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a b s t r a c t
Semiarid areas host several hotspots of biodiversity, and provide vital ecosystem services. Afforestation has been extensively used to restore these areas. However, studies on the impact of afforestation
on the provision of ecosystem goods and services are scarce. We have evaluated changes in the provision of ecosystem services after afforestation in a semiarid area in southeastern Spanish. Through a
multi-criteria analysis, Pinus halepensis plantations were compared to four unrestored landscape units
(grasslands, Stipa tenacissima steppes, shrublands and abandoned agricultural ﬁelds), using six ecological
and socioeconomic criteria and fourteen indicators. The weights of criteria and indicators were obtained
from the opinion of 38 stakeholders. The values of each indicator per landscape unit were obtained from
empirical data and bibliographic sources. From the stakeholders’ perspective, regulating and supporting
services and biodiversity were more important than provisioning, cultural and economical services. Pine
plantations enhanced ecosystem services as hydrological and climatic regulation, and aesthetic value,
but decreased the provision of other services as forage productivity, water availability, and small and
big game habitat. Pine plantations provided the highest levels of ecosystem services. The multi-criteria
and participatory assessment allowed managers to check the overall impact of their decisions, and it
represents an efﬁcient tool for reciprocal learning and negotiation.
© 2014 Elsevier Ltd. All rights reserved.

1. Introduction
Drylands cover over 40% of the emerged land worldwide and are
inhabited by one third of the world’s population. They host several
hotspots of biodiversity and have historically provided key genetic
resources for human use (FAO, 1998). Desertiﬁcation represents a
serious threat to the provision of ecosystem services in these areas
and may compromise human well-being (Millennium Assessment
(MA), 2005; Reynolds et al., 2007). Ecological restoration plays a relevant role to combat desertiﬁcation by improving the provision of
goods and services, and enhancing livelihoods in degraded drylands
(Cortina et al., 2011).
In semiarid areas, forest plantation has been a common practice
to combat land degradation. Traditionally, plantations favoured the
establishment of one or a few species, and prioritized a small set
of ecosystem services, commonly hydrological control, soil protection and, albeit implicitly, the creation of working opportunities in
marginal areas (Ortuño, 1990). The suitability of forest plantation
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in semiarid areas has been widely discussed. Many authors have
studied the impact of pine plantations on soil fertility (Bastida et al.,
2007; Ruíz-Navarro et al., 2009), erosion (Chaparro, 1994; LópezBermúdez et al., 1998; Sánchez, 1997), water (Bellot et al., 1999;
Chirino, 2003) and ecological succession (Gómez-Aparicio et al.,
2009; Pausas et al., 2004). However, other impacts of forest plantations in semiarid areas have been barely addressed. For example,
our knowledge on the effect of forest plantations on biodiversity,
water and carbon cycles, and aesthetics is still scarce (Cortina et al.,
2011). Indeed, comprehensive studies of the impact of afforestation on the provision of ecosystem goods and services, and hence
on the enhancement of human well-being in semiarid areas, are
rare. However, we need to adopt a multidisciplinary approach using
ecological, technical, socioeconomic and cultural indicators to fully
evaluate the effect of forest plantations in semiarid areas (Alloza,
2003; Vallejo, 2009).
Multi-criteria analysis includes some of the most common support decision tools in environmental management (Kiker et al.,
2005; Mendoza and Martins, 2006), including forest planning
(Diaz-Balteiro and Romero, 2008). This set of tools is suitable
for objectively integrating a wide variety of ecosystem services,
taking into account expert judgement and stakeholders’ opinion.
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Participative evaluation of forest plantations allows taking into
account deep social demands and perspectives, and generates technical and social learning, by bringing up past experiences and
promoting knowledge exchange and dissemination.
Our objective in this study is to perform a comprehensive evaluation of changes in the provision of ecosystem services after
afforestation in a representative semiarid area. To achieve this
goal, we have compiled empirical information on the provision of
key ecosystem services in areas planted with Aleppo pine (Pinus
halepensis Miller) and unplanted areas in southeast Spain, and used
a participative approach and a multi-criteria analysis to compare
both situations. By doing so, we try to conciliate scientiﬁc ﬁndings
and social perception, in order to enhance our understanding of
the impacts of ecological restoration actions in semiarid areas and
improve future interventions.
2. Materials and methods
2.1. Study area
The study was carried out in Ventós area (38◦ 26 –38◦ 31 N;
W). This area of 1600 ha is located in Agost (Alicante,
southeast Spain), and it is highly threatened by desertiﬁcation
(MMA, 2009). It is characterized by a semiarid Mediterranean climate, with mean annual precipitation of 292 mm, mean annual
temperature of 18 ◦ C and mean annual potential evapotranspiration of 920 mm (Ramirez, 2006). Rainfall is torrential and may
generate surface runoff (Chirino, 2003) leading to a high risk of
ﬂooding (PATRICOVA, 2002).
Topography is rough, with slopes ranging from 25 to 35%. Soils
are developed from marls and limestone. They are shallow (average
depth 30 cm) and highly carbonated. Texture is loamy (34% silt,
46% sand and 20% clay). Organic carbon in the surface soil horizon
ranges from of 3.7 to 4.7%, and bulk density from of 1.0 to 1.3 g cm−3
(Bellot et al., 1999; Chirino, 2003; Ramirez, 2006).
Vegetation is mostly dominated by Alfa grass (Stipa tenacissima
L.) steppes, Aleppo pine (P. halepensis Miller) forests, dry grasslands
of Brachypodium retusum, and degraded shrublands with Quercus
coccifera, Pistacia lentiscus, Rhamnus lycioides and Erica multiﬂora
(Peña, 2001).
Aleppo pine has been planted in the area since 1945. The main
goal of early plantations was hydrological control, and they were
established by opening holes on the highest terraces of north facing slopes. More recent plantations, dating from 1995, have been
carried out by subsoiling on the lowest part of the catchment and
south facing slopes.
0◦ 36 –0◦ 43

