the primary aim and 

essential concern of any PA (Dudley, 2008), and 

also of the Spanish NP network (Spanish 

Government, 2014). Nevertheless, other 

important aspects of sustainability and 

secondary aims of PAs, such as social or 

economic development of local populations 

(Spanish Government, 2014; Alendorf & 

Gurung, 2016) were not considered here. Their 

inclusion in future PA sustainability studies 

would provide a more complete picture of the 

global sustainability of PAs and PA networks.  

Thirdly, the relatively coarse resolution of 

CLC data and possible classification mistakes 

are likely to have reduced the accuracy of the 

assessment (Maucha & Buttner, 2005; EEA, 

2006). Additionally, some intra-class LULC 

transitions are uncertain and difficult to interpret 

from an environmental sustainability 

perspective (e.g. ‘sclerophyllous vegetation’ 

from/to ‘transitional woodland shrub’; Hewitt et 

al., 2016); moreover, some important changes in 

LULC management intensity (e.g., fertilizer use 

for many CLC agrarian subclasses) are not 

reflected by standard, level-3 CLC data (EEA, 

2006; Gregor et al., 2016; Kuemmerle et al., 

2016). 

 

5. Conclusions 
 

NPs were effective at conserving natural and 

semi-natural LULCs. Increased number of 

‘noticeable’ LULC changes occurred along the 

statutory zones’ protection gradient: from NPs 

through PPZs to SIZs. NPs were also the least 

affected by forest fires and thus, the most 

environmentally sustainable statutory zone. 
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Wildfires outstood as the most widespread 

pressure across the three statutory zones of the 

Spanish NP network. ‘Relevant’ LULC changes 

towards artificial uses in the analysed SAs 

between 2005 and 2011 were numerically 

anecdotal, concentrating in just one SA (Teide’s 

SIZ).  

The most stable SAs regarding LULC 

changes were: Aigüestortes, Ordesa y Monte 

Perdido and Caldera de Taburiente, the two 

former not being affected by wildfires either and 

showing, thus, the greatest recent environmental 

sustainability of the Spanish NP network in and 

around PAs. In contrast, the most dynamic SAs 

in terms of LULC change were Teide and 

Doñana. Numerous complex CLC intra-class 

LULC transitions occurred in Doñana and 

Tablas de Daimiel SAs. Although the 

environmental sustainability interpretation of 

those transitions is not straightforward, positive 

trends are suggested in Tablas de Daimiel’s NP 

and PPZ as a result of changes towards less 

water-intensive LULCs. Teide was the most 

environmentally unsustainable SA of the 

network, with numerous transitions from natural 

and semi-natural habitats to artificial LULCs in 

its SIZ, and ‘relevant’ transitions from natural 

habitats to burnt areas in its three zones. 

Sustainable territorial planning and management 

interventions in the NP network should 

prioritise this highly singular and pressured SA. 
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