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A B S T R A C T   

Because forests provide a myriad of essential services to society, sustainable forest management that considers 
and promotes the multifunctional role of forests is of key importance. Understanding how forests have been and 
are being managed is essential to learn how current forest landscapes have been shaped and how management 
could be improved to better address all societal needs. Spain makes for an interesting case study due to its 
dramatic expansion in forest cover over the last 150 years following ambitious national reforestation and 
afforestation initiatives, as well as for its diversity of forest ecosystems and management approaches. However, a 
national-level assessment of such a development is currently missing. Therefore, our objective was to document 
and analyse the development of forest management practices in Spain since the mid-20th century. We developed 
narratives to describe the trends in 11 indicators of forest management decision-making and practices. Results 
show that while some decisions have evolved towards promoting multifunctionality (e.g., soil cultivation), others 
have intensified to maximize production at the expense of other ecosystem services (e.g., naturalness of tree 
species) and others have not changed much during the past 80 years (e.g., type of regeneration). The analysis also 
showed that some of the indicators have been conditioned by technological innovations (e.g., machine operation) 
and by the development of certain policies and legislation (e.g., the application of chemical agents). Based on 
these trends, we identified the main challenges that forest management in general, and in Spain in particular, 
may face as well as some decisions that may have to be reconsidered (cutting regime, tree maturity, naturalness 
of tree species) if the country wants to transition towards alternative silvicultural approaches that promote 
multifunctionality. In addition, a transition towards mixed-species, uneven-aged forests alongside with genetic 
improvement of tree species would also facilitate rising to one of the main challenges that forest management 
faces: to develop a climate-smart forestry that contributes to the mitigation of and adaptation to global change.   

1. Introduction 

Forest ecosystems provide multiple services that societies enjoy and 
depend upon, including provisioning services (e.g., wood and non-wood 
forest products), regulating services (e.g., water purification and carbon 
sequestration), and cultural services (e.g., recreation opportunities and 
spiritual values) (MEA 2005). Furthermore, forests are key to tackle 
some of the major challenges humanity faces, such as climate change 
(UNFCCC 2015) and the biodiversity crisis (UNEP 2010). Forest man
agement, understood as the application of a set of techniques based on 

scientific knowledge, plays a key role in the supply of these benefits 
(Hernández-Morcillo et al. 2022). This is because management impacts 
forest composition and structure, which in turn determine the capacity 
of forests to deliver ecosystem services (Felipe-Lucia et al. 2018, 
Schwaiger et al. 2019, Mayer et al. 2020). To ensure the continued 
provision of these services, forest management needs to pay attention to 
the different functions of forests beyond the traditional focus on timber 
provision, and therefore, multifunctional management is gaining mo
mentum in both the scientific literature (Borrass et al. 2017, Martynova 
et al. 2020) and policy (EC 2013). 
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To ensure that this multifunctionality of forests is taken into 
consideration and incorporated into management practices, first it is 
important to have a good understanding of how forests are currently 
managed. Understanding how and why the major decisions in forest 
management have evolved will help to anticipate and evaluate whether 
forest management will rise to challenges such as climate change, the 
biodiversity crisis and divergent societal demands. Although indicators 
on sustainable forest management have been defined and agreed upon at 
the European level (e.g., Forest Europe 2020), they tend to represent the 
effects of forest management (e.g., forest area, structure, damage) rather 
than the management practices and decisions themselves (e.g., machine 
operation, choice of forest reproductive materials, types of cutting re
gimes) that lead to such effects. Hence, how different countries manage 
their forests in practice is generally poorly documented. Considering 
how important such management decisions are for the delivery of forest 
ecosystem services (Sing et al. 2017, Felipe-Lucia et al. 2018), it is 
crucial to fill this knowledge gap. 

Spain is one of those countries in which the role of different forest 
management practices in landscape modelling and the development of 
such practices have not been studied in depth at the national level. 
Previous studies have addressed the topic from other disciplines and 
perspectives (Mendoza & Olmo 1992, Mendoza & Olmo 2006) focusing 
on selected regions and without providing a broader, national perspec
tive (Cervera et al. 2015), or have described the development of the 
result of forest management in terms of changes to the vegetation and 
landscape in mountainous regions (Serrat & Segura 2003, Antón 2011, 
Gutiérrez-Hernández et al. 2016). In contrast, the development of 
forestry practices driving these landscape changes have not been suffi
ciently studied despite being essential for understanding them. 

Spain is a particularly interesting country to study the development 
and implications of forestry practices, which makes it relevant to an 
international audience for several reasons. First, Spain stands out within 
Europe for its great diversity of habitats and forest ecosystems due to its 
pronounced orography, the presence of four terrestrial biogeographical 
regions (Mediterranean, Atlantic, Alpine, Macaronesian), the socio- 
ecological history of the territory as well as the frontier position of 
Spain with the African continent (Blanco et al. 1997, Rivas-Martinez 
et al. 2014, IEPBN 2021). Such forest ecosystem diversity has resulted 
in the development of a wide variety of forest management goals and 
practices representative of several of those found across Europe. Sec
ondly, although the changes in land use observed in Spain coincide with 
archetypical patterns and trajectories found across Europe (Levers et al. 
2018), the Spanish case is quite unique due to the sharp increase in 
forest cover experienced in the last 150 years: from 12.5 % of forest area 
in the mid-19th century (Armenteras 1903) to over 50 % of forest area 
covering the country nowadays (Álvarez-González et al. 2014). This was 
partly accomplished due to the development of a national-level policy 
for large-scale reforestation and afforestation, which resulted in 5.6 
million hectares of new forests being established in Spain between 1940 
and 2006 (Vadell et al. 2016). Therefore, Spain makes for an interesting 
case study in terms of forest management and reforestation initiatives. 

There is a plethora of valuable information that could help inform 
current and future forest management within and beyond Spain. How
ever, this information is scattered across various sources of information, 
and unless properly collated and reported, the opportunity to learn from 
past experiences to better understand where forest management stands 
and where it is headed could be lost. Therefore, the objective of this 
study was to document and analyse the development of forest man
agement decisions in Spain since the mid-20th century. This information 
enables a better understanding of how forest management has shaped 
the current landscape in Spain as well as how management could be 
improved to better address all societal needs towards forests. 

2. Materials and methods 

2.1. Study area and historical context 

The development of forest management in Spain has been closely 
related to societal and economic changes. Therefore, this section will 
briefly describe the main changes to contextualize and better understand 
the results presented in this article. 

Forest management in Spain began in 1846 with the creation of the 
first school of forestry. Up until then, forests were used and harvested 
based on traditional knowledge and experience that were transmitted 
from one generation to the next. Like elsewhere in Europe, there were no 
forestry organisations and professionals yet, and the regulations 
regarding the use of forest resources were created by local communities 
with a rather local scope (Tasen 2018). Prior to the industrial develop
ment in the 1940s, crop and livestock farming was the main economic 
activity, and forests were limited to remnant areas where this and other 
activities were not viable. But the urgent need to halt the process of 
forest degradation that was occurring due to overgrazing, forest clearing 
for agriculture and fires prompted the creation of several forest man
agement administrations and policies between 1850 and 1950 (Montero 
2018). Several attempts to integrate reforestation into national-level 
forest planning were made, as for instance the proposals of national 
reforestation plans of 1911, 1926, 1933 and 1938 (Vadell et al. 2016). 
These national initiatives aimed to reforest the main basins in the 
country to address the devastating floods that the country was experi
encing as a result of the alarming decrease in vegetation cover. 

However, it was not until the second half of the 20th century that 
forest regeneration efforts in Spain intensified with the creation of a 
national-level policy on large-scale reforestation and afforestation dur
ing Franco’s dictatorship (i.e., the period 1939–1975) (Vadell et al., 
2016). The National Reforestation Plan of 1938, which concurred with 
the rural exodus triggered by industrialization, aimed to mitigate the 
impacts (erosion, floods) of deforestation and forest degradation, to 
meet the growing demand for timber and energy from emerging in
dustries as well as to boost the economy and tackle the high unem
ployment rate of rural areas. As a result, 5.6 million hectares of new 
forests were established between 1940 and 2006 in Spain (Vadell et al. 
2016). Hence, forest management became a cornerstone to ensure a 
stable wood production for the industry sector. The emergence of new 
materials and fuels and the opening to foreign markets during the sec
ond half of the 20th century, however, changed the demand for national 
wood products (Zavala et al. 2008). Over the last few decades, forest 
management has evolved to adapt to this changing demand, but also to 
incorporate the modernization of the forestry sector and to consider the 
new societal demands from forests such as biodiversity conservation, 
recreation and climate change mitigation. 

