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Abstract 

Since ancient times, Mediterranean pine forests have been habitat for human activity, 22 

providing a wide range of goods such as timber, seeds, resin and derived products. Among 23 

them, tar and resin have played an historical role on the interaction between human 24 

activity and forests. In Spain, the resin played an important role in the economic and 25 

social development in rural areas during 20th century. But after 1980, resin production 26 

plummeted and the virtual disappearance of resin tapping caused the abandonment of 27 

traditional forest activities and the subsequently losses of ecosystem forest services 28 

(provision, regulation and cultural). This paper deals with some of the ecosystem services 29 

provided by resin tapped pine forests and shows how the abandonment of this traditional 30 

forestry activity would lead to a loss of social welfare beyond the economic activity. 31 
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Among these ecosystem services, special attention is paid to the biodiversity of the pine 32 

forests. For that purpose, a stratified vegetation sampling was conducted in the leading 33 

resin-tapping Spanish region. Ecological analysis was therefore compared with the social 34 

preferences for several attributes associated to resin-tapped pine forests in Spain, 35 

including the biodiversity of flora. 36 

Key words: biodiversity; discrete choice experiment; ecosystem services; inverse 37 

distance weighting; Pinus pinaster; vascular plants  38 
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1. Introduction 39 

 40 

Pinus spp. are the most economically and ecologically significant forest tree species in 41 

Mediterranean basin (M’Hirit, 1999; Moussouris and Regato, 1996; Richardson and 42 

Rundel, 1999; Tapias et al., 2004). Mediterranean pine forests have been scenario of 43 

human activity for millennia (Malagnoux and Lanly, 1997; Moussouris and Regato, 1996; 44 

Mutke et al., 2012). Pine forests have provided not only a wide range of marketed goods 45 

(timber, firewood, resin and derived products, pine nuts, barks, mushrooms, etc.), but also 46 

non-marketed goods and services such as soil protection and water regulation, landscape, 47 

biodiversity, leisure and recreation, all of them relevant for rural development (LeMaitre, 48 

1999; Leone and Lovreglio, 2004, Ortuño et al., 2013). Among the marketed goods, resin 49 

and tar was exploited since Antiquity (Moussouris and Regato, 1996; Alía et al., 1996) 50 

and played an historical role on the interaction between human activity and forests (Leone 51 

and Lovreglio, 2004; Kohlross, 2011; Pinillos et al., 2009). For example, the use of pitch 52 

for caulking vessels and for waterproofing is one of the long-term relationships between 53 

humans and pines (LeMaitre, 1999; Kohlross, 2006).  54 

 55 

In Spain, when extensive forest clearing took place during economic liberalism in the 19th 56 

century in the central Douro basin, fossil dunes were reactivated after losing their forest 57 

cover and started to move and to cover farmlands, roads and even houses of some village, 58 

before they were immobilized again by afforestation (Romero, 1886). In this sense, resin 59 

tapping had taken an important role for the economic and social development in rural 60 

areas, including creating jobs and providing a natural, renewable raw material for the 61 

chemical industry (Mutke et al., 2013; Rodríguez at al., 2015). Moreover, resin tapping 62 

gave economic sustainability for managing the large natural Mediterranean pine forests 63 
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that cover several hundred thousand hectares of Quaternary sand deposits and rocky 64 

slopes of mountain ranges in inner Spain. However, the profitability of extractive 65 

activities from forests largely depends on the social and economic context. With 66 

increasing economic and human development and increasing geographic mobility, other 67 

more profitable economic or occupational activities, or under less harsh working 68 

conditions, lead to an abandonment of most of these traditional forestry practices. This is 69 

stressed by the highly cyclic component of the international prices of natural products, 70 

despite their strategic value at the local level. 71 

 72 

In the last three decades, European resin production had plummeted due to increasing 73 

labor costs and international competiveness of Chinese natural resins tapped from Pinus 74 

massoniana. This situation was similar to previous ones during the 19th and 20th century, 75 

first in United States and later in France and the rest of Europe, conducting to the virtual 76 

disappearance of resin tapping as forest activity in developed countries, translocating it 77 

to third countries such as China, Brazil, or Indonesia (Pinillos et al., 2009; Picardo and 78 

Pinillos, 2013). The virtual disappearance of resin tapping in Spain caused the 79 

abandonment of traditional forest activities and the subsequently losses of ecosystem 80 

forest services (provision, regulation and cultural). Most of these ecosystem services lack 81 

an associated market, and no economic total value is available for a traditional forest 82 

activity such as the resin tapping.  83 

 84 

In the last five years, resin production from Spanish forests has started to recover, thanks 85 

to a drop in Chinese exportation triggered by the prevalence of Pine Wilt Disease that has 86 

caused Masson pine mortality (Gao et al., 2015; Wei et al., 2016), to the resulting 87 

increasing world market prices, and to new business models based in sourcing of high-88 
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quality secondary products for cosmetics, pharmacy, healthcare and food industries 89 

