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Abstract: The search for a balance between nature conservation and sustainable development 
remains a scientific and spatial planning challenge. In social-ecological systems based on 
traditional rural activities and associated with protected areas, this balance is particularly complex. 
Quantifying the economic impact of land use changes on ecosystem services can be useful to advise 
policy makers and improving social-ecological sustainability. In this study, we evaluated the land 
use changes in a time series and estimated the monetary value of the ecosystem services of the 
Urdaibai Biosphere Reserve (Biscay, Spain). In addition, we linked the monetary and biophysical 
values of land uses in each zoning units of the reserve, in order to identify the spatial adjustment 
between both assessments. Results showed that land use changes have clearly homogenized the 
landscape without substantially affecting its economic value. The methodological approach 
allowed detection that the reserve zoning was performed based more on its biophysical values than 
on economic ones. Thus, evident divergences between the biophysical and economic assessments 
were found. The core area was the one that had the highest coincidences (medium values) between 
both ecosystem services assessments, which highlights its importance not only in biophysical 
terms, is also economical. The procedure followed proved to be a useful tool to social-ecological 
planning and design of specific conservation strategies for the sustainable development of the area. 

Keywords: social-ecological systems; ecosystem services valuation; land use changes; protected 
area management; spatial coincidence of biophysical-economic assessments 

 

1. Introduction 

Land use changes are the main direct drivers affecting the landscape, causing serious 
environmental and socioeconomic problems [1,2]. It is considered that they will have the largest 
global impact on biodiversity by the year 2100 [3], contributing to ecosystems degradation, 
undermining the ecosystem function and resilience, and thus, threatening the ability of ecosystems 
to continuously supply services [4]. Land use changes, if anything, are even more worrying in 
social-ecological systems or cultural landscapes, closely linked to and affected by the socioeconomic 
structure and cultural aspects.  

Social-ecological systems (SES), as cultural landscapes, are the result of the interrelationship 
between ecosystems and human activities shaped over time [5], conditioned by management 
policies to take advantage of their spatial heterogeneity and biodiversity [6,7]. Social and ecological 
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systems coevolve such that ecological systems reflect the characteristics of social systems like values, 
knowledge, social organization, and technologies, whereas social systems reflect the characteristics 
of the environment such as species, variation, or resilience [8]. The result is that there are no social 
systems without nature and few ecosystems without people [9]. Therefore, the adaptation of 
conservation policies and the application of new approaches to these complex systems are essential 
[10]. The conservation of cultural landscapes is very relevant within the framework of the European 
Landscape Convention and its implementation, which has allowed recognizing important 
conceptual and spatial links between European cultural landscape and the Protected Area network, 
favoring the resilience of social-ecological systems in the rural areas of Europe [11,12]. However, the 
method of exploiting ecosystems and the conflict of interest between stakeholders has led to a 
“conservation against development model” [13–15], affecting both the functionality of natural 
ecosystems and the sustainability of the coupled human and natural systems [16]. The concept of 
development has been usually associated with the maximization of the supply of those ecosystem 
services (ES) with the highest direct market values, basically provisioning services, which likely 
produce spatial and composition homogenization of the landscape and lead indirectly to the decline 
of the delivery of other regulating or cultural services [17,18]. Specifically, these last services are not 
captured by the market and/or are not adequately quantified in comparable terms with economic 
services and products [19,20], implying their over-exploitation or damage at low or no cost. Hence, 
given the lack of consideration of the contributions that all types of ES deliver for human well-being, 
it seems necessary not only to quantify or map the supply of the services provided by the ecosystem, 
but to combine the biophysical assessment of ES with economic and socio-cultural valuation, so that 
they can be considered in decision making regarding their conservation [21]. 

Certainly, the ES framework has made visible the necessity for considering not only ecosystems 
(supply-side), but also social systems, resulting from the needs and interests of human societies 
(demand-side). Biophysical assessment is related to the supply-side of ES and is assessed through 
biophysical indicators. Economic valuation involves the actual allocation of human resources to 
obtain or enjoy ES, and socio-cultural valuation refers to the relevance given to the ES by 
stakeholders in a specific area for their own well-being [22]. All of them provide useful information 
to decision makers about the biophysical components and properties, preferences, demands, or 
interests of society. 

Sitas et al. [23] highlighted the importance of recognizing human demands in decision-making 
for sustainable development, while Magliocca et al. [24] and Wang et al. [25] suggested that 
policy-makers must take into account the local situation and changes of land use for the 
sustainability of the landscape. Actually, the future capability of ecosystems to provide services is 
determined by socioeconomic and cultural changes, land use, and biodiversity, among others [26].  

In environmental policy and decision-making circles, in particular, it has become essential to 
think about the human economic benefits derived from well-functioning ecosystems. Since the 
publication of Costanza et al. [19] and The Economics of Ecosystems and Biodiversity [27], the study 
of the economic valuation of ES has increased steadily [28,29] and countless studies have assessed 
the monetary value of the ES provided, especially by protected areas [14,30–33]. Its importance lies 
in that it can help to reflect the externalities (positive or negative) of environmental goods at the 
market price, and therefore, serves as a tool to quantify the trade-offs among different management 
options [34]. Likewise, it allows the development of specific policies, land use plans, ES payments, 
and common asset trusts [35]. Thus, the integration of economic and biophysical assessment of ES 
can inform decision-makers about conservation–conversion trade-offs of landscapes [36,37] by 
considering environmental and socioeconomic factors. In addition, it may be a suitable tool to mirror 
their importance and based on this valuation, to make recommendations to develop sustainable 
policies focused on the SES. 

In this sense, with the recognition of the existence of plural values of ES [38,39], the integration 
of ES values (biophysical, monetary, and socio-cultural) into policy and decision making practices 
has been a very common matter of debate [40,41]. Recently, plenty of studies have highlighted the 
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importance of the integrated valuation of ES for landscape planning [42–45]; however, 
operationalization of biophysical-economic assessment to territorial planning is still not frequent. 