2.2. Data collection and analysis 

The methodological approach of narratives has been used to present 
and analyse the development of forest management practices in Spain. 
Narratives have been shown to be well-suited to reveal trajectories and 
their underlying causes in the context of land management (Jepsen et al. 
2015), so a similar approach has been adopted to describe the devel
opment of forest management. To ensure a systematic assessment of the 
trends, narratives have been structured around the main decisions in 
forest management as defined by Duncker et al. (2012a) (Table 1). 

Due to the scattered nature of the data and knowledge, information 
on these decisions has been drawn from multiple sources, namely: a) 
bibliographic reviews (written both in English and Spanish), b) official 
Spanish data and statistics, c) Spanish and European legislation, d) forest 
inventories, and e) communication and consultation with national ex
perts and specialists. The Spanish National Forest Inventory data comes 
from the periodic characterization of permanent plots across the coun
try. There are currently-four editions of the inventory, so their 
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comparison enables to assess the development of forest composition and 
structure over time (Alberdi et al. 2005, Hernández et al. 2014). 

To ensure that the temporal dimension was captured and that the 
development of the practices over time was described, narratives were 
divided into three periods: the post-Civil War period (1940–1970), the 
consolidation of rural depopulation in Spain (1970–1990), and the 
period when the concept of sustainable forest management became 
increasingly important through the First Ministerial Conference on the 
Protection of Forests in Europe in 1990, the Rio de Janeiro Earth Summit 
in 1992 and the establishment of forest certification schemes (1990- 
present). Additionally, the changes in the intensity of forest manage
ment have been assessed via expert knowledge by semi-quantitatively 
(using a range of 1 to 5) summarizing how intensively forests have 
been managed for each of the three study periods. 

3. Results 

3.1. Naturalness of tree species composition 

Native pine trees (Pinus pinaster, Pinus sylvestris, Pinus halepensis, 
Pinus nigra) were the most abundant species during the large-scale 
reforestation conducted by the public administration during the first 
period (1940–1970) (Vadell et al. 2019). These native species, which 
made up 77 % of the reforested area, corresponded to successional 
stages rather than the potential or climax vegetation in most sites. 
However, the use of fast-growing exotic species started to gain mo
mentum during this period, with ~15 % of the reforested land corre
sponding to these species. Pinus radiata (107,000 ha) and Eucalyptus spp. 
(164,000 ha) were the dominant exotic species, which showed good 
adaptation and growth in the tests that private owners conducted since 
the mid-19th century. In addition to P. radiata and E. globulus, the exotic 
species Pseudotsuga menziesii, Quercus rubra, Larix europea and 
L. leptolepis were also planted in northern Spain, whereas Populus ×
euramericana and Eucalyptus camaldulensis were used in more Mediter
ranean areas. 

During the second period (1970–1990), the use of Quercus species 
such as Q. robur and Q. suber started to increase (especially at the end of 
the period), which represented the natural optimum (climax) vegetation 
in many areas (Vadell et al. 2019). Similarly, there was an increased 
interest in the use of mixed stands of native species (especially in 
ecosystem protection stands) as opposed to the preference for mono
specific stands that dominated the previous period. Many agricultural 
lands abandoned during the rural exodus were colonized by pioneer 
species such as native pines (mainly Pinus halepensis, Pinus sylvestris and 
Pinus nigra). This, together with the large-scale reforestation of Spain, 
explains part of the species composition that the country has today 

(Fig. 1). 
Regarding the third period (>1990), the main trends in species 

composition as described in Vadell et al. (2019) were: 1) a slight increase 
in the share of plantations (from 8.2 % to 10 % of the forests in 1990 and 
2010, respectively), with most planted stands being composed of exotic 
fast-growing species such as E. globulus, E. nitens, Pinus radiata and 
Populus hybrids; 2) the widespread use of native oak species (namely 
Q. ilex and Q. suber) within the framework of the European Union’s 
Programme for the Afforestation of Agricultural Land established in 
1993; 3) the promotion of species mixtures (mixing different coniferous 
species, different broadleaved species, as well as coniferous and hard
wood species), such as the combination of species of the genera Sorbus, 
Acer or Fraxinus with other conifers or hardwoods; 4) an increased in
terest in species that produce high-quality timber, namely Juglans spp. 
and Prunus avium, but also Fraxinus excelsior, Sorbus torminalis, Alnus 
glutinosa and Betula spp; and 5) an increased use of shrub species in 
afforestation such as Chamaerops humilis, Crataegus monogyna, Juniperus 
oxycedrus, Juniperus phoenicea, Pistacea lentiscus, Rosmarinus officinalis 
and Spartium junceum (Vadell et al. 2016). As a result of all these trends, 
the most abundant species at present correspond to native species, with 
the native oak Q. ilex being the most widespread species (covering % 
14.2 of the woodland area) followed by the native pine P. halepensis (% 
11.2). 

3.2. Type of regeneration 

Forest management during the first period (<1970) applied different 
methods of regeneration depending on the tree species (Artigas 1890, 
Madariaga 1909, Navarro-Garnica 1977). Natural regeneration was the 
preferred method in semi-natural stands of native conifers. Coppice 
regeneration was used for Quercus species (especially Q. ilex, 
Q. pyrenaica and Q. faginea) to obtain firewood and charcoal, for Fagus 
sylvatica to produce firewood, as well as for Castanea sativa to obtain 
carpentry and stake material. Exotic fast-growing species for sawn 
timber were usually artificially planted following final clearcuts, 
whereas eucalypts were coppiced. Planting was also the regeneration 
method used in most reforestations, preferably using bare root seedlings. 
Finally, sowing tended to be the preferred regeneration method for Pinus 
pinaster and P. pinea. Although sowing was also used to some extent for 
Quercus ilex, the massive seed losses due to consumption by wild boar 
(Sus scrofa) led to the abandonment of this regeneration method. 

After the 1970s, the planting of seedlings became the preferred 
regeneration method over sowing (Molina et al. 1989, Serrada 2000). 
Container-grown seedlings (as opposed to bare-root seedlings) increased 
during this period as they performed better in the arid conditions of the 
Mediterranean region. Towards the end of the 1980s, the abandonment 

Table 1 
Major decisions involved in forest management and the associated operations, modified from Duncker et al. (2012a).  

Decision Silvicultural operations Aspects to be considered 

Naturalness of tree species 
composition 

Selection of tree species Species composition in relation to the potential natural vegetation, share of site-adapted tree 
species, and share of introduced tree species 

Type of regeneration Stand establishment Natural regeneration, planting, seeding and coppice 
Forest reproductive materials Selection of populations and tree genotypes Selection of site adapted forest genetic material, use of improved breeding material 
Machine operation Fertilizing, liming, soil preparation, 

thinning, final harvest 
Use of forest machinery for soil preparation, thinning and final harvest 

Soil cultivation Soil preparation, drainage, prescribed 
burning 

Physical site preparation (mechanical and use of prescribed burning) and drainage 

Fertilization / Liming Fertilization, Liming Fertilization to increase yield (amelioration), compensation for nutrient extraction, and re- 
establishment of natural biogeochemical cycles 

Application of chemical agents Pest control Application of pesticides and herbicides 
Integration of nature 

protection 
Tree retention, special habitats Retention of biotope/habitat trees, tolerance of deadwood, and biotope protection within stands 

Cutting regimes Cutting regime of final harvest Continuous cover, shelterwood, clearcutting, coppice, coppice with standards 
Tree maturity Final harvest Felling age in relation to the potential lifespan of a given tree species 
Wood removal Thinning, final felling Tree components (stem, stem tops, branches and stumps) extracted in thinning and harvesting 

operations  

E. Vadell et al.                                                                                                                                                                                                                                   



Forest Ecology and Management 524 (2022) 120526

4

of the worst Quercus coppice stands began due to the waning interest in 
firewood production. 