(Pinillos et al., 2009; Picardo and Pinillos, 2013). Nevertheless, a quite important paradox 90 

is nowadays present: forests that had been secularity managed for coproduction of timber 91 

and resin, providing a wide range of additional ecosystem services, could be abandoned 92 

if those ecosystem services are not considered in the decision making process (Mutke et 93 

al., 2013; Rodríguez at al., 2015).  94 

 95 

Economic valuation methods based on stated preferences can be applied to incorporate 96 

the non-marketed goods and services to decision making (Bateman et al., 2002). These 97 

methods allow estimating an economic measure for different ecosystem services provided 98 

by the pine forests. In this sense, special attention is paid to the biodiversity (Nunes and 99 

van den Bergh, 2001), since indicators of biodiversity constitute the basic prior 100 

information for the development of conservation programs. There are multiple indicators 101 

of biodiversity in pine forests (Martínez-Jauregui et al., 2015). The richness of herbaceous 102 

species has been shown as good indicator of ecological diversity in forest ecosystems 103 

(Noss, 1999), agricultural landscapes (Billeter et al., 2008) and agricultural landscapes 104 

with more or less extended forest patches inside (Varela et al., 2017). Among these 105 

indicators, the ecological diversity of vascular plants is a good guide for the overall 106 

conservation status in pine forests.  107 

 108 

What is relevant for biodiversity is not the tapping per se, but the presence of 109 

managed pine forests with human activities within. In this sense, the abandonment of the 110 

resin tapping activities could imply in public forest, and has actually already implied in 111 

private ones, less management as well as less investment in tending and silvicultural 112 

treatments essential for maintenance of  these traditional forest systems: the absence of 113 
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human activity (actors) from forests and the lack of pruning an clearing imply an 114 

incremented risk of natural hazards, especially of wildfires affecting hundreds of hectares 115 

due to increased fuel accumulation and late detection. There might be also risks of land 116 

use changes especially in private forests, i.e., to agriculture or urban. Nevertheless, the 117 

most evident loss of current ecosystem services related directly with resin-tapping of pine 118 

forest are those of social, cultural, and economic (sustainable provision of renewable 119 

bioproducts, local rural employment, among others) ecosystem services. This paper deals 120 

with some of the ecosystem services provided by resin-tapped pine forests and shows 121 

how the abandonment of this traditional forestry activity would lead to a loss of social 122 

welfare beyond the economic activity. Some of these ecosystem services were estimated 123 

in order to provide a useful guidelines to the policymakers in order to guide forest policy 124 

and prevent from the highly cyclic change in resin prices (for example, designing 125 

payments for ecosystem services), as a mean to preserve resin tapping activities. If both 126 

the social and ecological indicators are in the same direction, conservation programs can 127 

be urged to policymakers. Therefore, this paper constitutes a novel approach combining 128 

ecological and social sciences to guide policymaking on resin-tapped multi-functional 129 

pine forests. 130 

 131 

2. Material & Methods 132 

 133 

2.1. Study area 134 

 135 

The study area focuses on Castilla y León, a Spanish autonomous region located in the 136 

northern centre of the Iberian Peninsula (Figure 1). It is the largest Spanish region, 137 

covering an area of 9.4 million of hectares (19% of the national territory), within which 138 
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more than 50% of the territory is classified as forest land use (including forests, 139 

rangelands, scrublands, heathlands, etc.), 23% as forests. Resin tapping is a traditional 140 

activity in Castilla y León and most (95%) of the production of natural resin in Spain is 141 

obtained from maritime pine Pinus pinaster Ait. forests in this region (Pinillos et al., 142 

2009).  143 

 144 

Excluding those pine forests associated to mountain ranges surrounding the central plain 145 

(or “meseta”) of the region, we have centred the study on the pine forests of the flat central 146 

Douro river basin (700-1000 m a.s.l.). Pinus pinaster forms together with Pinus pinea a 147 

singular landscape called “Tierra de Pinares” (Land of the Pinewood) that is dominated 148 

by extended pine forests on deep Quaternary sand deposits (up to 80 m in some places). 149 

Recognised legally as Spanish provenance region 8 (‘Meseta Castellana’) for forest seed 150 

production and transfer of P. pinaster, this Provenance Region (Figure 1) includes 151 

223,000 ha (21%) of maritime pine forests out of 1.05 million hectares in 271 152 

municipalities with 273,000 inhabitants. Mean population size is about 1,000 inhabitants 153 

per municipality, but median size is only 197, given that 67 (25%) of the villages count 154 

less than 100 inhabitants, and only 3 cities exceed 20,000. 162 villages (60%) present a 155 

density of less than 10 inhabitants per km2, and 74 (27%) even less than 5 inh./km2 (INE, 156 