2.2. Multi-criteria analysis
Our multi-criteria analysis is based on a data matrix which
crosses ﬁve alternative landscape types (hereafter landscape units),
and six criteria which are further divided into fourteen indicators. The ﬁve alternatives distinguish between a restored landscape
represented by pine plantations, and four unrestored landscapes
represented by shrublands, Alfa grass (S. tenacissima L.) steppes,
grasslands and abandoned agricultural ﬁelds (Fig. 1 and Table 1).
The six criteria correspond to four categories of ecosystem services
described by the MA (supporting, regulating, provisioning and cultural services), in addition to biodiversity and economic beneﬁts
(Table 2). The list of indicators was identiﬁed after consulting ten
experts on ecology, hydrology, soil science, forestry and sociology.
Data had three main sources: (i) ﬁeld sampling, (ii) a questionnaire distributed among stakeholders in the Ventós area, and (iii)
a bibliographic survey of previous studies carried out in Ventós
and similar semiarid areas. Plant species richness was evaluated by

Fig. 1. Main landscape units in Ventós area (Alicante, southeast Spain).

recording all perennial vascular plants present in four 20 m × 20 m
plots per landscape unit. Two cultural indicators (aesthetic value
and traditional value) were assessed on the basis of 55 interviews.
We used ﬁve pictures illustrating the fundamental biophysical
components and most relevant aspects of the ﬁve studied landscape
units (Appendix A). We selected homogenous pictures, reducing
the impact of external factors such as chromatic composition, light
conditions, brightness, depth, date and time of the day, to avoid bias
(Arriaza et al., 2004; Kaltenborn and Bjerke, 2002). The 55 interviewed stakeholders were asked to classify the pictures according
to both indicators. The value of 5 corresponded to the most beautiful/traditional landscape and the value of 1 to the least one. For
indicators on soil fertility, erosion control, climatic regulation (estimated by the phytovolume), forage productivity, small and big

Table 1
Area covered by the main landscape units identiﬁed in Ventós. Only the ﬁrst 5 were
included in the analysis.
Landscape unit
Pine plantations
Shrublands
Alfa steppes
Grasslands
Abandoned ﬁelds
Crops
Badlands
Urban
Total

Surface area (ha)

Surface area (%)

501
122
624
24
298
39
10
52

30
7
37
1
18
2
1
3

1671

100

58
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Table 2
Description of the 14 indicators of ecosystem services used in the study. RU: relative unit. N: number of species.
Criteria

Indicator

Measurement unit

Description

Supporting services

Organic soil carbon

%

Content of organic carbon in the A horizon (mean
depth: 24.0 ± 0.5 cm)

Regulating services

Erosion rate
Phytovolume

g m−2 year−1
m3 m−2

Sediment yield
Indirect estimation of air quality by vegetation volume
(m3 m−2 of surface)

Provisioning services

Total biomass
Forage productivity

kg ha−1
UF ha−1 year−1

Number of plants with alimentary and artisanal
interest
Number of aromatic and medicinal plants

%

Plant biomass accumulated
Quantity of forage available for herbivores. UF = unit of
forage = 1 kg of barley
Alfa ﬁbre, edible rhizomes and non-agricultural fruits

%

Water retention

%

Aesthetic value

RU

Traditional value

RU

Biodiversity

Speciﬁc richness
Number of rare and endangered plants
Small and big game preferences for habitats

N
N
UR

Total number of plant species
Plant species reported as rare and endangered
Based on the preferences of wild rabbit (Oryctolagus
cuniculus), hare (Lepus granatensis); red partridge
(Alectoris rufa), wood pigeon (Columba palumbus),
turtle dove (Streptopelia turtur), woodcock (Scolopax
rusticola), and thrush species (Turdus spp.) and boar
(Sus scrofa)

Economical beneﬁts

Employment

days ha−1 year−1

Number of work days generated by 1 ha of each
landscape unit

Cultural services

game, freshwater and employment, data were collected from 30
previous studies carried out in Ventós and other semiarid areas
of southeast Spain. In addition, ﬁve studies from semiarid areas
of Morocco and Tunisia were used to complete the database on
biomass provision (Appendix B).
Our multi-criteria analysis is presented as a multi-attribute
problem. Among the multi-attributes decisional methods
(Malczewski, 1999; Montserrat and Cano, 2005; Romero, 1996),
we applied a modiﬁed Analytic Hierarchical Process (AHP; Saaty,
1980). The multi-criteria analysis was performed using both
the PriEsT program (School of Computer Science, University of
Manchester, UK; www.sourceforge.net/projects/priority/ﬁles/)
and the DEFINITE 2.0 program (Institute for Environmental Studies, University, Amsterdam, Netherlands; www.ivm.vu.nl). The
ﬁve steps of the analysis are brieﬂy described as follows:
2.3. Structuring
The hierarchical structure of our analysis includes three levels
(Fig. 2). Following Ventós conditions, the ﬁrst level is represented
by four categories of ecosystem services, biodiversity and employment (hereafter considered as six ecosystem services; MA, 2005),
the second level by fourteen indicators, and the third level by ﬁve
landscape units. The global goal is to check the contribution of
each landscape unit to the provision of ecosystem services and the
enhancement of human well-being in the area.