During the last period (>1990), natural regeneration remained the 
preferred method when managing natural stands of native conifers 
(namely, Pinus spp) (Navarro Cerrillo et al. 2021). The best stands of 
Quercus species (especially, Q. ilex, Q. pyrenaica and Q. faginea) 
continued to be coppiced for firewood and charcoal, but some were 
converted into sown stands to improve genetic diversity. Another case of 
change in the type of regeneration during this period is that of some re- 
sprouting species (Populus spp., Eucalyptus spp., Pawlonia spp., Salix 
spp.). The increased interest in energy crops resulted in the replacement 
of the traditional regeneration method used for these species when the 
aim was timber production by short-rotation (2–3 years) coppices aim
ing at biomass production. 

Regarding afforestation/reforestation, planting (as opposed to sow
ing) has been the most common method during the last period (Navarro 
Cerrillo et al. 2021). In dehesas (agro-sylvopastoral systems), densifi
cation is conducted to assist the otherwise difficult regeneration due to 
the presence of cattle. In natural/artificial stands of Pinus spp., enrich
ment planting with hardwood species is currently frequent to accelerate 
natural succession and increase biodiversity, especially when the goal of 
the reforestations was protective. Sowing is limited to certain stands 
reforested with Mediterranean species of the genus Quercus; shelters are 
used to prevent damage by birds and rodents. Aerial pine seeding for the 
restoration of burned areas has also been experimentally tested during 
this period. An aerial seeding trial after a wildfire in Catalonia (north
eastern Spain) in 1994 achieved a germination rate of 5 % (Castell and 
Castelló 1996). 

3.3. Forest reproductive materials (FRMs) 

After the Civil War, the origin and production of FRMs was national, 
and the improvement was scarce. The first improvement attempts 
focused on Populus spp. and consisted in selection and hybridization. 
The clones considered of greatest interest in Europe were imported, and 
the possibility of using native species (Populus alba, P. nigra and 
P. tremula) and their natural hybrids was also explored. FRMs (i.e., seeds 
and seedlings) were initially imported from the Netherlands, Italy, 
France, Germany and Morocco; seeds of Populus deltoides, P. angustifolia 
and P. tremuloides were also imported from the US and Canada. 

The 1980s saw significant developments in terms of FRM such as: the 
establishment of the tree breeding and genetic improvement programme 
for Pinus pinaster; the creation of clonal seed orchards for the genus Pinus 
(Alia et al. 1991, Arregui & Merlo 2008); the beginning of the breeding 
programme for Pinus radiata in the Basque Country and Galicia, which 
intensified in the 1990s (Arregui et al. 1999; Sampedro 2006); the se
lection of breeding material for Eucalyptus globulus; and the beginning of 
the breeding programme for selecting elms resistant to the Dutch elm 
disease because of the extensive and serious impact of this disease on 
Ulmus minor stands. The latter programme was further developed 
throughout the 1990s and produced elm FRMs resistant to the disease. 
The genetic improvement of Populus, on the other hand, slowed down 
during this period; yet, Italian (Luisa Avanzo, I-MC, Triplo), Dutch 
(Flevo) and American (Agathe) clones were introduced. During this 
period, the National Catalogue of Basic Materials for obtaining FRMs 
was created and specified which materials were authorized for 
commercialization (except for eucalypts). 

The entry of Spain in the EEC in 1986 led to the incorporation of 

Fig. 1. Forest area originating from reforestation according to the dominant tree species in 1997 (Vadell et al. 2019).  
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European policies concerning the commercialization of FRM into the 
Spanish legislation. In 1994, Spain joined EUFORGEN, an international 
cooperation programme that promotes the conservation and sustainable 
use of forest genetic resources in Europe as an integral part of sustain
able forest management. Since the 1990s, new basic materials have been 
approved and incorporated into the Spanish National Catalogue of Basic 
Materials as a result of the different tree breeding and genetic 
improvement programmes. The main programmes include clonal or 
seedling seed orchards for the genus Pinus, breeding programmes for 
Pinus radiata in the north, and selection of breeding material from in
dividuals with the most suitable phenotype for Juglans regia, Prunus 
avium, Acer pseudoplatanus and Betula spp. Currently, there is a total of 
532 basic materials within the “selected”, “qualified” and “tested” cat
egories as defined by the Directive 1999/105/EC, and none of them is a 
genetically modified organism. The production of FRMs has decreased 
over the last 10 years in terms of seeds and seedlings but has remained 
constant (or even increased) for cuttings/stakes (Fig. 2). 

3.4. Machine operation 

Forest management became increasingly mechanized (Table 2), with 
this mechanization starting in the 1950s partly as a result of the eco
nomic agreements signed with the US in 1953. Machines such as crawler 
tractors, terrain vehicles and planting machines and augers were pro
vided to Spain by the US. Concerns about the impact of some machines 
started to be raised in the 1980s. For example, concerns about the 
impact of terraces on soils and landscapes led to the design of high- 
stability articulated tractor prototypes (TRAMET and TTAE) in Spain. 

Unfortunately, their high economic cost and low resistance to harsh 
working conditions did not make them operational. 

3.5. Soil cultivation 

The main objective of soil preparation for reforestation purposes in 
the Mediterranean area of Spain was to improve the physical properties 
of the soil (namely porosity) to facilitate the development of roots and 
water infiltration (Serrada et al. 2005). During the first period 
(1940–1970), the general recommendation was for soil preparation to 
be intense in terms of depth (60 cm) and area. Because the land where 
reforestation was conducted had often steep slopes and degraded soils, 
soil preparation was done in rows following the level curves and 
conserving the vegetation between the rows to minimize erosion. On 
steep slopes (>35 %), the most common soil preparation techniques 
were manual hoeing (40 × 40 × 40 cm holes) or tillage with animal 
traction (oxen with a Brabant plough). With the introduction of chain 
tractors, oxen were no longer used, and the subsoiling started to be done 
using rippers. On less steep terrains (<10–15 %), soil preparation was 
done on the entire area by tillage with agricultural/farm tractors and 
mouldboard ploughs. The drawback of this preparation method was the 
inversion of topsoil horizons. 

During the 1970s, similar soil preparation procedures were used: 
tilling (angledozer + mold plough), subsoiling or ridging (angledozer +
ripper) for slopes < 35 %, and terraces (tiltdozer + ripper) for slopes 
ranging from 35 % to 60 % (Pemán & Arnó 1998). In the humid areas of 
northern Spain, prescribed burning was allowed. Holes, which in the 
previous period were done manually, started to be done using 

Fig. 2. Development of the production of forest reproductive materials (panels: seeds, seedlings and cuttings) and their category (colours/shapes: identified, selected, 
qualified or tested) between 2005 and 2019. (Source: MITECO 2021). 
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excavators. In the 1980s, terraces were no longer used on > 35 % slopes 
due to their impact on the soil and landscape; instead, holes were dug 
using a modified ripper that was carried by a chain tractor that moved 
along the line of maximum slope. The practice of draining certain 
endorheic wetlands was abandoned due to the high ecological value of 
these areas. In protective reforestation in arid and semi-arid climates 
with steep slopes and torrential rains, the micro-catchment technique 
has been used, which considerably increases the availability of water for 
the seedlings. Tillage was common to favour natural regeneration and 
seed germination in clearcut conifer stands. 

Since the 1990s, as a consequence of the generalized use of the spi
der/walking excavators on slopes > 35 %, the most common soil culti
vation technique in reforestation is that of digging holes; terracing is no 
longer used (Bocio et al. 2004). For slopes < 35 %, tilling, subsoiling or 
ridging remained the most commonly applied methods. In much of the 
degraded lands in the Mediterranean area, slow-liberation fertilizers and 
hydrogels are being experimentally applied to improve the moisture 
content of the soil. Similarly, organic amendments from either urban 
solid wastes or sewage sludges are being experimentally used to improve 
degraded soils prior to reforestation. Irrigation is frequently used in 
Populus spp., Juglans spp. or Prunus avium plantations as well as in 
plantations for truffle cultivation due to the long summer drought period 
of the Mediterranean climate. 

3.6. Fertilization / liming 

During the 1940 – 1970s, no fertilization was applied. The only 
remarkable exception was liming in Populus sp. plantations, which were 
often subject to river floods that brought nutrients. The first experi
mental trials with fertilization of fast-growing species started during this 
period, but fertilizer use in forestry was uncommon. 

In the 1970s, fertilizers (3–6 compressed forest manure tablets) 
started to be applied during the planting of fast-growing species in some 
acid soils of northern Spain. There were some variations in composition 
(i.e., NPK 11-18-11 or 8-8-16) and the studies on the pattern of nutrient 
release and leachate showed that around 80 % of the initial N, P and K 
contents were lost after 1.5 years equivalent of rainfall. Although 
research conducted at that time showed positive effects on stand growth 

(e.g., a 25–76 % increase in wood production in Eucalyptus plantations; 
Viera et al. 2016), the relatively high cost of application and the diffi
culty in reaching a high enough dose per plant limited fertilizer use. 