2016). Balance between farmland and forest is overall 60:40 in the studied area, though 157 

in some municipalities up to 80% is forest land, dominated by maritime pine (Mutke et 158 

al., 2013).  159 

 160 

 161 
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162 
Figure 1. Location of the study area. White line, Castilla y León Region. White area, 163 
Provenance Region 8 “Meseta Castellana” for Pinus pinaster.  Green area, distribution of 164 
Pinus pinaster forests. Black lines, municipalities sampled for vascular plant species 165 
richness.  166 
 167 

It is noteworthy that the 156,000 ha (70%) of pine forests in the studied region are 168 

autochthonous old growth; throughout the Holocene they have been occupying their 169 

native habitat on deep inland sands not suitable for broadleaves, though land-use change 170 

to agriculture has been reducing their extension since Neolithic (Franco-Múgica et al., 171 

2001, 2005; Alcalde-Olivares et al., 2004; Rubiales et al., 2011; Hernández et al., 2011; 172 

Morales-Molino et al., 2012). They are typified as European natural habitat type 173 

Mediterranean pine forests with endemic Mesogean pines (9540, subtype 42.821  Iberian 174 

mesogean pine forests) (EC, 2013). Forest property is mainly municipal public (55%) 175 

derived from commons established in Middle Ages on the non-arable sandy pine forests, 176 

transferred in the 19th century to municipal bodies. 177 

 178 
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2.2. Ecological diversity 179 

 180 

In this case study, we used the vascular plants species richness as indicator of ecological 181 

diversity because it is well connected with laypeople’s perception of biodiversity 182 

(Bakhtiari et al., 2014). Based on the main land uses mapped in the Spanish Forestry Map 183 

(1:50000), we classify the vegetation of the municipalities belonging to the Provenance 184 

Region 8 for P. pinaster or ‘Meseta Castellana’ (see Table 3 in the results section. We 185 

execute and stratified vegetation sampling based on main land uses like pine forests, 186 

riparian forests, fallows or scrublands. We selected three municipalities (Coca, 9,841 ha 187 

and 69% covered by pine forests; Íscar, 6,051 ha and 51% covered by pine forests and 188 

Tardelcuende, 6,409 ha, and 83% covered by pine forests) that are representative at 189 

regional level in relation with resin tapping practices along the last century (Figure 1). 190 

 191 

Sampling data were collected in 12 modified Whittaker multi-scale sampling plots 192 

(Stohlgren et al., 1995) by municipality in the springs of 2011 and 2012. In each 193 

municipality, six plots were selected on pure or mixed Pinus pinaster forests, three 194 

actually tapped and three untapped. We calculated habitat richness or α richness (sensu 195 

Whittaker, see eg Whittaker, 1972) for each sampled plot and mean α richness by land 196 

use, municipality and overall sample using EstimateS 9.0 (Colwell, 2013). In order to 197 

extend our results to each municipality (and the rest of municipalities of Meseta 198 

Castellana Provenance Region) we also calculated relative α richness by land use and 199 

weighted the obtained value with the relative extension of each land use. In the cases of 200 

agricultural, water bodies and wetlands land uses the weight was done calculating a buffer 201 

area from the perimeter (García del Barrio et al, 2006). For land uses not sampled in the 202 

three municipalities but present in other municipalities of the Provenance Region, we 203 
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used α local richness data from other municipalities in Castilla y León (Ortega et al, 2004; 204 

García del Barrio et al, 2013). The final aggregation of mean area-weighted α richness 205 

was a value of relative local richness at municipality scale that can be classified in three 206 

main discrete values (high diversity, medium diversity and low diversity) using quantiles 207 

of the municipality average values.  208 

 209 
2.3. Discrete Choice Experiments 210 

 211 

Discrete Choice Experiments (DCE) can simulate markets in which environmental goods 212 

and services compete in a realistic trade-off manner. Individuals choose between different 213 

alternatives involving environmental attributes, according to their own preferences and 214 

budget constraints. DCE allow researchers to infer consumers’ preferences and implicit 215 

prices for several characteristics (or attributes) embedded in a prospective environmental 216 

program. The selection of the attributes and levels is based on the literature review, 217 

discussions with experts (forestry engineers, biologists, technicians, decision makers), 218 

and two focus groups with resin workers and citizens. In this study, the choice experiment 219 

aimed to quantify the inhabitants’ preferences for several attributes associated to resin-220 

tapped pine forests in Spain (Table 1): biodiversity of flora, employment generated by the 221 

strengthening of the sector, reduced risk of fire, market certification for natural resin 222 

products. Qualitative levels were used as people showed difficulties with quantitative 223 

levels such as percentages, hectares, etc.  224 

 225 

  226 
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Table 1. Attributes and Levels of the Choice Experiment 227 
Attribute Levels Variable 