Plants commonly used for aromatic and medicinal
purposes
Fraction of superﬁcial and subterranean water
available in the watershed which results from runoff,
deep drainage and soil water content
Value expressing social preference according to its
beauty
Value expressing social preference according to its
cultural relevance

2.5. Weighting
Weights of criteria and indicators were obtained through a participative process. We established a stakeholder platform formed
by 38 people directly and indirectly affected by landscape and natural resources management in the area (Table 3). The platform
enclosed a wide and representative sample of age, gender and education level (Appendix C). For the two higher levels, and in order
to facilitate stakeholders’ contributions, weights were obtained by
two different techniques: direct rating and pairwise comparisons.
Indeed, for the ﬁrst hierarchical level, a preliminary test of pairwise comparisons showed that the interviewees found difﬁculties
in comparing pairs of services, as each service encompasses a wide
array of complex elements. Furthermore, such exercise required
additional comparisons which made the questionnaire heavy and
annoying. For these reasons, we asked the 38 stakeholders to rate
the six services by assigning a value from 1 to 6 to each one, according to its importance in the enhancement of human well-being in
Table 3
Composition of the stakeholder platform established to evaluate ecosystem services
in Ventós (Alicante, southeast Spain).
Variable

Categories

Number of stakeholders

Subtotal

Researchers

Scientists, University
professors
Post-graduate students
Forest Administration
Local authority
Environmental Administration
Public and private farms
Neighbours
Environmental NGOs
Teachers (Local Secondary
School)
Hunters

8

Managers

2.4. Standardization
Data of the indicators of cultural services were standardized on
a scale of 0–1 by using the Goal method (Romero, 1996). For other
indicators, whose utility function requires deep scientiﬁc analysis,
data were standardized using the simple and direct method of the
Maximum.

Status
Others

Total

4
7
4
1
2
6
2
3

12

14

12

1
38
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Human well being in drylands

Criteria
(services)

Indicators

Supporting
services

Soil
Organic
Carbon

Regulating
services

Erosion
control

Provisioning
services

Biomass

Biodiversity

Plant
richness

Aesthetic
value

Forage
Phytovolume

Cultural
services

Alimentary
& artisanal
plants

Traditional
value

Economic
benefits

Employment

Rare &
Endangered
plants
Small & big
game

Aromatic
&
medicinal
plants
Water
retention

Alternatives
(landscape units)

Pine
plantation

Shrublands

Alfa steppe

Grasslands

Abandoned
fields

Fig. 2. Hierarchical scheme of the multi-criteria analysis showing the three levels: criteria, indicators and alternatives.

semiarid areas. The value of 1 corresponded to the least important service, and the value of 6 to the most important one. From
the assigned value, we deduced the weight of each service. For the
second level, we asked the 38 stakeholders to compare pairs of indicators within the same category of services, using values from 1 to 9
according to Saaty scale (Saaty, 1980). Preferences between the two
indicators in the pairwise comparisons were expressed as equally
preferred, weakly preferred, strongly preferred, very strongly preferred, or extremely preferred, corresponding to values of 1, 3, 5, 7
and 9, respectively. Pairwise comparisons within the provisioning
services and biodiversity corresponded to 5 × 5 and 3 × 3 reciprocal matrices, respectively. Cardinal inconsistency of these matrices
was calculated using the Consistence Ratio (CR) proposed by Saaty
(1980). As we could not ask stakeholders to revise their judgments,
inconsistent judgments within matrices with CR > 0.10 were computationally resolved using the PriEsT program (Siraj, 2011). The
individual relative preferences for each pair of indicators were
aggregated using the geometric mean to obtain the overall relative preferences for the 38 stakeholders (Forman and Peniwati,
1998). As our hierarchical structure contains an uneven number
of indicators by service (1–5), we constructed a 14 × 14 reciprocal
matrix where preferences were directly imported from the pairwise comparisons of indicators (intra-services), and indirectly from
the ratio between pairs of service weights (inter-services). Then
indicator weights were deduced by the eigenvalue method. For the
third level, we used quantitative and semi-quantitative measures
of each indicator in each landscape unit obtained from different
bibliographic sources described above.
2.6. Integrated evaluation
The integrated score of each landscape unit was obtained
by simple additive weighting of the standardized values of the
measures of the indicators in each landscape unit. Scores were