Since the 1990s, fertilization became a more widespread practice in 
planted stands, partly due to the impulse to reforestation and forest 
plantations given by the Programme for the Afforestation of Agricultural 
Land since 1993. As a result, some eucalyptus, Monterrey pine, Maritime 
pine and Douglas fir plantations in northwestern Spain started to be 
fertilized upon establishment with low doses. The effect was short-lived 
due to the quick leaching associated with humid climatic conditions in 
that region. It is estimated that ~ 1,000–1,500 ha of new eucalypt 
plantations are created and fertilized every year in that area of Spain 
(Galicia) through the governmental subsidies that support the applica
tion of slow-release fertilizers at the establishment stage. In the absence 
of subsidies, private owners tend to prefer fast-release, soluble fertil
izers. There is practically no use of maintenance fertilizers during stand 
development even though some experts recommend it. Fertilization 
practices differ between non-industrial owners and pulp companies, 
with fertilization being more intensive with the latter (Viera et al. 2016). 

The composition and concentration of the fertilizers shifted from 
2000 onwards based on the results obtained in the 1990s. Forest owners 
initially applied fertilizers that were made for agricultural purposes (i.e., 
NPK 15–15–15), but because there is no N shortage in the soils of 
northern Spain, these treatments resulted in the unbalanced develop
ment of the aboveground tree biomass compared to the root system as 
well as an increase in fungal diseases in P. radiata plantations. Therefore, 
from 2000 onwards, the composition of the fertilizers for these planta
tions changed to NPK 0-18-0, 0-21-0 or 0-27-0 (so-called superphos
phates), with very sporadic supply of magnesium and/or calcium. 
Fertilizers are applied at the plantation establishment stage and right 
after the first, second and even the third clearing/thinning usually 
conducted at stand ages of 5, 8 and 12 years, respectively. Currently, the 
forest administration subsidizes voluntary soil analyses to advice forest 
owners on the most suitable dose and composition of fertilization 
treatments. Several studies recommend fertilizing P. radiata plantations 
as a common practice due to the lack of P and Mg in NW Spain (Sánchez- 
Rodrıguez et al. 2002, Zas 2003). Eucalypt plantations in the same re
gion of Spain tend to be fertilized with fast-release NPK 8-24-16 

Table 2 
The development of machine operation in different forestry practices.   

1940–1970 1970–1990 >1990 

Clearing and soil 
preparation 

1940s and 50s: manual or animal traction 
(oxen). 
End of 50s: beginning of mechanization 
(bulldozers). 

Mostly mechanized. 
Manual became rare. 

Spider/walking excavators (slope > 35 %). 
Brush cutters coupled to agricultural tractors or 
caterpillars.Stump grinders (Populus spp. 
plantations). 
. 

Reforestation and 
planting 

Beginning of mechanization: crawler tractors, 
terrain vehicles, planting machines and 
augers. 
Manual earth augers.Chain tractors for 
subsoiled terraces (end of the period). 
. 

Angledozers and tiltdozers. Manual planting mostly. 

Felling Axe (diameter < 12 cm). Chainsaw  
(>12 cm). 

Chainsaw.Harvesters, skidders and forwarders (big 
forestry companies for plantations with fast-growing 
species). 
. 

Chainsaw.Harvester heads and feller-buncher 
heads increasingly more frequent (the latter for 
bioenergy). 
. 

Debranching and 
debarking 

Axe. Chainsaw (at the end of the period). 
. 

Portable chippers. 
Debarking mostly in the factory. 

Portable chippers (due to the increasing interest in 
forest biomass for bioenergy purposes). 

Hauling Mules and oxen (small trees). Tractors (larger 
trees). 
. 

Experiences with aerial cables (low economic 
profitability prevented consolidation). 

Dragging cable (usually pulling with an 
agricultural tractor). 
Skidder use is increasing.Forwarders (when 
harvesting heads are used). 
. 
Animal traction only in remote mountain areas. 
Aerial cable rather experimentally in natural 
protected areas. 

Transportation Trucks had no crane, complicated. 
Cable cranes in some areas. 

Trucks with cranes. Trucks with cranes.  
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fertilizers at the establishment stage and, sometimes, also right before 
eucalypts start to re-sprout after the final cut. Poplar plantations are 
seldom fertilized as the marginal gains in tree growth and wood pro
duction do not compensate for the fertilization cost. Such plantations are 
mostly placed in lowlands and alluvial plains and, therefore, their 
growth is not usually limited by lack of water or nutrients. 

3.7. Application of chemical agents 

The most used insecticides until the 1970s belonged to the group of 
organochlorines, among which DDT (dichloro diphenyl trichloro
ethane), HCH (hexachlorocyclohexane) and Lindane were the most 
common ones. The method of application was either ground-based 
spraying (in peri-urban or urban areas) or aerial spraying (in forested 
areas), with the first aerial spraying in Spain taking place in 1950 
(Albaladejo et al. 2016). Powder particles ranged between 10 and 15 µm 
and provided a large coating. The formulations and doses used were 10 
% and 20 kg/ha for DDT and HCH, and 1 % for Lindane. By the end of 
this historical period, 300–400 thousand hectares were being treated per 
year. Biological control treatments started to be implemented at the end 
of this period by increasing the abundance of natural predators of 
certain pests such as insectivorous birds (Parus spp.), red ants (Formica 
rufa, F. lugubris, F. aquilonia, etc.) or bats (Myotis spp., Rhinolophus spp., 
Pipistrellus spp.). 

Between the 1970-1990s, in addition to the organochlorine in
secticides that were still used (except for DDT which was banned in 
1977), organophosphate insecticides such as Malathion and growth- 
inhibiting insecticides that interfere with the formation of chitin such 
as diflubenzuron started to be used. The novelty during this historical 
period lies in the development of equipment that allowed for the 
application of ultra-low volume (ULV) treatments. This was the most 
used method in aerial treatments, with doses ranging between 5 and 10 
l/ha (formulations had to be liquid for this equipment). At the end of the 
70s, trials on the pine processionary (Thaumatopoea pityocampa) were 
conducted and started to be used at a large scale (Robredo 1980); later 
expanded to other defoliating pests such as Lymantria dispar. At the end 
of this stage, microbiological insecticides based on Bacillus thuringiensis 
started to be applied using ULV techniques, especially against the pro
cessionary. Several fungicides were also used during this period: the 
Bordeaux mixture (Ca(OH)2) as a preventive treatment (1 or 2 % con
centration sprays), copper oxychloride or cuprous oxide for seed treat
ment, potassium sulfide as a curative treatment, sodium 
pentachlorophenate and lindane to treat round logs and sodium penta
chlorophenate to treat sawn wood, and benomyl to protect cork oaks 
from Botryosphaeria (which causes the chancre disease and depreciates 
the value of the cork). 

In 1986 (year in which Spain entered the European Economic 
Community), Spain had to adapt its legislation around phytosanitary 
products to the European one, and since then, the European Commission 
has overseen the approval of these products. In Spain, all products 
authorized for use are listed under the National Register of Phytosani
tary Products (MAPA 2022). The most used insecticides since the 1990s 
have been those with Bacillus thuringiensis as active ingredient, as well as 
azadirachtin, alpha-cypermethrin, cypermethrin, deltamethrin, diflu
benzuron or etopenfrox. For instance, in Catalonia (northestern Spain), 
where pine forests are facing mounting pressure by Thaumetopoea pity
ocampa due to increasingly milder winters, ~20,000 ha/year have been 
treated with B. thuringiensis over the last years. Regarding fungicides, 
copper (cuprocalcic sulfate) and fosetyl-al have been used. Benomyl, 
which was used to treat cork chancre, was withdrew by the EU in 2003. 
New products have been tested since then, with methyl thiophanate 50 
%[SC]P/V showing the most promising results in preventing the 
appearance of the fungus and being currently used as an exception (its 
use has not been authorized for forestry yet, only for agriculture). 
Treatments with B. thuringensis are being tested as an alternative to the 
fungicide methyl thiophanate, but because the concentration of the 

active ingredient needed is so low, companies tend to find the process of 
authorizing these agricultural products for forestry purposes unworthy. 
Currently, parasitoids are being studied as a biological control method 
against pest species, which is a more targeted method and aims to bal
ance the population of the pest insect within the ecosystem. 