Biodiversity of flora 
Low* BIOL 
Medium BIOM 
High BIOH 

Employment (number of new jobs) 
0* 

EMPLOY 50 
100 

Risk of forest fires 
High* FIREH 
Medium FIREM 
Low FIREL 

Presence of certified products that incorporate natural resin 
Low* CERTL 
Medium CERTM 
High CERTH 

Duration (in years) 

0* 
5 

TIME 
10 
15 

Cost (€/year via increase of taxes) 

0* 
6 

COST 
12 
18 

* Status Quo level. 228 

 229 

Attributes were selected in order to catch environmental (biodiversity of flora, risk of 230 

forest fires) and socioeconomic (employment, certification) dimensions of the program. 231 

The reduction of the risk of forest fires was highlighted as one of the main consequences 232 

of the resin-tapping by both the citizens and the experts participating in the focus groups.  233 

Other environmental issues were identified, such as the biodiversity of flora, mushrooms 234 

recollection, walking, hunting and other environmental leisure activities. Among them, 235 

biodiversity of flora was included in the experimental design because it allows to compare 236 

the ecological data with the social preferences, i.e. one of the main aims of this study. In 237 

regard to the socioeconomic dimensions, we highlight that employment influences the 238 

settlement of the population in the rural areas such as the resin-tapped pine forests of 239 

Castilla y León. The maintenance of the population in rural areas is associated with other 240 

externalities such as maintaining the cultural and natural heritage, and contributes to avoid 241 
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the abandonment of agricultural land and the degradation of the global environment 242 

(Vélez, 2000). After thirty years of decay, resin tapping activity has been boosted in the 243 

last seven years, with currently more than 800 direct (though seasonal) jobs where less 244 

than a hundred resin tappers had been left after 1990 (Arranz, 2017). Likewise, in regard 245 

to the resin certification, 98% of the tapped pines have been certified by the PEFC - 246 

Program for the Endorsement of Forest Certification (low level of certification). In order 247 

to certificate the final resin product, companies must implement traceability systems that 248 

constitute a medium level of certification. Nevertheless, the mix of natural resin with non-249 

certified inputs is possible. Therefore, a certificate of the custody chain (high level of 250 

certification) can be a way to guarantee that final product are based on natural raw 251 

products. Finally, the focus groups showed that the scenarios were more credible when a 252 

timeframe attribute was included. Likewise, the individuals perceived that the effects of 253 

the program were not immediate. We considered a duration of the program of 5, 10 or 15 254 

years and people would pay -via increase of taxes- an annual cost of 6, 12 or 18 euros per 255 

year. This monetary attribute allows to estimate the marginal willingness to pay by each 256 

of the characteristics of the resin-tapping program. 257 

 258 

The valuation questionnaire was administered on-line to 1,000 individuals from a 259 

consumers’ panel. The target population was adult inhabitants from Castilla y León, since 260 

almost all resin-tapping activities in Spain are concentrated in this region. The use of 261 

internet in DCE has grown along the last years. Nevertheless, consumers’ panels are 262 

usually not representative of the whole society of a region. The participants of these 263 

panels usually have (in relation to the average population) more educational level, they 264 

are younger, they live in urban habitats, etc. For example, our sample includes a high 265 

percentage of individuals with university studies (45.9%), a figure well above the 266 
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population average in the study area. Given the topic of study, focusing on issues related 267 

to the rural environment, filters of habitat types were established. In this sense, the 268 

invitations to participate in the study were stratified taking into account the current 269 

distribution of population along five sizes of habitat of residence (Table 2). It is worth 270 

noting that, as concerns over phone based surveys some decades ago, it is expected that 271 

representativeness concerns about internet based surveys will be reduced in the next years 272 

(Lindhjem and Navrud, 2011). 273 

 274 

Table 2. Habitat size and province of residence of the sample  275 

Habitat of residence (municipalities) % Province Sample (%) Real (%) 

Less than 1000 inhabitants 13.8 Ávila 7.3 6.8 

Between 1000 and 10000 inhabitants 26.0 Burgos 11.3 14.7 

Between 10001 and 30000 inhabitants 8.0 León 14.3 19.5 

Between 30001 and 100000 inhabitants 20.1 Palencia 8.5 6.7 

More than 1000 inhabitants 32.1 Salamanca 15.3 13.8 

  Segovia 7.7 6.4 

  Soria 3.4 3.7 

  Valladolid 22.6 20.9 

  Zamora 9.6 7.6 

 276 

The discrete choice experiment was implemented in an on-line questionnaire containing 277 

questions relating to the human relationships with the forests, the knowledge about resin-278 

tapping activities, socio-demographic characteristics, etc. The surveys were conducted in 279 