In this context, this paper aims to contribute to the existing research by proposing a 
methodological approach to integrate biophysical and economic assessments of ES in order to 
provide useful information for the formulation of integrated territorial policies addressed towards 
sustainable development. The study has been developed in the Urdaibai Biosphere Reserve (UBR), 
in the Basque Country (Spain), considering that the main objective of biosphere reserves is to 
reconcile nature conservation with the sustainable use of natural resources, increasing human 
well-being [46]. In addition, the zoning process, in core, buffer and transition areas, must ensure that 
biosphere reserves effectively combine conservation and sustainable use of resources. For that 
reason, they are interesting places to understand the interactions between humans and nature. Our 
hypothesis is that changes in land use/land cover (LULC) that occurred in the UBR over the last four 
decades could have had negative consequences on the monetary value of the supplied ES and that 
their biophysical and monetary values might not coincide in each of the spatial sectors designed in 
the reserve zoning process. To verify this, we analyzed: (i) The dynamics of LULC and its possible 
effect on the monetary value of ES and (ii) the spatial coincidence of the biophysical and economic 
assessments in the delimited zoning units. 

2. Study Area 

The SES of the Urdaibai estuary, located in Northern Spain (Biscay, the Basque Country) 
(Figure 1), with an area of c. 22,000 ha, was designated in 1984 by UNESCO as a biosphere reserve. 
The zoning scheme of biosphere reserves include a core zone of strictly protected ecosystems, a 
buffer zone where human activity is limited, and a transition area that extends to the outside area 
where greater activity is allowed considering the interests of different stakeholders such as local 
communities, management agencies, or scientists. The UBR is a typical agrarian mosaic landscape 
that is distinguished by smallholdings and multiple land uses, which over time have maintained a 
viable and ecologically sustainable production system conserving a high level of landscape diversity 
and complexity [47]. It is characterized by its high biophysical and cultural value in which nature 
and society have co-evolved throughout the years conforming a resilient SES [48]. The designation of 
the biosphere reserve was based on the coastal ecosystems, marshlands and green oak forests (the 
core area of the reserve) [49]. However, with the beginning of the industrialization, native forests 
were almost eliminated because of timber and charcoal demand, and many farms were abandoned. 
To counteract, fast-turnover plantations were expanded thanks to policies that encouraged 
subsidized planting of Pinus radiata and Eucalyptus sp. monocultures (30- and 10-year rotation, 
respectively) [50]. Consequently, the social-ecological resilience of the study area has been 
threatened [48] and the landscape diversity and complexity have been reduced with serious 
ecological consequences [47,48], altering its capacity to supply ES [51]. 



Sustainability 2019, 11, 3092 4 of 24 

 
Figure 1. Location of Urdaibai Biosphere Reserve (UBR) in Biscay (Spain). To achieve an integrated 
management the UBR is divided into three interrelated zones: core area, buffer zone and transition area. 

3. Methods 

3.1. Selection, Classification and Dynamic of Land Use/Land Covers 

We selected and classified land uses into eight common major LULC categories by using 
high-resolution aerial photos (paper and digital format) of the landscape from 1965 and 1983, as well 
as available cartography for 2009. These time interval capture different relevant years related to 
LULC changes tendency: 1965 was the year that changes in economic activity from agriculture and 
livestock farming to forestry began, 1983 was the year that preceded the designation of the area as a 
biosphere reserve, and 2009 corresponds to the year of the last update of the habitat EUNIS 
(European Nature Information System) map in The Basque Country [52], linked to the European 
Union Habitats Directive [53]. 

For each year, we generated a grid system of overlapping polygons of approximately 400 m2 in 
size, which was the smallest area we were able to identify in the case of aerial photos from 1965, and 
assigned them a dominant LULC category in accordance of the majority LULC. The LULC 
classification included those habitats we considered the most representative, previously used in 
other studies [19,35,48], and which therefore, best fit for subsequent valuation. This classification 
was divided in: Croplands, natural and semi-natural grasslands, coastal system, native forest, 
scrubland, pine and eucalyptus plantations, clear cuts, and urban areas. 

3.2. Selection and Valuation of Ecosystem Services 

We selected a total of nine ES due to their relevance for conservation planning and 
socioeconomic development of the area, including three provisioning (food production, timber, and 
fresh water), four regulating (carbon storage, water regulation and purification, pollination and 
biological control, and habitat for species) and two cultural services (tourism and recreation and 
aesthetic enjoyment) (see Supplementary Materials Table S1). 

We estimated the biophysical and monetary value of these ES for the year 2009 and integrated 
both assessments to analyze coincidences across zones in the biosphere reserve. The reason of 
choosing 2009 year was because indicators used for the biophysical assessment were based on LULC 
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categories, and accurate areas for 1965 and 1983 were not available. In doing so, we used the 
software ArcGIS 10.4 [54] and established the LULC categories by reclassifying the habitat EUNIS 
map. Appendix A Table A1 shows the LULC categories identified in the study area. 

The use of LULC as suitable proxies is a useful and frequent approach when ES cannot be 
quantified because of the lack of empirical information about them and how they are changing over 
time [55–57]. This approach is appropriate in areas, as the one studied here, where primary data and 
environmental information are absent or lacking [58,59]. 

3.2.1. Estimation of the Biophysical Value of Ecosystem Services 

Due to the difficulty in measuring ES, a key phase in the valuation procedure is the selection of 
suitable indicators [60]. We used biophysical proxies to assess the capacity of the different LULC 
categories identified to provide ES (see Supplementary Materials Table S2). 

To estimate food production, we added the relative values of the supply of food from 
agriculture, livestock and fishing, which were in turn calculated on the basis of the average yield of 
the main crops and livestock, and weight of fish, respectively [61,62]. Fresh water was determined 
through the SIMPA (Simulation Precipitation-Contribution) model [63] and by using a runoff water 
proxy, as follows: 

FW = P − EV (1) 

where FW is the annual water flow (mm year−1), P is the annual rainfall (mm year−1), and EV is the 
annual evapotranspiration (mm year−1). Annual evapotranspiration was calculated by using 
potential and real evapotranspiration maps (1980/81-2005/06 periods) [64]. However, as the potential 
evapotranspiration does not take into consideration the scarcity of water in soil or vegetation impact, 
and in order to calculate a more realistic value for the evapotranspiration, we applied a correction 
factor for the different vegetation types from the InVEST—Integrated Valuation of Ecosystem 
Services and Tradeoffs [65] and rescaled the values to the real evapotranspiration of the Oka river 
basin. 