Herbicides are seldom used in forest management in Spain due to the 
high cost/benefit ratio in most areas characterized by a low profitability 
of timber harvesting. Furthermore, herbicide treatments are usually not 
subsidized by public administrations, which further discourages their 
use in forestry. Thus, the use of herbicides is limited to plantations of 
fast-growing species (e.g., Eucalyptus spp., Populus spp., Pseudotsuga 
menziesii and Pinus radiata) mainly in northern Spain, with glyphosate 
being the most used one (Coll et al. 2009). 

3.8. Integration of nature protection 

Until the 1960s, Spain was a rural country that depended on sub
sistence farming, and the way nature conservation was understood 
differed from our current understanding. Soil erosion was one of the 
main problems the country was facing in relation to deforestation. 
Hence, nature protection focused on hydrological forest restoration and 
erosion control. Protection forests (“monte protector”) were included in 
the Forest Law since the beginning of the 20th century to acknowledge 
the ecological role and importance of those forest areas. Forest har
vesting and grazing were more restricted in these forests than in other 
areas without such protection status. The 1957 Forest Law regulated 
several issues concerning national parks and represented a shift in the 
way nature protection was addressed in the legislation. In addition to 
historical and aesthetic criteria, ecological criteria were considered in 
the design of the national park network and in the declaration of new 
protected areas. 

During the 1970s – 1990s, the heightened environmental awareness 
resulted in an increase in the forest area under nature protection status. 
In 1975, the Law on Natural Protected Areas was approved, which 
included new types of protected areas beyond the category of national 
park. Several national parks representing different forest ecosystems 
(including the laursilva forest in the Canary Islands) were reclassified 
and their areas expanded. 

Since the 1990s, nature protection has taken a predominant role in 
the way forests are managed, which has been reflected in several policies 
and strategies targeting issues such as biodiversity conservation and 
wildfire prevention. The integration of nature protection has been 
realized through different instruments including the expansion of the 
network of protected areas (mainly through the implementation of the 
European Natura 2000 network) and the development of forest certifi
cation systems. Currently, over 40 % of Spanish forests are protected 
(11,187 thousand hectares of which 7,400 thousand are woodlands), in 
which forest management may be limited/restricted depending on the 
protection status. Regarding sustainable forest management certifica
tion, there are currently 2,300,000 ha of forest certified through PEFC 
and 335,000 ha through FSC (12.5 % and 1.8 % of the forested area, 
respectively) (MITECO 2020). Diverse conservation practices have been 
implemented in forest management over the last years, and include: 

• Protecting key habitats and structures required by endangered spe
cies, such as certain shrubs that produce food (e.g., wild berries) for 
brown bear and capercaillie, or deadwood for woodpeckers and 
owls.  

• Managing entire forest systems protected by European directives (e. 
g., forests dominated by Pinus nigra subsp. salzmanii and Quercus 
pyrenaica) to ensure they prevail over time and adapt to climate 
change.  

• Reducing wildfire risk by managing fuel load in the increasingly 
abandoned forest ecosystems of the Mediterranean area and creating 
stand and forest structures with “fuel” discontinuities to slow down 
fire propagation (mostly based on public subsidies). 
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• The inclusion of biodiversity indicators in the most recent National 
Forest Inventory to monitor the development of biodiversity over 
time (Asensio et al. 2005).  

• Strategies to control or even eradicate certain invasive plant species 
(e.g., Ailanthus altissima). 

3.9. Cutting regime 

Although cutting regimes have not changed much in Spain since the 
1940s, some differences can be pointed out. Timber harvesting tended to 
be more intense between 1940 and 1970 due to the autarchy established 
under Francos dictatorship. For instance, Quercus coppice stands were 
intensively managed for charcoal production during this period. During 
the next period (1970–1990), forest management practices started to be 
gradually abandoned in many natural forests (namely in the Mediter
ranean region), whereas short rotation plantations were pervasive in 
northern Spain. 

During the last decades (1990s – present), the abandonment of forest 
management practices in Mediterranean natural forests has continued 
due to the low economic profitability of timber harvesting, but the 
emergence of whole tree harvesting for biomass has led to some of these 
forests being managed again. The low intensity of forest management is 
illustrated by the fact that the current harvesting intensity (i.e., the ratio 
between harvested timber and annual forest growth) in northeastern 
Spain is ~ 25 %, whereas the average intensity within Europe is ~ 60 %. 
Similarly, and although the area with forest management plans has 
progressively increased over time (Fig. 3), only ~ 20 % of the forests in 
Spain have a management plan. Yet, the existence of a forest manage
ment plan does not imply active management, especially in the absence 
of subsidies. 

Cutting regimes vary depending on the climatic region and type of 
forest. In northern Spain, planted stands of even-aged, fast-growing 
species are usually intensively managed for wood or biomass and 
clearcut or coppiced (in the case of re-sprouting species such as euca
lypts and poplars) following short rotations. Coppice or coppice with 
standards is often used with Quercus species, which allows for uneven- 
aged management. Note that Quercus suber forests in Spain are not 
managed for timber but for cork production. Other broadleaved species, 
such as Fagus sylvatica, can also be managed either as even-aged or 
uneven-aged systems. In some areas dominated by native pines with 
clear timber production purposes and acceptable economic profitability 
(e.g., natural forests in central Spain), stands are managed following 
even-aged forestry with shelterwood methods. However, in some other 
areas (e.g., northeastern Spain), pine forests have been and still are 

managed using continuous cover forestry aiming at harvesting those 
dominant trees of higher economic value. 

3.10. Tree maturity 

Forest management practices in terms of tree maturity did not 
change much between 1940 and 1990. In Quercus systems (tradition
ally/often managed as coppice stands), the coppice felling age was low 
(15–20 years in good sites, 25–30 years in medium-quality sites) 
compared to the lifespan of the stump, which can range from 200–300 
(e.g., Q. faginea) to 700–800 (e.g., Q. ilex) years (Serrada et al. 2008). 
Management patterns in tree maturity were similar for chestnut stands 
(Castanea sativa). On the other hand, it may be also considered that, in 
natural stands, the felling age and potential lifespan of these species/ 
systems are similar since the stumps tend to remain until they are too 
old. For native pine species such as Pinus nigra and P. sylvestris, the 
difference between felling age (80–120 years) and potential lifespan 
(150–600 years) is usually lower than for Quercus species. In the case of 
fast-growing species in plantations, the management of which is char
acterized by short rotations (i.e., young felling age), the difference be
tween felling age and potential lifespan tends to be large: 12–18 years vs 
< 100 years for poplars, 10–15 years vs 100–150 years for eucalypts, and 
30–50 years vs 200 years for Pinus radiata. 

The main change in tree maturity since the 1990s has been the recent 
development of short-rotation coppice which is mainly intended to 
produce biomass for bioenergy. The rotation time tends to range be
tween 2 and 10 years, which is considerably shorter than the lifespans of 
the species used (e.g., eucalypts, poplars). In natural stands, it is now 
common practice to leave 5–10 trees per hectare over the felling age as 
well as dead wood for biodiversity protection. 

3.11. Wood removals 

Forest harvesting during the 1940–1970 period followed the tree- 
length or shortwood approach depending on the dimensional charac
teristics required by the industry for different timber products. The 
residues that were not used after cutting (branches, crown and foliage) 
were not removed from the forest but remained scattered over the 
harvested area or were piled and burned afterwards. At the beginning of 
this period, these residues (especially the thickest branches) were often 
collected by locals as fuelwood to be used in their households. In the case 
of forest systems with re-sprouting species (e.g., eucalypts and poplars) 
that were not managed as coppice stands, the stumps were dug out and 
often burned right after harvesting. Bark was also a common “residue” in 

Fig. 3. Historical trends of forest area with forest management plans between 1880 and 2019 (decades, left panel) and between 2005 and 2019 (yearly values, right 
panel). The asterisk (*) indicates approximate values. (Sources: SECF 2010, MITECO 2021). 
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pine forests that was very often left in the forest after post-harvest 
manual debarking operations. 