October 2012 with an average duration of 18 minutes. The choice sets were designed 280 

following an optimal in difference design as proposed by Street and Burgess (2007) that 281 

yields 18 choice cards containing three alternatives each one: two prospective programs 282 
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(A and B) and the status quo scenario (no program1). An example of a choice card is 283 

present in the Figure 2. In order to mitigate fatigue effects, a blocking strategy was applied 284 

(considering two blocks with nine choice cards each one). Data was analyzed using a 285 

Mixed Logit model (Train, 2003) and NLOGIT 5 software. Good fitting of mixed logit 286 

models is shown when individual’s preferences are described by continuous distribution 287 

functions. Thus, we adopt the typical assumption that all parameters other than the cost 288 

and the alternative specific constant are normally distributed (Nordén et al., 2017).  289 

 290 

Figure 2. Example of choice card 291 

                                                           
1 In the focus groups we observed great heterogeneity about the perception of people about the current 

situation in regard to the qualitative attributes. To minimize possible bias derived from a specific 

specification (Domínguez-Torreiro and Soliño, 2011), we designed three types of status quo taking into 

account (i) the "worst" levels, (ii) the “medium” levels, and (ii) without specification about the current 

levels, i.e. a general opt-out alternative. 
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 292 

2.4. Prospective scenarios  293 

 294 

Combining GIS technologies with environmental valuation is a useful tool for natural 295 

resource managers since we obtain a full regional map of social preferences. Spatially 296 

influenced predicted data are often obtained using spatial interpolation methods 297 

(Burrough and McDonnell, 1998). Spatial analysis methods can be used to illustrate the 298 

heterogeneity of individuals’ preferences and obtain marginal willingness to pay (WTP) 299 

predictions at municipality level along all the study area, i.e. 2,248 municipalities of 300 

Castilla y León. The WTP for different attributes embedded in a resin tapping program 301 

are estimated taking into account that we used effect codes for the qualitative attributes 302 

(Lusk et al., 2003), and the omitted baseline attributes correspond with the worst levels 303 

(BIOL, FIREH and CERTL). Economic estimates of the aggregated welfare change in 304 

several prospective scenarios for resin tapping are calculated following the compensating 305 

surplus (CS) formula described by Hanemann (1984).  306 

 307 

The accuracy of spatial interpolation prediction can be determined by different methods. 308 

Hence it is crucial to select the appropriate interpolation method to make spatial 309 

prediction. In this case, we interpolate a spatially continuous area with a basic problem-310 

solving level in spatial analysis. Several interpolation techniques such as the Inverse 311 

Distance Weighting (IDW) and Kriging were tested using the ArcGIS 10.2.2 312 

Geostatistical Analyst Extension Model. IDW adequately fits our data (Appendix 1) and 313 

thus, it is assumed as a comprehensive interpolation method for this case study.  314 

 315 

 316 
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3. Results 317 

 318 

3.1. Ecological analysis 319 

 320 

Average local α richness in 36 sampled plots (12 per municipality) was 51.8 ± 2.8 species. 321 

This value was 43.8 ± 3.2 for pine forests, while average local α richness for the rest of 322 

land uses was 60.0 ± 3.1 species. Pinus pinaster tapped α richness was 40.2 ± 3.0 species, 323 

and not statistically significant differences were found for Pinus pinaster non-tapped α 324 

richness (40.0 ± 2.9 species). Data of average local α richness following the land uses 325 

classification are presented in the Table 3.  326 

 327 

Resin tapped pine forests do not differ in α richness from other pine forests in the region 328 

but was poorer in species than other land uses on more fertile soils such as dehesas (grazed 329 

open oak woodland, really scarce in this region), broadleaves forests dominated by 330 

Quercus spp., riparian forests or wetlands and water bodies boundaries. Anyway, the wide 331 

extension of the pine forests (more than 15 % of the territory) makes this vegetation type 332 

the main element to counterbalance the monotony of the treeless, modern agricultural 333 

matrix that is based on large field sheets result of land consolidation in the 20th century,  334 

which occupies nearly 60 % of the study area. 335 

 336 

  337 
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Table 3. Land uses in Provenance Region Meseta Castellana with relative extension and 338 
average local α richness for vascular plant species. 339 

Land use Extension (ha) Rate α average Std.dev. 

