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S1 

Creation of exclusion layers for Models 1 and 2 

 

For creating Models 1 and 2, two ‘exclusion layers’ were created and progressively extracted from 

the entire PP, 1km and 5km buffer areas, respectively.  

The ‘exclusion layer’ used to build Model 1 (EL1) was made of merging the following partial EL1 

digital layers (MAGRAMA, 2015; IGN, 2012a): 

 

1) All existing PAs designated until the 31
st
 of December of 2006, including Biosphere Reserves. 

This date was selected to exclude all possible effect of PA coverage, whichever their designation 

category, on buffers until the assessment date. This layer was only excluded from buffer areas, not 

from cases.  

 

2) Coastal public domain: A 100m inland buffer from the Spanish coastline (IGN, 2015) was 

created.  

 

3) Public hydraulic domain: A 100m buffer along both sides of main rivers, and around dams, lakes 

and lagoons was created from the National Cartographic Base 1:500,000 (IGN, 2012a) by 

selecting classes 01, 02, 03 (over 25km long, level 1, 2 or 3 rivers), 06, 07, 08 or 09 (dams, lakes 

and lagoons).  

 

Resulting PPs and buffer polygons smaller than 100ha were deleted from each case and buffer layer 

to avoid alignment and overlap errors. Other important areas where land development is prohibited 

or severely limited by territorial legislation such as cattle pathways or public utility forest could not 

be added to the EL1 because of data incompleteness or inconsistency for the whole country.  

For creating the ‘exclusion layer’ for Model 2 (EL2), we analysed the environmental characteristics 

of each PP network for seven bio-physical covariates that are thought to influence LULC change: 

‘degree of initial artificial land cover’, ‘degree of initial treeless cover’, ‘altitude’, ‘slope’, ‘distance 

to main cities’, ‘distance to main transport infrastructures’, ‘distance to the coastline’.   

The ‘degree of initial artificial land cover’ layer was created by including CLC-1990 subclasses 

(EEA, 1995): 111, 112, 121, 122, 123, 124, 131, 132 and 133. Then, the percentage of each PP’s area 

covered by those subclasses was computed. Similarly, the ‘degree of initial treeless cover’ layer was 

produced by merging the following CLC-1990 subclasses that are completely or mostly treeless: 211, 
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212, 213, 221, 222, 231, 241, 242, 243, 321, 322, 331, 332, 333 and 334 (EEA, 1995). The ‘altitude’ 

layer was created by interpolating altitude isolines for Spain (IGN, 2011) to raster format at 1km
2
 

resolution to create a 31-class, 100m discrete altitude model for the whole terrestrial territory of the 

country. A discrete, 1km
2
 resolution raster slope map (in degrees) was created from a digital 

elevation model for Spain (IGN, 2012b). Distances of PPs’ boundaries and buffers’ boundaries to 

main transport infrastructures (CLC-1990 subclass 122), to the coastline, and to major cities in 1991 

were calculated using the Near function in Arc-GIS (ESRI, 2014). For this, the coastline and the 

main infrastructure layers were decomposed to their 1km-separated forming points. Centroids of the 

cities having more than 50,000 inhabitants according to the 1991 national population census (INE, 

2016) were calculated from the Spanish main city polygon areas (IGN, 2012a) using the ‘Feature to 

point’ (inside unchecked) ArcGIS tool (ESRI, 2014).  

 

Spearman rank-order correlation analyses were performed to select only those bio-physical 

covariates related to the dependent variable (PALCI) after checking the normality of the original and 

log10-transformed variables of the complete set of PPs. Each of the five EL2 selected partial layers 

(‘distance to main cities’, ‘altitude’, ‘slope’, initial degree of artificial covers’ and initial degree of 

treeless covers’) was intersected with the PP layer and with their respective 1km and 5km buffer 

areas. For each PA network, an analysis of the percentage of the total network area represented by 

each rank of each of the covariates was calculated (e.g. the area of the Nature Park network covered 

by each 100m, discrete altitude range). Then, a ‘representative range’ exclusion rule was applied to 

select buffer areas (controls) environmentally different from the PPs (cases). Buffer area values 

outside the range of values of each covariate for each specific PA network were added to the EL2. 