Carbon storage supply was assessed following the same procedure of Onaindia et al. [51], on 
the basis of the C stored in living biomass and soil. C stored in soil was estimated through the 
“Inventory of organic C stored in the first 30 cm of the soil” of the Basque Country [66], whereas C 
stored in living mature trees was calculated as follows [67]: 

CB = V BEF (1 + R) D CF (2) 

where CB is the carbon stocks in living biomass (t C ha−1); V is the merchantable volume data for 
each tree species (m3 ha−1), according to the Forest Inventory of the Basque Country 2011 [68]; BEF is 
the biomass expansion factor for the conversion of merchantable volume to aboveground tree 
biomass [69]; R is the root-to-shoot ratio to include belowground tree biomass; D is the basic wood 
density (t d.m.m−3), for the Northern Iberian Peninsula forests [70,71], and CF is the carbon fraction 
of dry matter, t C. 

We estimated the supply of water regulation and purification by using the water retention 
index developed by Maes [72] through ESTIMAP (Ecosystem Services Mapping) model. To quantify 
pollination and biological control, we estimated a pollination index of the likely abundance of 
pollinator species in each ecosystem by using the InVEST software [65]. To estimate habitat for 
species, we also followed the procedure of Onaindia et al. [51] and added native plant richness, 
habitat quality (successional level), and legal protection. Finally, we used recreation and landscape 
aesthetic indices estimated by Peña et al. [73] to quantify the supply of tourism and recreation and 
aesthetic enjoyment, respectively. 

Every ES was mapped and, using zonal statistics tool in ArcGIS 10.4 [54], mean and standard 
deviation of each ES provided by different LULC category in the three zones of the UBR were 
quantified. The spatial measurement units were ha. 
  



Sustainability 2019, 11, 3092 6 of 24 

3.2.2. Estimation of the Monetary Value of Ecosystem Services 

We estimated the monetary value of ES (ESV) for each LULC category identified in the UBR as 
follows [74]: 

ESV = ෍ AkVCk

n

k=1

 (3) 

where ESV refers to the total value of the ecosystem service function; Ak is the area (ha) of each 
LULC category, k, and VCk is the monetary value coefficient (Int.$ ha−1yr−1) for each LULC category, 
k. 

To the best of our knowledge, there are no previous studies that economically value ES for 
LULCs in the UBR or other region next to it. Thus, we based the economic valuation method on the 
benefit transfer approach. This methodology involves estimating the monetary value of ES (ESV) for 
one context by utilizing results from existing studies [75,76]. Although the limits of the benefit 
transfer method have been greatly debated in environmental economics literature [76–78], this 
approach is gaining popularity to inform about nonmarket ES values in a manner relevant to the 
timeframe and budget within which decisions often have to be made [76]. Actually, it is often 
considered a valuable tool to provide useful information while reducing costs, constituting a simple 
tool that avoids the complexity of other methods and allows gaining in understanding, 
comparability, fast and easy calculation and feasibility when the time and budget are limited [79,80]. 
Yet, its practicality may be highly reduced because of the lower level of validity and reliability of 
transferred value estimates [81]. 

Aware of the importance of sites similarities when transferring monetary values, if possible, 
literature from close areas with similar characteristics was used. The VC of fresh water provision, 
water regulation and purification, and habitat for species (except for coastal systems) were estimated 
according to the data available from the project Valuation of Spanish Natural Assets [82]. In this 
project, VC of fresh water and water regulation and purification was estimated in accordance with 
the SIMPA model and water consumption and avoided costs of inland water treatment, respectively; 
while Nature 2000 management costs for conservation were used for habitat for species. 

ESV carbon storage was estimated from the product of the carbon tons stored in living biomass 
and soil in each type of LULC for its monetary value marketed in the European Energy Exchange 
(EEX). The EEX is the largest regulatory framework for emissions trading in the world and gives an 
average settlement price for 2013–2017 period of 5.75€ t−1CO2 or 21€ t−1C [83]. These carbon market 
prices are usually applied for accounting purposes [84]. However, it needs to be considered that 
estimates are strongly affected by the changes in carbon market prices. Besides, if social cost of 
carbon, understood as the long-term damage done by 1 t CO2 emission or the damages avoided for a 
CO2 reduction, is being considered, we acknowledge that our value differs substantially. The social 
cost of carbon has an average value of 36€ t−1CO2 [85] or 27€ t−1CO2 [86], according to a meta-analysis 
of 232 and 578 estimates and a 1% and 3% pure rate of time preference, respectively. Nevertheless, 
worldwide carbon prices range from less than 1€ t−1CO2 to 120€ t−1CO2 and about three quarters of 
the covered emissions are priced at less than 9€ t−1CO2 [87]. In addition, the willingness to pay for 
maintaining climate and air regulation in the UBR corresponds to less than 1€ t−1CO2 [88], which, 
together with the entirely commercial target of tree plantations in the UBR, leads us to think that the 
value obtained from the EEX is reassuringly reasonable. 

Similarly, estimates for timber provided by native forest and pine and eucalyptus plantations 
were determined on the basis of the prices perceived by farmers (2007–2011 years) and authorized 
wood-cuts. Then, we used the averaged values developed by Costanza et al. [35], which derived 
from the values used in de Groot et al. [4] and the Ecosystem Service Valuation Database [89], 
containing more than 1350 data-points from over 300 case studies with different valuation methods. 
These studies are the most complete and reliable for a first approximation of economic quantification 
and have been widely applied in estimating ecosystem services values all over the world [74,90,91]. 
We were careful to choose monetary values calculated for European countries, similar to our area in 
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terms of their ecological, socio-cultural and economic characteristics. Still, some of them were not 
available and we had to use values for other continents. Besides, there is a lack of data for some ES 
and LULC, so other sources, as similar as possible to our study area, were needed to complete the 
values. Lastly, in spite of classifying urban areas and although the provision of ES by urban green 
infrastructures is well-known [92–94], we excluded them from the valuation process for two main 
reasons: First, the territorial scope of the Plan for Use and Management, basic instrument to manage 
the area of the biosphere reserve, is only focused on unbuilt lands [49]; second, our spatial analysis 
was not precise enough to distinguish green spaces in urban areas. Likewise, clear cuts neither were 
valued assuming that their value is likely negligible because this type of management involves the 
temporal destruction of the ecosystem. 

All of the obtained values were adjusted to 2009 Euros per hectare per year so as to make 
possible the comparison of the values, which were assessed in different units. Following the 
procedure applied in de Groot et al. [4], if necessary, we converted the estimates into Euros by using 
official exchange rates and then, adjusted to 2009 values using the GDP deflators [95]. Appendix A 
Table A1 shows the most representative biomes used as proxies for the LULC categories. 
Supplementary material Table S3 displays the details of all data used for the benefit transfer and the 
VC of ES. 