proportional to the contribution of each landscape unit the provision of ecosystem services.
2.7. Sensitivity analysis
Sensitivity analyses were employed to evaluate changes in the
provision of ecosystem services in each landscape unit resulting
from modiﬁcations in the weights of indicators and from possible
changes in the number of working days demanded by afforested
areas.
2.8. Statistics analysis
Differences between the ﬁve landscape units in terms of those
variables that were directly measured by us (number of aromatic
and medicinal plants, aesthetic value, traditional value, speciﬁc
richness and number of rare and endangered plants), and between
the six ecosystem services, according to stakeholder opinions, were
tested by using ANOVA with one ﬁxed factor and ﬁve and six levels, respectively, followed by Tukey HSD tests for post hoc pairwise
comparisons. Statistical analyses were performed using SPSS 13.0
package (SPSS Inc., Chicago, USA).
3. Results
3.1. Biodiversity and the provision of goods and services
Soil organic carbon (SOC) in the soil surface ranged from 1.4
to 3.0% (Table 4). Pine plantations presented intermediate SOC
values in comparison with other of landscape units in the area.
Afforestation enhanced regulating services. For hydrological regulation, pine plantations, shrublands and grasslands showed very
low erosion rates (<1 g m−2 year−1 ). Alfa steppes and abandoned
ﬁelds showed the highest erosion rates, 72 and 297 times higher
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Table 4
Evaluation matrix showing the value of each indicator in each landscape unit. Standard error is shown when available. One-way ANOVA was applied for ﬁve of the indicators
measured in this study: number of medicinal and medicinal plants, aesthetic value, traditional value, speciﬁc richness and number of rare and endangered plants. Different
exponent letters correspondent to signiﬁcant differences for these variables (Tukey HSD test, p < 0.05).
Indicators

Measurement unit

Landscape unit
Pine plantations

Shrublands

Alfa steppes

Grasslands

Abandoned ﬁelds

Organic soil carbon

%

2.0 ± 0.6

1.4 ± 0.5

1.8 ± 0.2

3.0 ± 0.4

1.4 ± 0.2

Erosion rate
Phytovolume

g m−2 year−1
m3 m−2

0.6
4.8

0.2
0.4

42.9
0.2

1.1
0.1

178.0
0.4

Total biomass
Forage productivity
Number of plants with alimentary and artisanal interest
Number of aromatic and medicinal plants
Water retention

kg ha−1
UF ha−1 year−1
N
N
%

9473
144
1
10.0a ± 0.7
11

1018
254
1
6.0a ± 2.2
11

808
90
2
6.0b ± 0.0
32

749
278
1
8.0a ± 1.0
18

892
267
1
8.0a ± 0.7
9

Aesthetic value
Traditional value

RU
RU

4.1a ± 0.1
3.2 ± 0.2

3.2b ± 0.1
2.9 ± 0.2

2.8b ± 0.1
3.0 ± 0.2

3.2b ± 0.2
2.8 ± 0.2

1.7c ± 0.1
3.1 ± 0.2

Speciﬁc richness
Number of rare and endangered plants
Small and big game preferences for habitats

N
N
UR

29.0 ± 1.7
3.0 ± 0.4
+

19.0 ± 4.3
2.0 ± 0.3
+++

23.0 ± 2.4
3.0 ± 1.0
++

25.0 ± 2.0
4.0 ± 0.3
++

28.0 ± 0.3
3.0 ± 0.9
++

Employment

days ha−1 year−1

0.7

0.0

0.0

0.0

0.0

stakeholders, landscape aesthetics were of lesser importance than
their link to traditional values as indicators of cultural services.
For biodiversity, stakeholders expressed more interest in rare and
endangered plants than in species richness as a whole, or the presence of small and big game. By considering their ﬁnal weights, the
ﬁve most important indicators among the fourteen assessed were
(i) water retention, (ii) erosion control, (iii) number of rare and
endangered plants, (iv) speciﬁc richness, and (v) organic soil carbon.
3.3. Integrated evaluation and sensitivity analyses
The integrated scores, resulting from the combination of empirical data and stakeholder opinions, showed that afforestation had
the highest integrated level of ecosystem services. Grasslands, Alfa
steppes and shrublands showed intermediate levels, and abandoned ﬁelds provided the lowest levels (Fig. 4). Classiﬁcation was
sensitive to changes in indicator weights. As shown in the examples
presented (Appendix D), if SOC weight would increase from 0.08 to
0.26, grasslands would be the most valued landscape unit. Similarly,
if a weight of 0.27 or higher had been assigned to water retention,
0,40

F5,38 = 12.081; p<0.0001

0,35
0,30
0,25

Weights

than observed under pines, respectively. For climatic regulation,
while pine plantation phytovolume was 4.85 m3 m−2 , other landscapes units showed mean values below 0.5 m3 m−2 , thus 12–54
times lower than pine plantations.
Total biomass was enhanced by afforestation. With a mean value
of 9473 kg ha−1 , biomass was substantially higher in pine plantations than in other landscape units. The number of aromatic and
medicinal plants in the whole area ranged from 6 to 10. The number of these plants in pine plantations was slightly higher than in
Alfa steppes, and similar to those in other three landscape units. All
landscape units contained one plant species with alimentary and
handicraft interest, excepting Alfa steppes which contained two
species. Forage production in pine plantations was slightly higher
than in Alfa steppes but lower than in shrublands and grasslands.
Afforestations retained small amounts of water (11%), i.e., three
times lower than Alfa steppes.
From a cultural perspective, pine plantations obtained the highest aesthetic score, largely higher than abandoned ﬁelds. However,
afforestations did not signiﬁcantly differ from other landscape units
in terms of traditional value, as the score obtained by all units for
this indicator was approximately 3. From an economic perspective,
afforestation was the only alternative to generate employment,
with a mean demand of 0.7 labour days ha−1 year−1 .
Plant species richness in pine plantations showed a mean value
of 29 species, which was similar to the richness found in other landscape units. We found no signiﬁcant differences in the number of
endangered and rare plants in the ﬁve landscape units, as it ranged
from 2 to 4. In comparison with other landscape units, especially
with shrublands, afforestation had a negative impact on habitat
preferences in small and big game.