Additionally, case and control values at the upper and lower extremes of the ranges of the covariates 

that were little representative of the specific network (less than half of the average coverage 

percentage of that rank assuming a uniform spatial coverage of the covariate) were also added to the 

EL2 and later on, excluded from the case and control areas of Model 2, respectively. In the cases of 

‘distance to main cities’, ‘degree of initial artificial land cover’ and ‘degree of initial treeless cover’, 

entire polygon buffers were excluded if meeting any exclusion criterion. In the cases of ‘altitude’ and 

‘slope’, average (mean) values were computed for each individual PP and control and excluded if 

they were outside the cases’ ranges or little representative of the cases’ network’s values. All five 

partial environmental exclusion layers (for PPs and controls) were merged in the ELs2, which were 

later on extracted from the PP, 1km and 5km- buffer layers to create control areas that were 

environmentally similar to their respective networks. Finally, resulting PPs and buffer polygons 
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smaller than 100ha were deleted from each case and buffer layer to avoid alignment and overlap 

errors and produce Model 2 results.  
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S2 

Methodological and research hypotheses’ rationales 

 

1. Methodological research hypothesis 1: Proximal buffers can be considered environmentally 

similar to their PAs 

Spatial proximity increases environmental similarity. Little differences in the five covariate values 

were expected between PA categories and their 1km-controls.  

2. Methodological research hypothesis 2: Proximal PA buffers (1km) can be considered more 

environmentally similar to their PAs than distant buffers (5km) 

Environmental similarity decreases with distance. Less bio-physical differences were expected 

between PAs and 1k-buffers than between PAs and 5km-buffers.  

3. Methodological research hypothesis 3: PAs are designated in places bio-physically less prone to 

development than controls 

It was expected that bio-physical covariate values of Spanish PAs made them less predisposed to 

land development than their control areas.  

4. Methodological research hypothesis 4: The initial set of covariates influence land development 

Independent variables such as the ‘number of legal designations’, ‘PP’s size’, ‘distance to main 

cities’, ‘distance to the coast, ‘distance to main transport infrastructures’, PP’s age’, ‘altitude’, 

‘slope’, ‘initial degree of artificial cover’ or ‘initial degree of treeless cover’ were thought or shown 

to be related to land development and were thus expected to influence PALCI.  

5. Methodological research hypothesis 5: Applying a spatial-statistical covariate control technique 

will make cases and controls more environmentally similar 

It was expected that more bio-physically similar (thus, more accurate) comparisons could be 

achieved by previously excluding unrepresentative or little representative environmental covariate 

ranks from cases &/or controls. 

6. Research hypothesis 1: PAs are effective to prevent land development 

Comparing all PAs and PA categories with their controls, less ALCI and PALCI are expected in PAs 

than in their 1k and 5k-buffers.  

7. Research hypothesis 2: Legal protection prevents land development 

Comparing just legally designated PAs (non-overlapping SCIs & SPAs) with their control areas. 

Less development was expected in PAs than in their control areas.  
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8. Research hypothesis 3: Legal stringency is effective at preventing land development 

Comparing managed PAs that only differ in legislation stringency: NRs (reserves: higher legal 

stringency) versus NPs (multiple-use PAs, lower legal stringency), less development was expected in 

NRs.  

9. Research hypothesis 4: Additional legal protection further prevents land development in PAs 

Comparing development values from overlapping and non-overlapping PAs and PA categories for all 

models. It was assumed that overlapping legal designations conferred greater legal protection to PPs 

against land development. Thus, ALCI and PALCI values were expected to be lower in the complete 

set of PPs (with and without PA overlaps) than in the non-overlapping subset of PPs, for the same 

PA networks.  