Pine forests 158,396 0.151 43.4 18.0 

Other coniferous forests * 13,274 0.013 43.4 
 

Broadleaves forests 47,064 0.045 67.6 20.1 

Mixed pine forests 12,915 0.012 34.1 8.7 

Mixed pine & coniferous forests 4,057 0.004 55.0  

Mixed pine & broadleaves forests 3,076 0.003 41.0 9.9 

Mixed coniferous forests 3,243 0.003 34.1  

Mixed broadleaves forests 5,082 0.005 49.5 19.1 

Mixed coniferous & broadleaves forests 18,318 0.017 55.0 10.1 

Riparian forests 7463 0.007 73.0 16.1 

Open ”dehesa” oak wood-grasslands 12,075 0.012 79.4 20.5 

Recent afforestation* 49,937 0.048 55.7 23.9 

Scrublands 16,665 0.016 65.5 22.2 

Pastures-scrublands 36,387 0.035 44.7 17.0 

Pastures-meadows 29,060 0.028 70.0 28.3 

Wetlands # 584 0.001 74.5 30.7 

Water bodies * # 1,257 0.001 74.5 
 

Farmland # 611,955 0.583 69.4 27.2 

Fallows * 1,497 0.001 44.7 
 

Artificial 16,862 0.016 0.0 
 

Total 1,049,165 1 54.0 
 

* No data available of α richness for this land use. Value projected from a similar land use. 340 
# The area calculated is not the total extension but a buffer (30 m wide) of the perimeter. 341 
 342 

This issue is not only relevant for landscape and human wellbeing, but especially as 343 

wildlife habitats. There are emblematic species that rely on the extension of these pines 344 

forests and the protection they offer, such as endemic Iberian imperial eagle (Aquila 345 

adalberti), black stork (Ciconia nigra), Iberian wolf (Canis lupus signatus), or even the 346 

small Mediterranean water shrew (Neomys anomalus), an amphibious reliant on clean 347 

water of forest streams. 348 

 349 

  350 
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3.2. Economic valuation 351 

 352 

Previous to the discrete choice experiment, individuals’ perceptions about the resin-353 

tapped forests were collected. Firstly, we highlight that 36% of the sample absolutely 354 

ignored the resin tapping activity, but 64% was aware that resin tapping is a relevant 355 

economic activity in Castilla y León. Other of the interesting issues for this study is to 356 

explore the perception about the externalities associated to the resin tapping. The 89% of 357 

our sample considered that it is important to produce natural resin in Spain, the 86% bear 358 

in mind that resin tapping is a traditional work to be reinforced, and other 83% felt that 359 

resin tapping contributed to diminish the risk of forest fires. A social externality such as 360 

the rural population reinforcement was recognized by the 72% and the biodiversity of 361 

flora was identified by the 63% of the interviewees as relevant issues. Finally, the survey 362 

participants were informed that an intensive pine management (reducing the number of 363 

pine trees, pruning the lower branches and eliminating scrub) was required to carry out 364 

the resin tapping. The majority of respondents (74%) thought that active management 365 

was positive for the forests, while 13% said that such actions seem an excessive 366 

humanization of pine forests. 367 

 368 

Table 4 presents the results from the mixed logit model. The positive alternative specific 369 

constant (ASC) implies that consumers are, ceteris paribus, willing to contribute for a 370 

resin-tapping program. Table 4 also presents the estimated individuals’ marginal 371 

willingness to pay (WTP) for all the attributes, expressed in euros per year.  372 

 373 

  374 
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Table 4. Mixed logit results  375 

Variable Coeff. Std.Err. t-ratio Individual mWTP* Std.Err. 

EMPLOY 0.020*** 0.001 25.372 0.31*** 0.022 

TIME  0.044*** 0.007 6.600 0.68*** 0.114 

BIOM   0.085*** 0.031 2.729 7.61*** 0.964 

BIOH   0.325*** 0.030 10.878 11.32*** 1.090 

FIREM   0.329*** 0.029 11.440 26.01*** 1.968 

FIREL   1.031*** 0.042 24.359 36.81*** 2.603 

CERTM  0.132*** 0.028 4.647 10.92*** 1.067 

CERTH  0.446*** 0.033 13.550 15.76*** 1.354 

ASC    0.917*** 0.099 9.295   

COST   -0.065*** 0.004 14.681   

Std. Dev. of random parameter distributions 

EMPLOY 0.016*** 0.001 18.680   

TIME 0.119*** 0.006 19.824   

BIOM  0.301*** 0.056 5.382   

BIOH  0.255*** 0.063 4.033   

FIREM  0.082 0.168 0.491   

FIREL  0.821*** 0.050 16.538   

CERTM 0.069 0.065 1.052   

CERTH 0.429*** 0.045 9.538   

Log likelihood -5950.794     

Pseudo-R2 0.3982     

*** Significance at 1% level. 376 

 377 

These figures represent the average maximum willingness to pay for each of the effects 378 