Yet, no coefficient of sensitivity (CS) was applied to analyze the sensitivity and robustness of 
VC. In fact, despite the CS of Mansfield [96] is widely used in many ES studies [76,97–100]), there is 
large uncertainty and lack of validity regarding this approach. According to this analysis, if CS < 1, 
then the estimated ecosystem value is inelastic in relation to VC and the results of the ESV 
calculations are reliable even if the VC has relatively low accuracy, and vice versa. Nonetheless, the 
way they are calculated, CS values will always be in the range between 0 and 1, and besides, they 
will be always positive, which is not realistic in a real market either [101]. 

Lastly, we assessed the impact of LULC changes in the ESV by calculating the differences 
among monetary values in the time series considered from 1965 to 1983 to 2009, according to the 
areas of the dominant LULC categories, estimated through high-resolution aerial photos of the 
landscape. Following the same procedure as Zhao et al. [90], Li [102] or Song and Deng [103], we 
based on the 2009 value of the Euro and did not adjust monetary values to the corresponding dates 
to simplify comparison and avoid problems with inflation and deflation. 

3.3. Integrating Biophysical and Economic Assessments of Ecosystem Services. Spatial Adjustment 

We evaluated the degree to which economic valuation of ES coincides with the biophysical 
assessment of ES, or vice versa, by considering the zoning schemes of biosphere reserves, i.e., core 
area, buffer zone, and transition area. In doing so, we analyzed the spatial coincidence between both 
assessments by simply juxtaposing the relative levels of both assessment (i.e., low, medium, high) 
for each LULC category and zone, as shown in Figure 2. Specifically, we based on two data sets: (1) 
A biophysical vector, whose elements (amx1) are the normalized biophysical values of each zone of 
the UBR. Since ES biophysical values have different dimensions, to allow their comparison, each ES 
was scaled individually from 0 to 1 for each LULC category and zone, according to their minimum 
and maximum values (5); and (2) a monetary vector, whose elements (bmx1) are the monetary values 
of each zone of the UBR. 

xnormalized = x - min(x)
maxሺxሻ - min(x)

  (4) 
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Figure 2. General overview of the steps followed for the estimation of the biophysical-monetary 
coincidence, where amx1 and bmx1 are the normalized biophysical and monetary values of the 
biophysical and monetary vectors, respectively. The table of biophysical-monetary interactions 
shows the three categories of ES biophysical and monetary values in each zone, classified in three 
levels (low, medium and high values) and every possible spatial coincidence between them (low, 
medium and high coincidences). In the figure, the darker the blue color the higher the coincidence 
values. High coincidences were also subdivided, considering low (+), medium (++) and high (+++) 
degrees of adjustment Transit. = transition area. Note: For a similar cross-tabulation, see Schmitz et 
al. [104], Burkhard et al. [105], or Albert et al. [106]. 

4. Results 

Biophysical and monetary values of ES, as well as changes in the monetary value of ES 
throughout the years, are presented below, to subsequently evaluate the spatial coincidence between 
biophysical and economic assessments across the core, buffer, and transition areas of the UBR. 

4.1. Biophysical Value of ES of the Zoning Units 

Table 1 shows the normalized biophysical values obtained from the mapping procedure for 
each ES and LULC category and zone, and their added values by category of services. If we consider 
the whole of the biosphere reserve, native forest was the LULC with the highest contribution to ES 
per hectare, followed by scrublands and croplands, while a coastal system apparently contributed 
the least to ES (Table 1). By category of services, croplands were the main providers of provisioning 
services, whereas native forest and coastal system contributed the most to regulating services and 
cultural services, respectively (Table 1). As for the lowest biophysical values, coastal system had the 
lowest ones in both provisioning services and regulating services, and pine and eucalyptus 
plantations were the ones with the lowest ones in cultural services (Table 1). However, when zoning 
was only considered, we found that the core area and buffer zone presented the highest values, 
while the transition area seemed to have the lowest values. Still, differences among zones were not 
especially relevant, and overall, it could be said that ES are well-distributed across every zone, 
except for the supply of cultural services that was higher in the core area (Table 1). 
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Table 1. Normalized biophysical values obtained from the mapping procedure for each ES and LULC category and zone, and their added values by category of 
services. Measurement units are indicated in brackets. 

 Core Area Buffer Zone Transition Area UBR 
 CR GR CO NAT SCR PI CR GR CO NAT SCR PI CR GR CO NAT SCR PI CR GR CO NAT SCR PI 

Provisioning services (total) 1.93 0.93 0.90 1.24 0.91 1.86 1.63 0.92 1.01 1.34 0.96 1.76 1.61 0.94 0.01 1.87 0.96 1.75 1.56 0.73 0.39 0.58 1 1.12 
Food production (t/ha) 1 0.01 0.01 0 0 0 0.75 0.01 0.01 0 0 0 0.69 0.01 0.01 0 0 0 1 0.01 0.01 0 0 0 

Timber (m3/ha) 0 0 0 0.39 0 0.98 0 0 0 0.49 0 0.89 0 0 0 1 0 0.88 0 0 0 0.58 0 1 
Fresh water (mm/ha) 0.93 0.93 0.89 0.86 0.91 0.89 0.88 0.92 1 0.86 0.96 0.87 0.92 0.93 0 0.87 0.96 0.87 0.56 0.72 0.38 0 1 0.12 

Regulating services (total) 1.20 1.92 0.98 3.39 2.60 2.49 1.94 2.10 0.93 3.17 2.53 2.34 1.66 2.10 0.57 2.95 2.56 2.37 1.46 1.94 0.55 3.54 2.62 2.66 
C storage (t C/ha) 0.31 0.26 0 0.78 0.27 0.71 0.47 0.28 0.19 0.80 0.31 0.73 0.42 0.26 0.06 1 0.31 0.72 0.31 0.05 0 1 0.13 0.83 

Water regulation and purification (-) 0.58 0.54 0.42 0.63 1 0.87 0.78 0.67 0.09 0.65 0.80 0.77 0.66 0.73 0 0.77 0.82 0.91 0.57 0.66 0 0.54 0.90 1 
Pollination and biological control (-) 0.30 0.82 0 1 0.77 0.61 0.54 0.83 0.12 0.71 0.79 0.55 0.47 0.80 0.06 0.63 0.78 0.45 0.57 0.97 0 1 0.95 0.59 