10. Research hypothesis 5: Management adds to legal protection to prevent land development 

Comparing non-overlapping (‘pure’ category) PA networks with similar regulation stringency 

(multiple-use PAs), but difference in management implementation: NPs (actively managed) versus 

SCIs & SPAs (unmanaged). Less development was expected in managed NPs. Natura 2000 site 

management is a recent concern and even a more recent practice in Spain, as a result of legal 

obligations under the EU’s Habitats Directive. With very few positive exceptions such as the 

Navarra Autonomous Region, which started managing some of their SCIs in the mid 2000s, only 

very recently have some Spanish SCIs and SPAs that were designated many years ago (in the case of 

some SPAs, nearly three decades ago) and that did not overlap with other national designation 

categories just been awarded management plans and allocated some management resources. For this 

reason, we can confidently argue that the non-overlapping Spanish SCIs and SPAs considered here 

had no active management during the time length of this study.  

11. Research hypothesis 6: Additional sectoral legislation further prevents land development in PAs 

Comparing land development results from Model 0 and Model 1 for all PAs and PA categories. 

More ALCI and PALCI were expected in PAs in Model 1 after excluding additional territorial 

protection legislation.  

12. Research hypothesis 7: Additional sectoral legislation confers protection to controls against land 

development 

Comparing development results from Models 0 and 1 for all buffers and buffer categories. More 

ALCI and PALCI were expected in buffer areas in Model 1 after excluding additional territorial 

protection legislation. 

13. Research hypothesis 8: The main uses of new artificial land covers inside PAs are residential 

Comparing proportions of class 1, level-3 CLC subclasses by PA category between both analysed 

time points. The proportion of residential uses inside PAs (CLC subclasses 1.1.1 and 1.1.2) was 

expected to increase with time. 
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14. Research hypothesis 9: The main uses of new artificial land covers in the vicinity of PAs are 

residential 

Comparing proportions of class 1, level-3 CLC subclasses by buffer category between both analysed 

time points. The proportion of residential uses inside buffer areas (CLC subclasses 1.1.1 and 1.1.2) 

was expected to increase with time.  

15. Research hypothesis 10: New artificial uses tend to concentrate in the immediate vicinity of PAs 

Comparing development values between 1km and 5km control areas for all PAs and PA categories. 

ALCI and PALCI were expected to be greater in nearer 1k-buffers than in more distant 5k-buffers.  

16. Research hypothesis 11:  Bio-physical factors contribute to PA protection against land 

development 

Comparing average development values among PA categories and between PA categories and their 

control areas in Model 1 (once additional legal factors are largely excluded).  
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S3 

Bio-physical analysis of cases and controls 

 

Nature 

Reserves Model 0 Model 1 Model 2 

Covariate 

(median) PAs Buf_1k Buf_5k 
SI 

(PA_B1k) 

SI 

(PA_B5k) PAs Buf_1k Buf_5k 
SI 

(PA_B1k) 

SI 

(PA_B5k) PAs Buf_1k Buf_5k 
SI 

(PA_B1k) 

SI 

(PA_B5k) 

Dist_City (km) 59.45 77.00 73.67 17.55 14.22 59.45 69.23 73.67 9.78 14.22 65.14 

    Mean_Altitude 

(m) 363.00 900.00 884.00 537.00 521.00 363.00 730.16 897.22 367.16 534.22 963.00 

    Mean_Slope 

(º) 1.50 12.62 11.95 11.12 10.45 1.50 7.03 12.10 5.53 10.60 6.50 

    Deg_Artif (%) 0.00 6.63 3.77 6.63 3.77 0.00 0.00 4.96 0.00 4.96 0.00 

    Deg_Treeless 

(%) 18.64 83.23 84.51 64.59 65.87 18.63 87.38 87.38 68.75 68.75 18.63 

    N ; SI 4 5 8 637 615 4 4 8 451 633 2 0 0 

  Nature Parks Model 0 Model 1 Model 2 

Covariate 

(median) PAs Buf_1k Buf_5k 
SI 

(PA_B1k) 

SI 

(PA_B5k) PAs Buf_1k Buf_5k 
SI 

(PA_B1k) 

SI 

(PA_B5k) PAs Buf_1k Buf_5k 
SI 

(PA_B1k) 