From the 1970s onwards, forest harvesting also followed the tree- 
length or shortwood systems, meaning that branches, crowns and fo
liage were left on the forest ground after harvesting operations. These 
side products were not usually processed, although sometimes they were 
shredded with hammer-cutters and chippers, and exceptionally, piled 
and burned. During the last period, attempts were made to use the 
stumps for bioenergy production when a change in the main species 
(from Eucalyptus spp. to Quercus spp.) or in a clone (in poplar planta
tions) was sought after. These stumps were extracted and ground in situ 
using stump grinders. The increasing demand for forest biomass in the 
last decade is promoting the full tree harvesting system in some conifer 
stands, in which the entire tree (including branches and crowns) is being 
chipped and used. This harvesting system is also being applied in burned 
forests when the products are not of commercial interest. The volume of 
timber harvested remained low until the 1940s but increased signifi
cantly between 1940 and 1960 due to the international isolation Spain 
faced during Franco’s dictatorship (Fig. 4). The volume of firewood 
harvested decreased considerably since the 1960s due to the emergence 
of new sources of energy and has fluctuated considerably since the 
1990s. Conversely, the volume of timber harvested has followed an 
upward trend since the 1960s and has remained fairly stable during the 
last two decades. Conifers represented 75 % of the timber harvested in 
the 50s, but that percentage has decreased over time until the current 
value of 55 % (Fig. 4). The largest volume of harvested conifers corre
sponds to Pinus radiata and P. pinaster (38 % and 35 % of the harvested 
conifers in 2017, respectively), whereas eucalypts make up for most of 
the volume of harvested broadleaves (86 % in 2017) followed by poplars 
(7 %) (MITECO 2021). 

4. Discussion 

In this study we reviewed the development since the mid-20th 

century of several key features of forest management practices in Spain. 
Understanding how forests have been and are managed is crucial for 
determining how management could be improved to promote multi
functionality and better face current and future environmental chal
lenges. Thus, information on historical management practices can serve 
as a basis for defining the contribution that forest management can have 
to climate change mitigation (e.g., Grassi et al. 2018, Gusti et al. 2020). 
Our study also provides insights into management decisions other than 
species choice, cutting regime, maturity and wood removals, which are 
the ones typically used for such assessments. 

Several decisions show a development towards increased multi
functionality and sustainability of forest management practices in Spain 
(Table 3). The integration of nature protection in this country has 
evolved from a segregative approach through the creation of national 
parks (i.e., protection islands) during the first period (1940–1970) to an 
integrative approach by the implementation of conservation within 
forestry practices (from planning to execution), a development that 
agrees with trends seen elsewhere (Boncina 2011, Van der Maaten- 
Theunissen & Schuck 2013). The adoption of certification schemes is 
believed to have strengthened the sustainability of forestry practices and 
has increased over the last 15 years (MITECO 2021). However, the 
adoption of these schemes in Spain is a) low (13.4 %) compared to the 
European average (>50 %) (Forest Europe 2020), b) often motivated by 
market factors (e.g., attracting customer attention, the improvement of 
companies’ corporate image) (Zubizarreta et al. 2021), and c) certified 
plantations are not necessarily perceived by stakeholders as the most 
sustainable ones (Díaz-Balteiro & García de Jalón 2017). Similarly, there 
has been an increase over the years in the forested area with sustainable 
forest management plans, but the proportion of forests with manage
ment plans is still low compared to the European average (20 % and 70 
% in 2017, respectively, Bravo et al. 2017). There has also been a change 
towards more sustainable decisions in terms of soil preparation, which 
has evolved from continuous methods in which most of the area to be 
reforested is disturbed, to spot methods which disturb a more limited 

Fig. 4. Historical (1915–2019, left) and recent (1990–2019, right) trends in harvested timber (top) and firewood (bottom) volumes in Spain. (Source: INE 2021).  
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and targeted area (i.e., the area around the planting hole). Such a 
development in site preparation, which has been possible in part due to 
improvements in FRMs and machinery, is believed to minimize envi
ronmental impacts while improving seedling performance (Löf et al. 
2012). One of the major risks related to forests in southern Europe, 
especially in low-productivity Mediterranean forests that are expanding 
and becoming increasingly dense due to rural abandonment, is that of 
forest fires (Seijo 2005, San-Miguel-Ayanz & Camia 2010). As such, fire 
prevention is becoming an increasingly important function of forest 
management and an key issue of territorial development and planning in 
Spain, which is critical considering that the risk of wildfires is predicted 
to increase, especially in the Mediterranean Basin (Bowman et al. 2017). 

The naturalness of tree species is a complex and controversial deci
sion in forest management (e.g., Brockerhoff et al. 2008, Pötzelsberger 
et al. 2020). The growing demand for timber and biomass as well as a 
potentially greater capacity of non-native trees to adapt to climate 
change has resulted in a growing interest in these species in Europe 
(Krumm and Vitkova 2016). However, the environmental concerns 
around non-native species have led to multiple social conflicts among 
scientists, stakeholders and the general public (Veiras and Soto 2011, 
Dickie et al. 2014). Native tree species dominate Spanish forests, which 
is a result of forest management having mostly relied on native trees for 
large-scale reforestations (pines during the first period and oak trees 
from 1990 onwards) and the capacity of native species to colonize 
abandoned agricultural lands (Vadell et al. 2016). However, exotic 
species have also been used since the mid-19th century. In fact, the 
forest area covered by non-native species in Spain is higher than the 
European average (Forest Europe 2020), and the current engagement of 
Spain in non-native trees in forestry is one of the strongest in Europe 
(Pötzelsberger et al. 2020). The engagement in exotic species has been 
especially strong in northern Spain, where Eucalyptus and Pinus radiata 
plantations are widespread. The introduction of these two species has 
been linked to an increased depletion of soil water and nutrients, to 
changes in biological communities and soil properties, and to an 
increased fire risk (Williams and Wardle 2007, Soumare et al. 2016, 
Deus et al. 2018, Calviño-Cancela et al. 2016). Environmental effects of 
these non-native plantations have also been observed in freshwater 
ecosystems. For example, altered stream hydrology (e.g., reduced water 
flow, greater spates during rain events, more severe droughts in the dry 
season) and functioning (reduced litter decomposition) have been re
ported in eucalypt plantations (Scott and Lesch 1997, Lara et al. 2009, 
Cordero-Rivera et al. 2017, Ferreira et al. 2019). Therefore, if forestry in 
Spain wants to promote sustainability and multifunctionality, the deci
sion around the role that exotic species play in Spanish forests will have 
to be carefully considered. 

Results also showed an increase in the promotion of mixed forests as 
well as in the share of plantations over the study period. Considering 
that mixed-species approaches to forestry provide a broader range of 
ecosystem services relative to monocultures (e.g., Gamfeldt et al. 2013, 
Felton et al. 2016, Brockerhoff et al. 2017, Liu et al. 2018, Messier et al. 
2021), increasing the cover of mixed forests is considered an advance
ment towards multifunctionality and agrees with the trend observed 
across Europe (Forest Europe 2020). Spain hosts one of the highest tree 
diversities in Europe (Ollero & de Dios 2011, Morales Valverde et al. 
2011), with almost half of the forest area containing four or more tree 
species (Forest Europe 2020). One of the positive outcomes provided by 
mixed-species compared to monospecific forests is a reduced risk of 
disturbances such as pathogens and pests (Felton et al. 2016, Jactel et al. 
2009, 2017). This benefit is especially relevant these days in Spain due 
to the devastating outbreak of needle blight experienced by Pinus radiata 
monocultures in the Atlantic region of the country between 2018 and 
2020 (Mesanza et al. 2021). However, the increase in the share of even- 
aged plantations (from 8.2 % to 10 %) during the past decades may not 
be in line with increased multifunctionality, since uneven-aged forestry 
provides more ecosystem services than even-aged rotation forest man
agement (Pukkala 2016). 

Unlike the above-described decisions, which have evolved since the 
mid-20th century (e.g., soil cultivation, integration of nature protection, 
naturalness of tree species), other decisions have not changed much 
(Table 3). That is the case for regeneration method, cutting regime and 
tree maturity. Semi-natural stands of native conifers were and are 
naturally regenerated, and even-aged forestry with shelterwood (central 
Spain) or continuous cover forestry (northeastern Spain) is used to cut 
the trees at a mature stage (80–120 years old). On the other hand, in the 
even-aged plantations of fast-growing trees (namely, poplars, eucalypts 
and Pinus radiata) that abound in the northern region, seedlings are 
planted and clearcut or intensive coppice is used to cut the trees at a 
fairly young age relative to their potential lifespan. The former approach 
(continuous cover forestry) is recognized to provide a wider suite of 
ecosystem services besides timber production in comparison to the latter 
(conventional rotational forestry), and it is receiving increasingly more 
attention globally due to concerns about the ecological consequences of 
intensive forestry practices and a willingness to promote a wider set of 
management objectives (Duncker et al. 2012b, Sing et al. 2017). How
ever, the wider adoption of alternative silvicultural practices is hindered 
by several constraints (economic, logistical, informational, cultural, 
historical) that could be overcome with interventions such as regula
tions and incentives (Puettmann et al. 2015). 