from a resin-tapping program. People prefer a longer program with high employment 379 

creation. Fifty new jobs and a program along 10 years are associated with a WTP of 15.5€ 380 

and 6.8€ respectively. The most valuated attribute is to reduce the risk of forest fires to a 381 

low (36.81€) or medium level (26.01€). The introduction of certified products that 382 

incorporate natural resin is associated with a WTP of 15.8€ for the highest level. In regard 383 

to the biodiversity conservation, a growing non-linear relationship was found towards 384 
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higher levels of biodiversity. A moderate level is associated with a WTP of 7.6€, whereas 385 

a high level of biodiversity to 11.3€.  386 

 387 

Taking into account both the results from the ecological and the economic analysis, the 388 

WTP for the current level of ecological diversity of vascular plants was generated using 389 

the IDW interpolation technique for all the Pinus pinaster Provenance Region 8. The 390 

distribution of the α richness and the WTP per municipality were recoded as a category 391 

variable taking values “low”, “medium” and “high”. These categories were calculated 392 

using differences in means, i.e. using the average α ± Std. Dev. as cut points for the low 393 

and high diversity categories. The 61% of municipalities shows a positive relationship 394 

between diversity and willingness to pay for high diversity values, i.e. low/medium/high 395 

values of diversity are associated to low/medium/high values of WTP (Table 5).  396 

 397 

Table 5. Number of municipalities of Provenance Region 8 attending to WTP and 398 

diversity values 399 

WTP\Diversity Low Medium High Total 

Low 10 31 4 45 

Medium 24 148 27 199 

High 3 17 7 27 

Total 37 196 38 271 

 400 

Municipalities with the main differences are focused in the eastern of the Pinus pinaster 401 

region of provenance (Figure 3), i.e. in the province of Soria, one of the most isolated, 402 

depopulated, and aged population region of Europe (9 inhabitants/km2, only 5 inh./km2 403 
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excluding the capital), where the ecological diversity is higher than the willingness to pay 404 

for a high level of diversity. 405 

 406 
Figure 3. Comparisons at municipality level between ecological diversity and willingness 407 
to pay in the Pinus pinaster Provenance Region 8. In red: diversity>WTP; yellow: 408 
diversity=WTP; green: diversity<WTP. 409 
 410 

3.3. Prospective scenarios 411 

 412 

Finally, three prospective scenarios (Table 6) are proposed to obtain the society wellbeing 413 

associated to different policy scenarios. SCN1 represents a full operative program of resin 414 

tapping along 10 years, i.e. a full improvement from the status quo. The labor force is 415 

doubled, an improvement of biodiversity richness is attached, the risk of forest fires is 416 

lower and traceability of natural resin is certified. SCN2 represents a moderate program 417 

along 5 years without changes on biodiversity and risk of forest fires. Finally, SCN3 418 

exemplifies the abandonment of resin tapping in Castilla y León. 419 
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 420 

Table 6. Prospective scenarios for resin tapping: Aggregated compensating surplus 421 

ATTRIBUTE LEVEL 

SCN 1: 

Full 

improvement 

SCN 2: 

Moderate 

improvement 

SCN 3: 

Abandonment 

New employment ► -100 jobs   ● 

► +0 jobs    

► +50 jobs  ●  

► +100 jobs ●   

Timeframe ► 0 years   ● 

► 5 years  ●  

► 10 years ●   

Biodiversity richness ► High ●   

► Medium  ●  

► Low   ● 

Risk of forest fires ► High   ● 

► Medium  ●  

► Low ●   

Certification ► High ●   

► Medium  ●  

► Low   ● 

Aggregated CS  169.32 M€ 83.24 M€ -204.71 M€ 

 422 

The estimated compensating surplus for these prospective programs shows that the 423 

abandonment of resin tapping activities in Castilla y León would lead to a welfare loss 424 

equivalent to 204 million euros. On contrary, the promotion of resin tapping programs 425 

would imply a positive welfare change between 83 (SCN2) and 169 (SCN1) million 426 

euros. Thus, these figures indicate the social relevance of maintaining this traditional 427 

economic activity in the pine forests of the Spanish central plateau, although an irregular 428 

distribution of the welfare losses across municipalities are identified (Figure 4), i.e. the 429 

losses are not equal for all the municipalities.  430 

 431 
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 432 
Figure 4. Estimated compensating surplus for the ‘Abandonment Scenario’ of resin 433 
tapping in Castilla y León. Welfare losses in 1st quartile (red), 2nd quartile (orange); 3rd 434 
quartile (light green); 4th quartile (dark green). The units correspond to the municipalities. 435 
 436 