SI 

(PA_B5k) 

Dist_City (km) 26.45 31.40 27.82 4.95 1.37 26.45 27.68 25.34 1.23 1.11 19.45 22.96 18.99 3.51 0.46 

Mean_Altitude 

(m) 609.00 500.00 540.00 109.00 69.00 609.00 422.73 475.31 186.27 133.69 875.00 885.00 853.40 10.00 21.60 

Mean_Slope 

(º) 5.50 4.43 3.61 1.07 1.89 5.50 4.09 3.70 1.41 1.80 7.60 6.05 6.45 1.55 1.15 

Deg_Artif (%) 0.06 2.34 3.04 2.28 2.98 0.06 2.42 2.22 2.36 2.16 0.03 0.74 1.11 0.71 1.08 

Deg_Treeless 

(%) 19.55 50.75 48.37 31.20 28.82 18.99 46.48 45.84 27.49 26.85 13.82 16.21 27.07 2.39 13.25 

N ; SI 75 128 162 149 104 75 108 136 219 166 36 19 12 18 38 

SCIs Model 0 Model 1 Model 2 

Covariate 

(median) PAs Buf_1k Buf_5k 
SI 

(PA_B1k) 

SI 

(PA_B5k) PAs Buf_1k Buf_5k 
SI 

(PA_B1k) 

SI 

(PA_B5k) PAs Buf_1k Buf_5k 
SI 

(PA_B1k) 

SI 

(PA_B5k) 

Dist_City (km) 41.60 45.39 46.00 3.79 4.40 41.60 44.23 43.19 2.63 1.59 40.00 45.16 44.55 5.16 4.55 
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Mean_Altitude 

(m) 600.00 631.00 649.00 31.00 49.00 613.00 600.00 628.95 13.00 15.95 650.00 700.00 706.50 50.00 56.50 

Mean_Slope 

(º) 4.00 4.02 4.16 0.02 0.16 4.00 4.00 4.00 0.00 0.00 4.25 4.57 4.50 0.32 0.25 

Deg_Artif (%) 0.00 0.73 0.97 0.73 0.97 0.00 0.75 0.85 0.75 0.85 0.00 0.52 0.47 0.52 0.47 

Deg_Treeless 

(%) 22.73 47.65 53.04 24.92 30.31 22.83 49.65 52.64 26.82 29.81 17.62 35.59 40.33 17.97 22.71 

N ; SI 793 1207 1534 60 85 785 1052 1301 43 48 523 507 573 74 84 

SPAs Model 0 Model 1 Model 2 

Covariate 

(median) PAs Buf_1k Buf_5k 
SI 

(PA_B1k) 

SI 

(PA_B5k) PAs Buf_1k Buf_5k 
SI 

(PA_B1k) 

SI 

(PA_B5k) PAs Buf_1k Buf_5k 
SI 

(PA_B1k) 

SI 

(PA_B5k) 

Dist_City (km) 33.62 35.85 34.07 2.23 0.45 33.62 35.85 32.00 2.23 1.62 32.23 37.51 36.30 5.28 4.07 

Mean_Altitude 

(m) 554.00 527.00 517.39 27.00 36.61 554.00 470.00 511.27 84.00 42.73 558.33 553.33 562.00 5.00 3.67 

Mean_Slope 

(º) 4.00 3.17 3.76 0.83 0.24 4.00 2.74 3.43 1.26 0.57 4.00 2.95 3.61 1.05 0.39 

Deg_Artif (%) 0.00 0.88 0.86 0.88 0.86 0.00 0.93 0.91 0.93 0.91 0.00 0.58 0.36 0.58 0.36 

Deg_Treeless 

(%) 33.48 48.92 48.07 15.44 14.59 33.48 55.79 59.67 22.31 26.19 31.87 58.27 49.33 26.40 17.46 

N ; SI 202 376 513 46 53 202 278 371 111 72 178 185 210 38 26 

SI: Similarity Index; SCI: Site of Community Importance; SPA: Special Protection Area 

 