A third forestry approach that has been followed in Spain is that of 
coppicing Quercus stands. Oaks were coppiced quite intensively 

Table 3 
Semi-quantitative assessment of the intensity of intervention (1 – 5 scale: least – most intensive) of several forest management decisions (rows) during each of the three 
study periods (columns). The degree of intensity has been determined following the categories defined by Duncker et al. (2012a) (i.e., “The intensity of manipulation 
associated with a particular forest management approach results from the deliberate alteration of key stand variables through the use of production factors”).  

Decision 1945–1970 1970–1990 1990-now Average 

Least intensive Most intensive Least intensive Most intensive Least intensive Most intensive  

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5  

1 Naturalness of tree species composition    X    X     X    3.3 
2 Tree improvement  X      X     X    2.7 
3 Type of regeneration   X     X      X   3.3 
4 Machine operation  X      X      X   3.0 
5 Soil cultivation    X    X     X    3.3 
6 Fertilization / Liming X      X      X    2.0 
7 Application of chemical agents    X    X    X     3.0 
8 Integration of nature protection    X    X    X     3.0 
9.1 Wood removals (stem)   X     X     X    3.0 
9.2 Wood removals (residues) X      X     X     1.7 
9.3 Wood removals (stumps) X     X      X     1.3 
10 Final harvest system   X     X     X    3.0 
11 Maturity   X     X     X    3.0 
AVERAGE SCORE 2.69 2.69 2.85 2.74  
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following 20–30-year rotation cycles up until the 70s, but then this 
forest management practice started to be gradually abandoned, namely 
in the Mediterranean region. The consequences of such abandonment 
are the increasing problems of decay of stands with excessively aged 
stumps, generalized crown dieback/defoliation, no regeneration from 
seeds and high flammability. One of the main effects of climate change 
in the Mediterranean area will be increased aridity (Jansen 2007), 
which will decrease forest productivity and increase tree mortality 
(Barbeta et al. 2013, Ogaya et al. 2003). These ecosystems face diffi
culties in sexual regeneration (Plieninger et al. 2010), especially the 
agrosystems of Quercus suber and Quercus ilex “dehesas” (Pulido et al. 
2001, Plieninger et al. 2004), and as their lifespan can be of several 
hundreds of years old (Fernandez et al. 2004), they may not have 
enough genetic diversity to adapt to future conditions (Soto et al. 2007). 

In addition to those three forestry approaches, two of which have 
remained fairly constant over the study period, a fourth approach has 
developed recently: short rotation coppice for bioenergy. Following the 
increased demand for this source of energy worldwide (IEA 2018), more 
stands of re-sprouting eucalypts and poplars are managed following 
shorter rotation (2–10 years) practices in Spain. This has allowed for 
some abandoned Mediterranean forests where the wood was not of 
sufficient quality for the timber industry to be managed again. In terms 
of multifunctionality, this type of forestry contributes to guaranteeing 
energy security as well as to mitigating climate change (Rockstrom et al. 
2017, Obersteiner et al. 2018), but it is not free from environmental 
concerns such as a lower biodiversity compared to natural forests 
(Vanbeveren and Ceulemans 2019). Additionally, some studies have 
shown that carbon benefits can be superior when forests are left to 
regenerate as opposed to converted into short rotation coppice systems 
(Griscom et al. 2017, Kalt et al. 2019). Yet, because the Mediterranean 
region is prone to forest fires, such disturbances could cancel out the 
carbon accumulated in forests for years (Hurteau and Brooks 2011). It is 
also important to keep in mind that carbon storage is an expensive 
process in terms of water requirements within the water-limited context 
of many Mediterranean forest ecosystems. For Mediterranean trees, 
fixing a gram of carbon may require 1–1.5 kg of water (Sabaté and 
Gracia 2011). Considering that Spain is one of the most water-limited 
countries in Europe, and that water resources are already and will 
increasingly be subject to multiple pressures and stressors (EEA 2021), 
the role of Mediterranean forests in climate change mitigation and the 
trade-offs between carbon fixation and water use need to be carefully 
pondered. Thus, the future development of these forest management 
decisions (tree maturity, cutting regime, type of regeneration) in Spain 
will depend on which ecosystem services (e.g., energy provision, climate 
change mitigation, water regulation, fire prevention, biodiversity) are 
prioritized, as well as on which strategy is adopted to mitigate and adapt 
to climate change (Duncker et al. 2012b, Verkerk et al. 2020), especially 
considering that the degree of multifunctionality of Mediterranean for
ests may be inherently limited and that trade-offs between ecosystem 
services are unavoidable (Morán-Ordóñez et al. 2020). 

Another forest management decision that has evolved towards 
intensification is that of fertilization (Table 3). The use of fertilizers in 
plantations of fast-growing species started in the 1970s and consolidated 
in the 1990s, partly due to public subsidization that alleviated the high 
cost of application. Since 2000, there was a change in fertilizer 
composition based on the trials conducted during the previous decade 
and prescriptions were refined accordingly. For example, the fertiliza
tion of Pinus radiata with superphosphates has been recommended to 
offset the lack of P and excess of N in the soils of northern Spain 
(Sánchez-Rodrıguez et al. 2002, Zas 2003). The fertilization of eucalypt 
plantations is also recommended, especially in short-rotation coppice 
systems, based on studies that have reported a positive effect on wood 
production (Viera et al. 2016). Regarding poplars, the general rule of 
thumb is that soils should not be fertilized if the NPK content is of 50, 30 
and 100 ppm, respectively (Domínguez 1997). However, it remains 
unclear whether fertilizing is a good investment (especially in 

plantations with longer rotations), as there are no conclusive studies on 
whether the potential revenues from increased timber production 
compensate for the fertilization costs (which may represent an extra cost 
of 300 to 500 euros per hectare). This is especially true when consid
ering the orography, climate and soil types in Spain, which hinder 
application and limit economic profitability. 

Unlike the use of fertilizers, the application of chemical agents has 
diminished in intensity during the study period. This decrease has fol
lowed, in part, several bans around some of the most harmful products 
to humans and the environment. Instead, biological control treatments 
started to be applied in the 1990s, with microbial insecticides based on 
Bacillus thuringiensis being widely used during the past two decades. The 
development of equipment enabling ultra-low volume treatments has 
also contributed to a less intensive application of chemical agents. 
Because climate change presents an uncertain future in terms of path
ogen and insect outbreaks (Dale et al. 2001), control treatments may 
have to evolve quickly in the future to tackle new pests/diseases or the 
altered behaviour and physiology of species already present within a 
system. Additionally, forest management decisions that contribute to 
preventing and mitigating the negative impacts of such outbreaks 
should be adopted. This includes the promotion of genetic diversity in 
FRMs to boost resilience or forestry practices that enhance protection 
against outbreaks such as establishing more diverse mixed-species, un
even-aged forests (Pautasso et al. 2010, Felton et al. 2016, Jactel et al. 
2017). 

Finally, other management decisions have developed considerably 
since 1940 but need to advance further if the management of Spanish 
forests is going to successfully meet the challenges ahead. For instance, 
the use of machinery in forest management has intensified (Table 3). 
This mechanization was delayed in Spain compared to other countries, 
but the lack of workforce in the forestry sector during the 1980s-1990s 
propelled it. However, except for some prototypes designed in Spain 
between 1970 and 1990, the mechanization of forestry operations has 
mostly been carried out with machinery designed in and imported from 
Central European countries. Because the orographic and forest condi
tions in Spain differ from those in Central Europe, these machines are 
not necessarily well suited for the former, and their use has led to some 
controversy (Edeso et al. 1999, Ampoorter et al. 2012, Casamitjana et al. 
2012). Furthermore, the data on machinery used for forestry and agri
culture tends to be aggregated, and there is a lack of records on the 
machinery (type, age…) used for silvicultural practices (Calvo et al. 
2005). Therefore, there is the need for research and innovation on ma
chinery adapted to the conditions in Spain (e.g., natural or semi-natural 
hardwood forests), as well as for a reliable inventory of the machinery 
being used in the forestry industry. 