4. Discussion and conclusions 437 

 438 

Provision of resin in Europe is based on multifunctional, sustainably managed semi-439 

natural forest ecosystems. In Spain 90% of these pine forests are of public ownership, 440 

successors of the medieval commons that for the last thousand years have been conserved 441 

as pine woodlands and managed actively by municipal councils for timber, firewood, 442 

resin, and pine nut provision, and for grazing and hunting (Gil, 2008). The main and 443 

historical threat for this semi-natural forest ecosystems are wildfires, whose risks increase 444 

with land abandonment due to lack of profitability. On the contrary, the dispersed 445 
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presence of resin-tapping workers during the summer season implies their availability as 446 

immediate firefighters, and their activity is associated with pruning the lower part of 447 

stems from dead or weak branches, and cleaning of ground vegetation around the trees. 448 

Moreover, as source of local, disperse employment in the forest villages, the resin supply 449 

chain helps to retain rural population offering endogenous economic activity. The survey 450 

conducted in Castilla y León has shown that the wider society is aware of these 451 

environmental and social benefits of resin tapping, especially in relation with reduction 452 

of forest fires, i.e. one of the main environmental problems associated with the 453 

Mediterranean forests (Varela and Soliño, 2015).  454 

 455 

Moreover, this study shows how vascular plant species richness of pine forest is lower 456 

than for more eutrophic ecosystems such as oak woodlands, riparian forests or farmland 457 

boundaries. Nevertheless, their singularity is precisely the continuous extension of several 458 

hundred square kilometers of pine forests in a plain covered with quaternary sand deposits 459 

and dunes, where villages are placed only on clearings limited to spots of arable land. 460 

This forest landscape matrix includes and shelters also other, spatially reduced habitats 461 

types within, such as more mesic sites were broadleaves can stock, or crossing forest 462 

streams and narrow river valleys where agricultural transformation of the natural 463 

landscape is distanced, offering habitats for disturbance-sensitive species.  Society value 464 

positively the vascular plants of these pine forests (8-11 euros), but in a lower manner 465 

than other external effects associated to the resin tapping such as the added value of 466 

certification (11-16 euros), rural employment (15 euros) or the aforementioned lower risk 467 

of forest fires (26-37 euros).  468 

 469 
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Subsiding forest operations and surveillance can require public funding. This point might 470 

not be considered relevant in many developed countries, but in the current reality of 471 

southern Europe it is. In the last decade, drastic public budget cuts for forest management 472 

-including fire preventive operations- has derived in sad synergy with effects of ongoing 473 

climate change into a dramatic increase of human and material losses in the Iberian 474 

Peninsula.  This study contributes to this discussion as the social values may be 475 

incorporated to the decision making process in order to design payments for ecosystem 476 

services for the resin tapped pine forests. Social preferences legitimize the improvement 477 

of the resin tapping through the positive values they bring to the ecosystem services 478 

associated with these forests. If these values are effectively taken into account, the resin 479 

tapping will be a way to ensure a rural population enjoying greater well-being than the 480 

current one. Moreover, this new approach would contribute to guarantee the profitability 481 

of resin tapping, even under eventual shocks in the cyclical markets. Thus, sustainability 482 

of the forest ecosystems would be achieved and biodiversity associated to this particular 483 

systems would contribute to the general equilibrium of the mosaic of land uses. Finally, 484 

all these effects could be achieved at a lower cost for society than the decision to abandon 485 

this use, a figure summing up more than 200 million of euros. 486 

 487 

A program of payment for ecosystem services is in consonance with the new Common 488 

Agricultural Policy and could be instrumented in different ways: payments to the resin 489 

workers, to the municipalities or local companies (in public domains) so that they hire 490 

resin tappers to achieve those ecosystem services, a price-bonus channeled through resin 491 

buyers, etc. Resin workers specially demand the implementation of a plan of employment 492 

for forestry activities outside the resin tapping period (Justes and Soliño, 2018). In this 493 

sense, the social recognition of this traditional activity could maintain the activity and 494 
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even attract new resin tappers. Nevertheless, there may be perverse effects, such as a new 495 

equilibrium where intermediaries and/or the forest owners could capture the benefits 496 

(through reduced prices or higher concession fees), or a reduction in the market price 497 

derived from the increased amount of resin in the market, or a reduction of tapping 498 

efficiency. All these issues must be considered in the design of the program. 499 

 500 
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Appendix 1. Cross validation between IDW estimates and real data 

    
CERTM: R² = 68.92% BIOM: R² = 71.69% FIREM: R² = 74.69 % EMPLOY: R² = 74.24% 

    
CERTH: R² = 67.47% BIOH: R² = 63.95% FIREL: R² = 74.88% TIME: R² = 70.84% 

   

 

CERTL: R² = 66.88% BIOL: R² = 67.45% FIREH: R² = 76.20% 
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