Habitat for species (-) 0 0.32 0.56 0.98 0.57 0.30 0.15 0.32 0.53 1 0.64 0.29 0.11 0.31 0.45 0.54 0.64 0.29 0 0.25 0.55 1 0.64 0.23 
Cultural services (total) 1.06 1.25 1.71 1.28 1.59 0.53 0.62 0.93 1.65 1.19 1.10 0.33 0.41 0.64 1.59 0.17 0.87 0 0.43 0.78 2 1.26 1.21 0 

Tourism and recreation (-) 0.49 0.67 0.71 0.65 0.85 0.25 0.15 0.39 0.77 0.55 0.51 0.13 0.07 0.30 1 0.14 0.45 0 0.09 0.43 1 0.74 0.70 0 
Aesthetic enjoyment (-) 0.57 0.58 1 0.62 0.75 0.28 0.47 0.54 0.88 0.64 0.60 0.20 0.34 0.35 0.59 0.03 0.42 0 0.33 0.35 1 0.52 0.51 0 

Total 4.19 4.11 3.59 5.91 5.11 4.89 4.20 3.95 3.59 5.70 4.60 4.42 3.68 3.68 2.17 4.98 4.39 4.12 3.45 3.45 2.94 5.38 4.82 3.78 
 27.79      26.46      23.02            

Note: Since ES units are different, and consequently it was not possible their comparison, each ES was scaled individually for each LULC category and zone, 
according to their minimum and maximum and compared as relative values. CR = Cropland, GR = Natural and semi-natural grassland, CO = Coastal system, NAT 
= Native forest, SC = Scrubland, PI = Pine and eucalyptus plantations. 
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4.2. Monetary Value of ES 

4.2.1. Monetary Value of ES of the Zoning Units 

Table 2 shows the monetary values obtained for each ES and LULC category and zone according to 
their relative area, and their added values by category of services. Overall, the transition area presented the 
highest monetary values per hectare (>9000 €/ha/yr), followed by the core area (almost 7000 €/ha/yr) and 
the buffer zone (>5600 €/ha/yr) (Table 2). The highest monetary values for provisioning and regulating 
services were found in the transition area, croplands (1362.2 €/ha/yr), and pine and eucalyptus plantations 
(2241.4 €/ha/yr), respectively, whereas coastal system and native forest of the core area (547.8 and 317.8 
€/ha/yr, respectively) had the highest values for cultural services (Table 2). Zone by zone, coastal systems 
were the most valued LULC in the core area (3721.8 €/ha/yr), followed by croplands in the transition area 
(3106.4 €/ha/yr) and native forest in the buffer zone (2307.5 €/ha/yr) (Table 2). 

4.2.2. Changes in the Monetary Value of ES 

Table 3 shows the total monetary value of ecosystem services estimated for each LULC category and 
category of ES. As suggested by the results obtained, the LULC changes that occurred in the study period 
(Appendix A Table A2) seem not to impact in any way the ESV, being the global monetary value almost the 
same as in the past (Table 3). In fact, while the ESV of regulating services seemed to increase 58 × 105 €, 
provisioning services and cultural services reduced their ESV almost 56 × 105 and 1 × 105 €, respectively. 
This change in ESV was mainly due to the abandonment of multiple agricultural activities and its 
transformation to predominance of forestry activity (pine and eucalyptus plantations). The decrease in the 
agricultural area (−67%) led to a reduction of the food production service, concretely, the most valued 
service in monetary terms, so the impact on the global ESV was quite noteworthy, even if regulating 
services ESV presumably increased due to the high value of carbon storage. Likewise, although from 1965 
to 1983, the area of the natural and semi-natural grasslands and the native forest decreased by 35.8% and 
14.4%, respectively, from 1983 to 2009, with the expansion of clear cuts, natural and semi-natural 
grasslands were expanded by 88.6%, and native forest increased by 15% its area, resulting in an increase of 
34.7 × 105 and 22.3 × 105 €, respectively (Table 3). The coastal system has remained practically unchanged in 
the area throughout the study period, but scrubland has been drastically reduced (−73.3%), representing 
losses of 25.7 × 105 €. Finally, in spite of not being valued economically, it is important to point out that 
urban areas demonstrated the largest increase growing more than 200%, especially during the last period 
between 1983 and 2009, though their coverage represents only 2.2% of the total area (Appendix A Table 
A2). 
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Table 2. Monetary values obtained for each ES and LULC category and zone according to their relative area, and their added values by category of services (ESV in 
2009 €/ha/yr). 

 Core Area   Buffer Zone  Transition Area 
CR GR CO NAT SCR PI CR GR CO NAT SCR PI CR GR CO NAT SCR PI 

Provisioning services (total) 204.3 59.0 1224.4 122 15.7 18.1 296.4 201.7 7.7 121.1 105.5 114.8 1362.2 791.3 5.3 37.4 74.7 243.6 
Food production (t/ha) 189.1 49.6 1224.4 0 0 0 274.3 169.6 7.7 0 0 0 1260.5 665.4 5.3 0 0 0 

Timber (m3/ha) 0 0 0 19 0 9.5 0.0 0.0 0 18.9 0 60 0.0 0.0 0 5.8 0 127.4 
Fresh water (mm/ha) 15.2 9.4 0 103 15.7 8.6 22.1 32.1 0 102.2 105.5 54.7 101.6 125.9 0 31.5 74.7 116.2 

Regulating services (total) 224.3 76.3 1949.7 1884.4 123.2 166.7 325.4 260.9 12.3 1870.8 828.4 1056 1495.6 1023.9 8.4 577.4 586.9 2241.4 
C storage (t C/ha) 217.9 71.9 1128 1667 118.9 163.1 316.0 245.9 7.1 1654.9 799.3 1032.8 1452.4 965.0 4.9 510.7 566.3 2192.1 

Water regulation and purification (-) 0.7 0.6 103.7 3.4 0.7 0.4 1.0 1.9 0.7 3.4 4.4 2.6 4.8 7.5 0.4 1 3.2 5.6 
Pollination and biological control (-) 4.5 2.7 527.1 151.4 1.8 2 6.5 9.4 3.3 150.3 12.4 12.4 29.8 36.8 2.3 46.4 8.8 26.4 