0,20

3.2. Social perception

0,15

Ecosystem services were arranged in two sets of disparate
importance. According to the opinion of the 38 stakeholders, regulating and supporting services and biodiversity were signiﬁcantly
more important than provisioning, cultural and economical services (Fig. 3). Many indicators of ecosystem services were clearly
more important than others of the same category (Table 5). Thus,
erosion control was more important than climate regulation (phytovolume). Freshwater availability was consistently considered the
most important provisioning service, whereas biomass productivity was the least important. Indeed, freshwater availability was
seven times more important than biomass productivity. To most

0,10

a

a

a
b

b
b

0,05
0,00
Regulang

Biodiversity Supporng Provisioning

Culture

Economy

Ecosystem services
Fig. 3. Weights of the different categories of ecosystem services as estimated by
stakeholders in Ventós (southeast Spain). Bars are means and standard errors.
Results of a one-way ANOVA are shown. Bars with different letters indicate signiﬁcant differences (Tukey HSD test, p < 0.05).
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Table 5
Partial and global weights of the indicators, resulting from pairwise comparisons within ecosystem services and overall aggregation, respectively.
Category

Indicators

Partial weight

Global weight

Supporting

Organic soil carbon

1.000

0.077

Regulating

Erosion rate
Phytovolume

0.696
0.304

0.088
0.075

Provisioning

Total biomass
Forage productivity
Number of plants with alimentary and artisanal interest
Number of aromatic and medicinal plants
Water retention

0.074
0.112
0.128
0.180
0.506

0.048
0.055
0.059
0.066
0.120

Culture

Aesthetic value
Traditional value

0.288
0.712

0.056
0.065

Biodiversity

Speciﬁc richness
Number of rare and endangered plants
Small and big game preferences for habitats

0.346
0.456
0.198

0.081
0.088
0.072

Economy

Employment

1.000

0.050

Alfa steppes would be the most valued unit. On the contrary, if a
higher weight had been assigned to employment, the integrated
score of afforestation would increase, and that of the other landscape units would decrease. It is worth noting that abandoned ﬁelds
frequently showed the lowest integrated values.
4. Discussion
Afforestation enhanced the provision of several ecosystem services, but not all. Site preparation techniques that did not harm
extant vegetation and did not preclude further colonization, and
poor pine growth probably contributed to the neutral and positive
effect of Aleppo pine on some services.
4.1. Supporting services
Colonization by woody vegetation has contrasting effects on
SOC content, depending on average precipitation (Knapp et al.,
2002). Considering average precipitation in Ventós, changes in SOC
were similar to those described in Knapp et al. (2002). Higher
content of SOC under Aleppo pine compared to unplanted areas
has been reported in other studies. For example, in arid southern
Tunisia, open areas in Alfa steppes showed lower SOC content than
areas covered by 10-year-old Aleppo pine (Jeddi et al., 2009). In
Ventós, Chirino (2003) observed that SOC content in pine plantations was higher than in Alfa steppes, but similar to that in

0,80

Integrated score

0,70
0,60
0,50
0,40
0,30
0,20

shrublands and grasslands. However, there are exceptions to this,
as Ruíz-Navarro et al. (2009) found no signiﬁcant effect of Aleppo
pine on SOC. It is important to note that the database that we used
was built up after a comprehensive review covering a wide range of
soil proﬁles in the semiarid area of the Iberian Peninsula (Romanyà
et al., 2007), and thus, it may provide an accurate estimation of the
average impact of pine plantations on SOC content.
4.2. Regulating services
We found low rates of soil erosion under pine. This is in contrast with other studies in southeast Spain. Thus, Chaparro (1994)
observed a decrease in hillslope stability and an increase in sediment yield in terraces planted with Aleppo pine in Murcia. Sánchez
(1997) found that afforestation promoted short term erosion,
independently of the site preparation technique used. When site
preparation is not aggressive, soil protection may strongly depend
on the management of shrubs and herbaceous vegetation. When
these strata are not removed during planting, they contribute to soil
protection. Conversely, when site preparation is intense and shrubs
and herbaceous vegetation are cleared, plantation may have negative effects on soil protection. In Ventós, site preparation by digging
planting holes and subsoiling, and disturbance of extant vegetation was low, and the increase in plant and litter cover provided by
Aleppo pine probably compensated their deleterious effects.
Vegetation volume was substantially higher in pine plantations
than in the other landscape units. This led to reductions in albedo,
in the amount of radiation reaching the surface soil, and in soil surface temperature (García et al., 2005; Van Dijk and Keenan, 2007;
Vertessy, 2000). In addition, trees increased the proportion of intercepted and transpired water (Calder, 2007). Taking these effects
together, the increase in vegetation volume by afforestation probably enlarged land capacity for climate regulation (MA, 2005). In
addition, it must be noted that phytomass accumulation and the
presence of trees increase stand capacity to reduce the effects of air
pollution (Beckett et al., 1998; Freer-Smith et al., 1997; McDonald
et al., 2007).
4.3. Provisioning services

0,10
0,00

Pine
plantaons

Grasslands Alfa steppes Shrublands Abandoned
ﬁelds

Landscape units
Fig. 4. Results of the integrated and participative evaluation of the landscape units
found in Ventós (southeast Spain).