The development and use of FRMs has also developed during the 
study period, but further efforts are required to ensure that FRMs are 
suitable for present/future conditions and sufficiently genetically 
diverse to face a changing environment. The history of genetic 
improvement in Spain is like that of other European countries: the ef
forts have been focused on species of greater economic interest 
neglecting native species until recent times (Ennos et al. 1998). In the 
case of Spain, efforts have focused on Eucalyptus. sp, Populus. sp, Pinus 
pinaster and P. radiata. Currently, there are 0.9 FRM sources per 1000 
km2 in Spain, which is a low number when compared to countries like 
Czechia (61.0) or Germany (26.4) (Pötzelsberger et al. 2020). The cur
rent crisis of climate change, the unprecedented biodiversity loss and 
changes in forest policies have prompted efforts to preserve and enhance 
the genetic diversity of native tree species in the last period (González- 
Martínez & Martin-Albertos 2000, Fernández et al. 2000), and the 
growing number of restoration initiatives has led to a growing interest in 
and demand for species with local genotypes (Thomas et al. 2014, Di 
Sacco et al. 2021). In a situation in which environmental changes are 
faster than trees can adapt genetically (Kremer et al. 2012), reforestation 
with genetically diverse FRMs will be one of the tools facilitating climate 
change adaptation (Rajora & Mosseler 2001, Kolström et al. 2011, 
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Vinceti et al. 2020). 

5. Conclusions 

Our study shows that different forest management decisions in Spain 
have evolved differently, with some showing a gradual shift towards 
multifunctionality, others moving towards a more intensive type of 
forestry, and others not changing much since the 1940s. The analysis has 
also showed clear regional differences, with forests in the Atlantic region 
being managed in a more production-centered way as opposed to the 
more protection-centered way in the Mediterranean region. The 
description and discussion of the trends allow to anticipate where the 
Spanish forest management is headed as well as what management de
cisions should be reconsidered according to the objectives of the coun
try’s forest policy. If the Spanish forestry policy is committed to 
improving and activating forest management, it is important to consider 
the multifunctional role of forests and all the benefits they provide (e.g., 
timber and non-timber products, water regulation, biodiversity conser
vation, fire prevention, carbon sequestration, recreational opportu
nities). As such, several decisions regarding the cutting regime, tree 
maturity and/or the naturalness of tree species may have to be recon
sidered if the country wants to transition from conventional timber- 
centered rotational forestry to alternative silvicultural approaches that 
promote multifunctionality (e.g., continuous cover forestry). Such a 
transition towards mixed-species, uneven-aged forests would also 
facilitate rising to one of the main challenges that Spanish forest man
agement faces: to develop a climate-smart forestry that contributes to 
the mitigation of and adaptation to global change. In the same vein, 
genetic improvement needs to focus not only on the most productive tree 
species, but also on those species that are able to adapt to the increas
ingly arid conditions in the Mediterranean region. Current decisions on 
the naturalness of species composition may also need to be revisited, and 
species or provenances that can better thrive under future climatic 
conditions may have to be considered. Machine operation should also be 
tailored to the conditions of Mediterranean forestry and topography, 
either by adapting existing machines or by developing new ones. Further 
research on the development of forest management practices in other 
European countries is needed to compare trends and, thus, draw valu
able lessons for European forest policy decision making. 
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National forest inventory and forest observational studies in Spain: Applications to 
forest modeling. For. Ecol. Manage. 316, 54–64. 

Ampoorter, E., De Schrijver, A., Van Nevel, L., Hermy, M., Verheyen, K., 2012. Impact of 
mechanized harvesting on compaction of sandy and clayey forest soils: results of a 
meta-analysis. Ann. Forest Sci. 69 (5), 533–542. 

Antón, M.T., 2011. Las actuaciones forestales como vector de transformación de los 
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Forestales 19, 11–19. 
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Guillemot, J., Hall, J.S., Hector, A., Hérault, B., Jactel, H., Koricheva, J., Zemp, D.C., 
2021. For the sake of resilience and multifunctionality, let’s diversify planted forests! 
Conserv. Lett. 15 (1), 1–8. 

E. Vadell et al.                                                                                                                                                                                                                                   

http://refhub.elsevier.com/S0378-1127(22)00520-5/h0125
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0125
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0125
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0130
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0130
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0130
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0135
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0135
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0135
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0140
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0140
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0140
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0140
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0145
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0145
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0145
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0150
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0150
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0150
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0150
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0150
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0155
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0155
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0160
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0160
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0160
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0160
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0165
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0165
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0170
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0170
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0170
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0175
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0175
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0175
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0175
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0185
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0185
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0185
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0190
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0190
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0195
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0195
https://foresteurope.org/state-europes-forests-2020/
https://foresteurope.org/state-europes-forests-2020/
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0205
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0205
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0205
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0210
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0210
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0210
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0210
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0210
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0210
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0215
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0215
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0215
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0220
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0220
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0220
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0225
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0225
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0225
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0225
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0225
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0235
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0235
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0235
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0240
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0240
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0245
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0245
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0250
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0250
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0250
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0250
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0250
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0255
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0255
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0255
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0265
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0265
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0265
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0270
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0270
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0270
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0270
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0270
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0275
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0275
https://www.miteco.gob.es/es/biodiversidad/temas/inventarios-nacionales/inventario-espanol-patrimonio-natural-biodiv/informe-anual/Informe_2020_IEPNB.aspx
https://www.miteco.gob.es/es/biodiversidad/temas/inventarios-nacionales/inventario-espanol-patrimonio-natural-biodiv/informe-anual/Informe_2020_IEPNB.aspx
https://www.miteco.gob.es/es/biodiversidad/temas/inventarios-nacionales/inventario-espanol-patrimonio-natural-biodiv/informe-anual/Informe_2020_IEPNB.aspx
https://www.ine.es/prodyser/pubweb/anuarios_mnu.htm
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0295
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0295
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0295
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0295
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0300
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0300
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0300
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0300
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0305
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0305
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0305
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0305
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0310
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0310
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0310
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0315
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0315
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0315
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0320
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0320
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0320
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0325
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0325
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0325
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0335
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0335
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0335
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0335
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0340
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0340
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0340
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0340
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0345
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0345
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0345
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0350
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0350
https://www.mapa.gob.es/es/agricultura/temas/sanidad-vegetal/listasustanciasactivasaceptadasexcluidas_tcm30-618972.pdf
https://www.mapa.gob.es/es/agricultura/temas/sanidad-vegetal/listasustanciasactivasaceptadasexcluidas_tcm30-618972.pdf
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0365
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0365
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0365
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0370
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0370
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0370
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0370
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0370
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0375
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0375
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0380
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0380
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0385
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0385
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0385
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0385
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0390
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0390
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0390
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0390
http://refhub.elsevier.com/S0378-1127(22)00520-5/h0390


Forest Ecology and Management 524 (2022) 120526

14

Millennium Ecosystem Assessment (MEA), 2005. Ecosystems and human well-being: 
synthesis. Island, Washington, D.C., USA. 

MITECO, 2020. Gestión forestal sostenible. Madrid. Available at: https://www.miteco.go 
b.es/es/biodiversidad/estadisticas/aef2019_06_gfs_tcm30-529159.pdf [accessed 
August 2022]. 

MITECO, 2021. Anuarios de estadística forestal. 2005-2019. Madrid. Available at: https 
://www.miteco.gob.es/es/biodiversidad/estadisticas/forestal_anuarios_todos.aspx 
[accessed May 2022]. 

Molina, J.L., Navarro, M., Montero de Burgos, J.L., Herranz, J.L., 1989. Afforestation 
techniques in Mediterranean countries. ICONA, Madrid. 

Morales Valverde, R., Tardío, J., Pardo de Santayana, M., Molina, M., Aceituno-Mata, L., 
2011. Biodiversidad y Etnobotánica en España. 

Montero, G., 2018. Breve resumen del proceso repoblador en España. In: https://distrito 
forestal.es/historia-forestal/breve-resumen-del-proceso-repoblador-en-espana. 
(Accessed 12 September 2022). 
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Verkerk, P.J., Costanza, R., Hetemäki, L., Kubiszewski, I., Leskinen, P., Nabuurs, G.J., 
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