Habitat for species (-) 1.3 1.1 190.9 62.7 1.8 1.3 1.9 3.7 1.2 62.2 12.3 8.1 8.6 14.5 0.8 19.2 8.7 17.3 
Cultural services (total) 37.3 8.2 547.8 317.8 0.4 12.9 54.1 28.2 3.5 315.5 2.8 81.7 248.7 110.5 2.4 97.4 2 173.5 

Tourism and recreation (-) 6.7 1.3 516.2 317.5 0.4 12.9 9.7 4.4 3.3 315.2 2.8 81.7 44.5 17.3 2.2 97.3 2 173.5 
Aesthetic enjoyment (-) 30.6 6.9 31.6 0.3 0 0 44.4 23.8 0.2 0.3 0 0 204.2 93.2 0.1 0.1 0 0 

Total 466.0 143.5 3721.8 2324.3 139.4 197.7 675.9 490.8 23.5 2307.5 936.7 1252.5 3106.4 1925.7 16 712.1 663.7 2658.5 
 6992.7  5686.9  9082.5      

Note: See that if monetary values for each ES and LULC are added, the obtained value would be exactly the same as in Table S2, i.e., VC. CR = Cropland, GR = 
Natural and semi-natural grassland, CO = Coastal system, NAT = Native forest, SC = Scrubland, PI = Pine and eucalyptus plantations. 
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Table 3. Total monetary value of ecosystem services (ESV in 2009 € × 105/yr) and percentage (in brackets) estimated for each LULC category and divided by their 
three main categories according to CICES [107]. 

LULC 
1965 1983 2009 Changes 

Prov. Reg. Cult. Total Prov. Reg. Cult. Total Prov. Reg. Cult. Total 1965–1983 1983–2009 1965–2009 
CR 111.9 122.9 20.4 255.2 (30.1%) 83.1 91.3 15.2 189.6 (21.6%) 36.9 40.5 6.7 84.1 (9.9%) −65.6 −105.5 −171.1 
GR 25 32.4 3.5 60.9 (7.2%) 16.1 20.8 2.2 39.1 (4.5%) 30.3 39.2 4.2 73.8 (8.7%) −21.8 34.7 12.9 
CO 11.2 17.8 5 34 (4%) 11.2 17.8 5 34 (3.9%) 11 17.4 4.9 33.3 (3.9%) 0 -0.7 −0.7 

NAT 9.1 140.7 23.7 173.5 (20.4%) 7.8 120.4 20.3 148.4 (16.9%) 9 138.4 23.3 170.7 (20.1%) −25 22.3 −2.8 
SC 3.9 31 0.1 35 (4.1%) 1.4 10.7 0 12.1 (1.4%) 1.1 8.3 0 9.4 (1.1%) −23 -2.7 −25.7 
PI 26.6 244.8 18.9 290.3 (34.2%) 41.7 383.7 29.7 455.1 (51.8%) 43.9 403.5 31.2 478.6 (56.3%) 164.8 23.5 188.3 

Total 187.8 589.4 71.7 848.9 161.2 644.6 72.5 878.2 132 647.4 70.5 849.9 29.4 −28.4 1 
Prov. = Provisioning services; Reg. = Regulating services; Cult. = Cultural services. CR = Cropland, GR = Natural and semi-natural grassland, CO = Coastal system, 
NAT = Native forest, SC = Scrubland, PI = Pine and eucalyptus plantations. Note: Differences in the monetary value may be found when comparing to the values 
obtained for 2009 in Table 2, especially regarding cropland and natural and semi-natural grasslands. These differences are due to bias in LULC occupied areas, 
estimated through aerial photos and dominant LULC category, as explained above. 
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4.3. Spatial Zoning Coincidence Between Biophysical and Economic Assessments 

Figure 3 shows the degree of adjustment between the biophysical and economic assessments of 
ES into the core, buffer and transition areas of the UBR. There were not found high coincidences 
between the two assessments in none of the delimited zones. The coincidence across buffer and 
transition areas, with high biophysical-low monetary values and low biophysical-high monetary 
values, respectively, was low, being the core area and the only one presenting medium coincidences. 

 
Figure 3. Mapping of both biophysical values of ES (a) and monetary values of ES (b) for each zone. 
Values were ranked on low-medium-high equal scale from green to yellow to brown. (c) 
Biophysical-monetary coincidence across the core, buffer and transition areas of the UBR. Urban 
areas were not evaluated (light grey zones). 

5. Discussion 

Several studies state that unsustainable practices like intensive farming and fishing, urban 
development and high-intensity logging as referred to here, not only have a negative ecological 
impact, but also as regards human preferences, and ultimately, economy [20,91,103,108]. However, 
the LULC changes occurred in the UBR during the last 44-year period, characterized principally by 
the increase of unsustainable logging practices, have not revealed any decrease in the ESV, but have 
maintained constant in time and even increased slightly.  

The biggest decrease observed was mainly due to the abandonment of croplands from 1983 to 
2009, which was one of the most economically valued LULC. Actually, although a Strategy of 
Sustainable Development was developed in 2009–2012 in the Reserve to enhance the sustainable 
ecological agriculture [109], these objectives have not been achieved yet. In contrast, the area of 
coastal system and native forest has remained fairly constant, so does the ESV. Specifically, as for the 
native forests, there was a decrease in the first period due to the replacement by pines and 
eucalyptus plantations, but a significant increase (14.1%) in the second period after the biosphere 
reserve designation. Similarly, other valuable LULC, such as natural grasslands, have had a similar 
dynamic. All this could be understood to be a success due to the management rules established by 
the Reserve Government for the conservation of biodiversity and natural resources [49,110]. Among 
others, a Territorial Action Plan has been developed for the suitable management of the Cantabrian 
evergreen-oak forest and their protection zones, LIFE projects (financial instruments supported by 
the European Union) have been carried out for the regeneration of coastal sands and restoration of 
marshlands, and also broad-leaf species have been planted in public lands as well as private lands 
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through cession agreements. Nevertheless, the Governance Plan for Use and Management approved 
in 1993 and that should have been revised more than 15 years ago, is still a matter of discussion 
among different social groups. Some reasons to reject the new reviewed version of the Plan [111] 
included both the criticism by ecologist groups arguing that the protection of the biosphere reserve 
would be reduced, and the disagreement on the part of the Association of Foresters of Biscay who 
stated that forestry would be highly limited. 