In comparison with unrestored semiarid landscape units,
afforestation increased biomass stock. However, biomass values
were low, and much lower than reported in other Mediterranean communities under dry subhumid and humid conditions.
As an example, average biomass of natural and planted Aleppo
pine stands in the semiarid part of the province of Alicante
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(southeast Spain) is 2715 kg ha−1 (IFN3, 2007), which is sixfold
smaller than average biomass accumulation values for the whole
province, including dry subhumid areas. In addition to climate
constrains, it is worth noting that soils in this area are often
nutrient-depleted and shallow (Cortina and Maestre, 2005). These
results clearly show why semiarid pine plantations play a minor
role in wood production in this region.
Afforestation had a weak effect on forage production. In semiarid areas, forage production is commonly associated with open
areas, covered by shrublands and grasslands, rather than to forest
plantations (Le Houérou, 1981; Robles et al., 2001). The decrease
in forage supply after afforestation has been described in some
studies (Alrababah, 2007; Papanastasis, 1982), but not in others (Jeddi et al., 2009). Disagreement may be a consequence of
differences in climatic conditions, phenology, soil properties, previous land use, plantation age and density, and observation scale
(Braziotis and Papanastasis, 1995; Papanastasis, 2009; Weigandt
et al., 2011).
The signiﬁcance of pine plantations for the production of artisanal ﬁbre was low compared to Alfa grass steppes. Until the second
half of the XXth century, Alfa grass was harvested to produce
paper paste, ropes, baskets, ﬁshing nets and other crafts (Fernández
Palazón, 1974). Revalorization of traditional uses of Alfa grass
would be a suitable option to enhance the socioeconomic condition
of these semiarid areas (De la Cruz et al., 2010). This is particularly
true in the Southern Mediterranean sub-region, where non-timber
forest products are a relevant primary resource for the subsistence
of local economies (Palahí et al., 2009). Thus, in eastern Morocco,
the government has recently assisted several cooperatives in 67 villages covering an area of 650,000 ha to restore the traditional use
of Alfa and create work opportunities for poor people (DREFLCD-O,
2010).
Semiarid areas host an important number of aromatic and
medicinal plants, particularly in steppes and natural forests
(UNESCO, 1960). These plants are diverse and thrive on a wide
variety of habitats (Marshall, 2011). Our study showed that aromatic and medicinal plants are found in the understorey of pine
plantations of the Ventós area. This result is in agreement with
studies in China and New Zealand showing that many aromatic
and medicinal plants can be successfully grown under pines (Rao
et al., 2004), but is in contrast with studies showing a decrease
in understorey cover when pines grow (Padilla, 1998; Chirino
et al., 2006). As previously mentioned, mild site preparation and
slow pine growth probably favoured the persistence of understorey plants in Ventós and thus of aromatic and medicinal
species.
Pine canopies intercept rainfall and return substantial amounts
of water to the atmosphere by transpiration, leading to a reduction in soil water content and deep seepage (Boulet et al., 1997;
Pilgrim et al., 1982; White et al., 2001). Reductions in water availability by afforestation have been reported worldwide (Brown et al.,
2005; Calder, 2007; Van Dijk and Keenan, 2007; Vertessy, 2000).
This reduction can be crucial in semiarid areas, and may compromise colonization by other species (Maestre et al., 2003), and the
success of ecological restoration (Bellot et al., 1999; Chirino, 2003).
Deep seepage is needed to reﬁll underground aquifers (Jacobus and
Simmers, 2001; Rushton, 1988), which in Ventós have been overpumped in the last decades for crop irrigation and domestic use
(Abdelli, 1998; Andreu et al., 2002). In this area, with an extraction
rate of 0.3 Mm3 year−1 , the water table dropped 30 m between 1979
and 2007 (Andreu et al., 2011), which emphasizes the importance of
plant cover type and land planning for water management (Bellot
et al., 2001). This point is particularly important, as most people
in the area and other semiarid areas believe that forest plantations increase water availability for human use (Andreassian, 2004;
Calder, 2007).

4.4. Cultural services
According to Ventós stakeholder preferences, afforestation
increased landscape aesthetic value compared to unrestored
landscape units. This ﬁnding is in agreement with studies in
Australia and the United Kingdom, showing that forest plantations are aesthetically better appreciated by the public than other
landscape types (Ribe, 1989). However, our results disagree with
those of Muñoz-Pedreros and Larrain (2002) who reported that
Pinus radiata plantations were less attractive to local populations
of southern Chile than native forests and shrublands. The aesthetic valuation of landscapes depends on their visual features, but
also on silvicultural traits as tree species, stand density and forest
management (Brown and Daniel, 1984; Ribe, 1989), and respondent characteristics as age, attitude, previous experience, education
level and socio-professional status (Bernáldez and Gallardo, 1989;
De la Fuente de Val et al., 2006; Kaltenborn and Bjerke, 2002). Thus,
results can hardly be extrapolated from one area to another.
The similarity in traditional value between the ﬁve landscape
units is probably the result of the lack of speciﬁc traditional land
uses that may capture stakeholder attention. This indicator would
thus gain importance if the area was larger or contained outstanding cultural landmarks. It is important to note that the concept
of relevance for traditional culture was less easily understood by
stakeholders than that of aesthetic value.

4.5. Biodiversity
Plant richness was relatively high under pines compared to
other landscape units. Similar results have been reported in
nearby areas (Peña, 2001; Rigual, 1984). In contrast, other authors
found decreases in plant richness after Aleppo pine afforestation
(Alrababah, 2007; Gómez-Aparicio et al., 2009). Pine plantations
may have a deleterious impact on plant cover and diversity because
of the removal of shrub and herbaceous layers during planting
works (Pastor, 1995), but also as a consequence of direct and
indirect negative interactions between pines and neighbouring
vegetation (Chirino et al., 2006; Hartley, 2002; Maestre et al., 2003;
Padilla, 1998). Causal factors for the decline in species richness can
be various, including competition for light and water, and indirect
competition (Gómez-Aparicio et al., 2009; Maestre et al., 2004).
In addition, interaction between pines and understorey vegetation
is dynamic, the outcomes depending on environmental conditions
(Maestre et al., 2003). Thus, complexity in the interaction between
pines and understorey species may explain why effects of pine
plantations on species richness reported in the literature are highly
idiosyncratic.
The number of endangered and rare plants was not related
to species richness, and was similar in the ﬁve landscape units
studied. The distribution of these species depends on many factors as climate, altitude, topography, lithology, level of isolation
and anthropic disturbance (Laguna et al., 1998). Studies on the
effects of native forest plantations on endangered and rare plants
are scarce (Carnus et al., 2006), but the spatial scale of the study
and the afforestation was probably too small to elicit any signiﬁcant
response in this variable.
Afforested areas showed low suitability for wildlife. With the
exception of wild boar and woodpigeon, afforestation offers less
food and refuge to small game as wild rabbit, hare, red partridge and
woodcock than other landscape units (Belda et al., 2011). The same
conclusion has been drawn in other bioclimatic contexts. For example, Palomares et al. (2001) reported that in Doñana National Park
(southern Spain), wild rabbit abundance was 15–20 times lower in
pine plantations than in nearby shrublands.
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4.6. Economic beneﬁts
Afforestation was the only unit offering work opportunities. For
this reason it received a standardized value of 1, compared to the 0
scored by other landscape units. This difference did not affect the
ﬁnal classiﬁcation of landscape units, as results of the sensitivity
analysis showed (Appendix E). Despite the relatively high standardized value, afforestation does not substantially contribute to
generate employment in this area. Indeed, in semiarid areas, pine
productivity is low, pine plantations are hardly proﬁtable, and they
generate few working opportunities. In addition, labour demand
for managing pine forests has been largely reduced over time, especially after the conclusion of the General Spanish Afforestation Plan
1939–1986 (Ortuño, 1990; Pastor, 1995). In these areas, forestry
offers less working opportunities than other economic sectors. For
example, in the Province of Alicante (southeast Spain), the number
of labour-days demanded by forest planting and maintenance is
50 and 65 times lower than the demands for rainfed and irrigated
farming, respectively (Spanish Agricultural Census, 2009).
4.7. Integrated evaluation
Our overview of the role of pine afforestations in enhancing the
provision of ecosystem services in semiarid areas emphasizes the
complexity of management decisions, and the need to account for
society needs and aspirations. Decisions can be more transparent
by considering the opinion of large sectors of the society. According to our study, regulating and supporting services where the most
valued ecosystem services, together with biodiversity. Conversely,
stakeholders considered that semiarid areas could not provide a
high level of provisioning, cultural and economic services. Stakeholders were particularly concerned with biophysical problems
(drought, storms, poor soils, low plant cover), and their negative
consequences (water scarcity, ﬂoods, soil degradation and erosion,
threats to ﬂora and fauna). Concerns were also reﬂected in the high
relative weights assigned to indicators of water availability, erosion, endangered and rare plants, speciﬁc richness, and soil fertility.
The role of pine plantations in hydrological regulation seems to be
widely accepted. A valuation study of P. radiata D. on plantations
in New Zealand reported that stakeholders considered that erosion
control and water regulation ensured by these plantations were
more relevant than other environmental services as biodiversity,
climate regulation and nutrient cycling (Rivas Palma, 2008). The
same study showed, however, that employment was more relevant than other services like recreation, and aesthetic and cultural
values. Disagreement with our results reﬂects contrasts in labour
demand and economical beneﬁts.
The combination of empirical data and stakeholder opinions
showed that pine forests provided a high level of ecosystem services. This was a result of the strong contribution of this landscape
unit to the enhancement of ecosystem services that were highly
valued by stakeholders (e.g., services related to soil fertility and
erosion control). However, Aleppo pine plantations had a negative
effect on one of the most valued services: water retention. Thus,
we should be careful in recommending this landscape unit as the
sole restoration target. In our multi-criteria analysis, we did not
attempt to rank landscape units in terms of good or bad, but to
obtain a comprehensive picture of the services provided by the different landscape units, and society needs and aspirations, to be used
as tools for management.
Our approach has various advantages. (1) It is based on ecosystem services, that is, on values that can be easily understood
by most stakeholders. (2) It integrates biophysical and socioeconomic dimensions. (3) It allows integrating data from different
sources, taking advantage of previous studies and already available databases. (4) It is participative, and reﬂects the perspectives
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of most relevant stakeholders. (5) It allows simulation of future
scenarios, within the range of landscape units considered in the
study. (6) It can be an efﬁcient tool for reciprocal learning, i.e.,
to help exchange information on restoration programmes, services provided by the different landscape units, trade-offs between
ecosystem services, and society valuation of ecosystem services and
landscape units or management alternatives.
However, our participatory and integrated evaluation has some
limitations that recommend a ﬂexible use of ﬁnal rankings. (1) The
indicators used in this study belong to the list of indicators recommended by MA for drylands (MA, 2005). They were selected
by experts, but stakeholders had no chance to incorporate further
indicators. Our approach should be improved to allow stakeholders
to participate in this phase of the evaluation. (2) The imbalanced
structure of the hierarchy slightly affected the weighting process.
The adoption of a more homogenous hierarchical structure would
increase the consistency of the analysis. (3) Biodiversity was measured using a taxonomic group, vascular plants. They are of key
importance, as they provide resources for many taxa. However,
their abundance may not necessarily covariate with that of other
taxonomic groups. (4) Our approach is designed to work at a local
scale (i.e., landscape units), whereas management decisions should
take into account the landscape scale and higher. Thus, heterogeneity in landscape units remains a desirable feature, despite that some
landscape units as pine plantations and grasslands provided higher
levels of ecosystem services. Similarly, stakeholders probably had
local scales in mind when answering the questionnaire, and they
would likely disagree if favoured landscape types would be extensively established in Ventós. (5) The cost of establishing different
landscape units was not explicitly addressed, whereas this would
be a key point when selecting a particular unit. (6) The study was
retrospective, and thus it may only be applicable when biophysical and socio-economic conditions are maintained. This is clearly
not the case as climate and social values are constantly changing.
Under this framework, the incorporation of new landscape units
(with unknown capacity to provide ecosystem services) is not possible, and adaptive management is hampered. (7) Our approach
requires deep knowledge of available landscape alternatives and
the ecosystem services attached to them. This information is not
always available, and extrapolation from similar areas is frequently
needed. (8) The model cannot deal with uncertainties, and thus it
provides false precise evaluation of landscape units. (9) The composition of the stakeholder platform may strongly affect the outcome
of the evaluation. In our case, despite differences in education level,
degree of attachment and else, stakeholders provided quite consistent weights. Indeed, in a separate study involving meetings with
local stakeholders from Ventós, they showed a high degree of coincidence in their responses, and low levels of conﬂict (J. Cortina, pers.
obs.). Still some social sectors may not be well represented in the
stakeholder platform, particularly urban citizens, who can collectively inﬂuence policy making and management, but have no direct
attachment to this land.