The management of the UBR has only been focused on a few marketed services, such as timber. 
The point is that carbon storage was, after food provision, the next most valued ES in monetary 
terms, and consequently, the economic impact of LULC changes over time was relatively low due to 
the great increase of pine and eucalyptus plantations playing a key role in carbon sequestration. 
Under this argument, forest managers in the region persist in the cultivation of pine and eucalyptus 
plantations. However, it must be considered that, once cut, the wood is transformed mainly into 
pellets for bioenergy, and therefore, in short-term carbon storage products. 

Similarly, pine and eucalyptus plantations are also one of the highest suppliers of water 
regulation and purification. Nevertheless, the provision of this regulatory services is negatively 
affected due to forest management (clear-cuts each 30 years for pines and 10 years for eucalyptus), 
which leads to numerous externalities or environmental side effects, such as erosion and soil loss 
[47], the worsening of water quality [112], loss of species diversity, and also, landscape aesthetic 
aspects [51,113]. These negative environmental externalities are related to economic losses that in 
this paper have not been considered in the monetary valuation, but should be accounted for in the 
decision-making processes. In addition, these processes have promoted landscape spatial 
homogenization decreasing its multifunctionality. 

As a consequence, the transition area, with the least restrictions of use and the highest forestry 
activity of the UBR, showed the lowest biophysical values and the highest monetary values. Thus, 
the spatial zoning adjustment between biophysical and economic assessments showed that 
transition and buffer zones, presented the lowest values of coincidence, whereas the core area, aimed 
at enhancing the conservation of natural resources and the rural cultural landscape, had the highest 
(medium value) degree of valuation coincidence. This greater coincidence highlights the core zone 
over the others for its social-ecological importance and conservation interest. 

Recommendations for Management 

In general, the focus of conservation planning is based on the biological benefits. Most of the 
conservation schemes incorporate economic costs simplistically, assuming that all areas are equally 
costly, without considering the spatial variability of costs over landscapes and regions [114]. 
Nowadays, a key challenge in conservation policies is to somehow integrate biophysical and 
socioeconomic values of ES [42,115]. Even so, the design of management policies does not always 
take these interactions into account, which can lead to inadequate conservation decisions. In fact, 
only an integrated approach can explore the linkages of the functioning of ecosystems and 
socioeconomic values and human well-being [116]. Thus, to achieve more efficiently conservation 
planning a cost-effectiveness analysis should be performed. So, beyond some methodological 
caveats already mentioned, this study represents a methodological approach towards the integrated 
assessment of ES from the biophysical and economic perspectives. The method followed has allowed 
us to unravel the links between both dimensions in the UBR zoning scheme, in order to provide a 
useful tool for the future management of the protected area. Additionally, it could also be valuable 
in identifying the most valued ES for the local community along biophysical and economic 
assessments. 

Our results highlight a gradient of biophysical value according to the degree of conservation in 
the UBR zoning scheme. In fact, the highest biophysical values of ES were found in the core and 
buffer zones. However, conservation criteria changes over time and socio-cultural context, so 
focusing solely on biophysical values will fail in biodiversity protection. In this regard, contrary to 
the biophysical value dimension, the transition area had the highest monetary values of ES. Then, 
when biophysical-monetary coincidence was analyzed, no high coincidences were found in none of 
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the zones, suggesting that each dimension provides divergent, but complementary information on 
their value. 

In this sense, important mismatches, i.e., differences in quality or quantity between biophysical 
and monetary value dimensions [22], were found in previous studies in the UBR [88], and other 
protected areas [42,117]. These differences between biophysical and monetary values are usually 
related to the relative abundance of ES and its derived economic value [118]. That is, a service can be 
more abundant, and consequently, its monetary value can be high or a service can be scarce or 
deteriorated, and precisely because of that, its monetary value can be even higher. Therefore, even if 
benefit transfer method might give insights for ES economic valuation and conservation decision 
making, it is fundamental to work locally to be more context-specific. Synthetically, and considering 
the limitations and controversy of economic valuation of ES by itself [119,120], it is important to 
highlight that it cannot be a substitute for biophysical assessment and it should only be acceptable when 
management of ecosystems develops synergies between ecological and social systems, leading to an 
egalitarian social-ecological transition [121,122]. Besides, it would be essential to include other value 
dimensions like socio-cultural. After all, people’s preferences are also motivated by non-economic 
reasons like ethic or their relationship with nature [123]. Therefore, if the whole complexity of ES is 
to be captured, we need to integrate biophysical, monetary, and socio-cultural values. 

On the other hand, previous studies in the UBR show that designation and management of the 
biosphere reserve have been positive for nature conservation and life quality local population [110]. 
The obtained findings here reaffirm the need for new approaches to balance the conservation goals 
and social requirements. In this social-ecological context, an adaptive management is promising 
[124]. The procedure developed could give, relatively easily, guidelines to adjust to the different 
situations over time and help in the redesign of the biosphere reserve in an adaptive manner. 
Specifically, the buffer zone and transition area, with the lowest coincidences would need to be more 
promoted so that a sustainable balance between biophysical and monetary values is to be achieved. 
For example, if we consider that the transition area, with most of its surface covered by pine and 
eucalyptus plantations, presented the lowest biophysical values, but the highest monetary values, as 
was suggested by Rodríguez-Loinaz et al. [113], we propose to replace exotic plantations by native 
forests in those areas with slopes higher than 30% or with erosion risk. In this way, the potential for 
increasing carbon sequestration in the long-term (>50 years) would be higher and other ES would 
also be favored, while avoiding the environmental problems the actual plantations cause [113], and 
consequently, biophysical and economic assessment could be matched. Similarly, the replacement of 
forestry land with high agrological capacity by the very highly economically valued (sustainable) 
agriculture would improve landscape multifunctionality, increase self-provisioning, recover natural 
ecosystems and maintain biodiversity and a diverse flow of ES [125,126], leading to a more balanced 
biophysical-economical assessment. Likewise, it is fundamental to stress the monetary value of ES 
provided by coastal systems, which seem not to be sufficiently recognized. 

Yet, only a holistic approach to landscape description can explain landscape complexity and 
trade-offs and synergies between ES [127]. Thus, conserving multifunctional landscapes that provide 
multiple ES should be a priority. Multifunctionality involves meeting multiple ecological, economic 
and socio-cultural services for multiple social actors within a territory. Hence, considering that 92% 
of the territory is privately owned, the involvement of affected local populations is necessary and 
their ES preferences should also be taken into account, and if necessary, compensated, so that private 
and public sectors could agree on a type of win-win solution.  

6. Conclusions 

The LULC changes occurred during the last 44-year period have not had any substantial impact 
on the economic valuation of ES, but the expansion of pine and eucalyptus plantations have 
homogenized the territory with a subsequent loss of multifunctionality. However, results obtained 
from the biophysical value of ES suggest that the establishment of the biosphere reserve may have 
contributed successfully to its conservation goal, being the core area and the buffer zone the ones 
with the highest values. Likewise, the transition area, which was economically the most valued area, 
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fulfills its function of promoting sustainable economic activities that encourage the socioeconomic 
development of the local population. However, negative environmental externalities related to some 
intensive forestry practices, especially in pine and eucalyptus plantations, should be considered. The 
methodological approach developed in this study allows exploring the spatial interactions between 
biophysical and economic assessment of ES, which may be useful for decision-making and design 
and zoning of the biosphere reserve. In the UBR, this procedure followed allows us to identify that 
the zoning design of the reserve was performed based on its biophysical values. In fact, no high 
coincidences were found for the different zoning units of the reserve, which shows evident 
divergences between the economic and biophysical dimensions. Even so, the core area was the one 
that had the highest coincidences (medium values) between both ES assessments, which highlights 
its importance, not only in biophysical terms, but also economically. This method is especially 
appropriate for its application in social-ecological systems, such as the UBR, since it allows 
quantifying the interdependencies between biophysical and socioeconomic dimensions, which 
together with the socio-cultural one, are completely necessary to guarantee a sustainable 
management. Therefore, it is a useful tool for spatial planning and design of specific conservation 
policies for the sustainable development of the area, including the assessment of the effectiveness of 
protected areas. 

Supplementary Materials: The following are available online at www.mdpi.com/link, Table S1: Ecosystem 
services classification used and its equivalence with other classification systems, Table S2: Indicators used for 
the biophysical assessment of ecosystem services, Table S3: Monetary value coefficients in 2009 €/ha/yr 
estimated for each LULC category, valuation method and source of the data. 
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Appendix A 

Table A1. LULC categories identified in the study area with their EUNIS habitat type code and the most representative biomes [4] used as proxies. CR = Cropland, 
GR = Natural and semi-natural grassland, CO = Coastal system, NAT = Native forest, SC = Scrubland, PI = Pine and eucalyptus plantations, CC = Clear cuts, URB = 
Urban areas. 

LULC 
Category 

EUNIS Habitat Type Code  The Most 
Representative Biome 

Description 

CR FB.4, G1.D(X), I1.2 Cropland Croplands and orchards 

GR EI.26, E2.11, E2.13(Y), E2.21, E3.41, E5.6, H3.2, H5.6 Grasslands 
Temperate grasslands, tropical grasslands, boreal grasslands and 

mountainous grasslands 

CO 
A2.511, A2.627, A2.636, A2.63C, A2.651, A2.654, A2.658, B1.21, B1.31, 

B1.32, B1.42, B3.23, B3.31, F4.231, C2.4, C3.21 
Coastal systems 

Estuaries, sea-grass fields, shallow seas of continental shelves, rocky shores 
and beaches found in the terrestrial near-shore as well as the intertidal zones 

NAT 
F9.12(Y), F9.2(X), F9.2(Y), G1.21(Z), G1.62, G1.7B1, G1.86, G1.A1, G1.A1(X), 
G1.C(X), G1.C(Y), G1.C1, G1.C2, G2.121, G4.(Z), G4.F, G5.61, G5.72, G5.73 

Temperate forest 
Temperate deciduous forest, temperate broadleaf and mixed forest, temperate 

coniferous forest, temperate rainforest 

SC 
E5.31(X), E5.31(Y), F3.11(X), F3.11(Y), F3.15(X), F3.15(Y), F4.23(X), F5.21(Y), 

F7.44(Y), FA.1, FA.3, I2.3 
Woodlands 

Shrublands, scrublands, savannas and chaparral interleaved with one another 
in mosaic landscape patterns 

PI  
G1.C3, G2.81, G3.F(L), G3.F(M), G3.F(P), G3.F(Q), G3.F(S), G3.F(T), 

G3.F(U), G3.F(Y), G5.74, G5.81, G5.82 
/ Plantations of conifers (basically Pinus radiata) and eucalyptus species 

CC / / / 
URB E2.6, I2.1, I2.2, J1, J2, J3.2, J4.1, J4.2, J4.3, J4.5, J4.6, J4.7, J6 / / 
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Table A2. LULC changes and their evolution in time. (a) LULC changes in the UBR in 1965, 1983 and 
2009 expressed in ha and percentage; (b) Increment of the LULC changes (%) in the three time ranges 
studied. CR = Cropland, GR = Natural and semi-natural grassland, CO = Coastal system, NAT = 
Native forest, SC = Scrubland, PI = Pine and eucalyptus plantations, CC = Clear cuts, URB = Urban 
areas. 

(a)  
Years CR GR CO NAT SC PI CC URB 

1965 
6006.9 2378.5 902.8 3246.5 2013.9 7066.0 

(32.5%) 
0 

(0%) 
156.3 
(0.7%) (27.6%) (10.9%) (4.1%) (14.9%) (9.3%) 

1983 
4461.8 1527.8 902.8 2777.8 694.4 11,076.4 

(50.9%) 
104.2 
(0.5%) 

225.7 
(1.0%) (20.5%) (7.0%) (4.1%) (12.8%) (3.2%) 

2009 
1979.2 2881.9 885.4 3.194.4 538.2 11,649.3 

(53.5%) 
156.3 
(0.7%) 

486.1 
(2.2%) (9.1%) (13.2%) (4.1%) (14.7%) (2.5%) 

         

 
 

 

(b)         
Years CR GR CO NAT SC PI CC URB 

1965–1983 −25.7 −35.8 0 −14.4 −65.5 56.8 104.2 44.4 
1983–2009 −55.6 88.6 −1.9 15 −22.5 5.2 50 115.4 
1965–2009 −67.0 21.2 −1.9 −1.6 −73.3 64.9 156.3 211.0 

Note: Pixels in the maps correspond to the predominant LULC category. 
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