5. Conclusion
Our multi-criteria and participative assessment allowed the
evaluation of ecosystem services provided by landscape units in
the Ventós Region. Pine plantations provided the highest provision
of ecosystem services. These results are consistent between stakeholder groups and sensitive to indicator weights. Our approach can
be used in other semiarid areas, under the fore-mentioned methodological limitations, to predict potential impacts of landscape
management strategies on the provision of ecosystem services and
the well-being of local populations.
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Appendix A. Studied landscape units in Ventós. (A)
abandoned agricultural ﬁelds; (B) shrublands; (C)
grasslands; (D) Alfa grass steppes; and (E) pine plantations.
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Appendix B. Bibliographic sources of data to estimate the
provision of ecosystem services per landscape unit.
Indicator

Source of data

Organic soil carbon
Erosion rate
Phytovolume

Chirino (2003) and Romanyà et al. (2007)
Martínez-Mena et al. (2008), Quine et al. (1994), Serrato et al. (1998), and Vallejo and Bellot (2010)
Bonet and Pausas (2004), Cerdà (1997a), Cerdà (1997b), García Mayor (2008), IFN3 (2007),
Lesschen et al. (2008), López-Bermúdez et al. (1998), Maestre and Cortina (2004),
Martínez-Fernández et al. (1995), and Peña (2001)

Total biomass
Forage productivity
Water retention

Aidoud (1995), Moroccan Eastern Direction of Forest (DREFLCD-O, 2010; DREFLCD-NE, 2010),
Robles et al. (2001), Tunisian Forest and Pastoral Inventories IFN1 (1995)
Robles et al. (2001) and Robles and González- Rebollar (2006)
Bellot et al. (1999), Chirino (2003), and Ramirez (2006)

Small and big game preferences for habitats

Belda et al. (2011), Peiró et al. (1992), Virgós et al. (2003), and Willott et al. (2000)

Employment

Environmental Service of Alicante (Generalitat Valenciana). Internal report

Appendix C. Summary of age, gender and studies level of the 38 stakeholders participating in the integrated evaluation.
Characteristic

Category

Value

Age
(years)

Minimum
Maximum
Average

29
64
46

Gender
(%)

Men
Women

87
13

Studies
level
(%)

Primary
Secondary
University
Post-university

3
13
39
45
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Appendix D. Changes in the integrated values of the landscape units with changes in the weights of (a) soil organic carbon (b)
water supply and (c) employment.
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Appendix E. Changes in the integrated values of the landscape units with changes in the value of employment.
1,0
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0,9

Shrublands
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