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Abstract 

The second half of the 20th century has been characterised by the rural abandonment in several regions of the 
Mediterranean basin. The general collapse of traditional agriculture and livestock activities brought about an 
intensive migration movement from inland to coastal areas, which produced a massive forest cover increase in 
abandoned rural areas. This socioeconomic, spatial and environmental change has led to a situation unknown for 
centuries in the Mediterranean landscapes. As a consequence, large wildfires have increased enormously in 
importance in a society with a predominant urban vision over the rest of the territory. Indeed, public opinion 
considers wildfires as major natural disturbances related to climate change causing at the end deforestation, while 
its prerequisite, a substantial increase of forest cover due to rural collapse, is less known. This research aimed to 
deepen the knowledge about forest evolution and its implications after the land abandonment process that started 
in the second half of the 20th century. The substantive source of information was obtained from a 
photointerpretation by sampling, using five general land-cover and land-use types and four specific land-cover 
types over a period of 50 years (1957–2007) in the province of Castelló (Valencian Region, Spain). Results showed 
that the area dominated by dense forests (shrublands and woodlands) has increased from 17% to 28%, and the 
area dominated by their transitional land uses after farming abandonment has increased from 8% to 21%. 
Transition matrices enabled a precise identification of changes among dominant categories over the studied period. 
Random and systematic transitions between categories have been analysed and a map of forest evolution pathways 
could be drawn, in which a double alternative path was identified. In the general context of progressive evolution 
to dense forests in the Mediterranean region, we have also found different evolution rates which may depend on 
site conditions. Their specific soil and climatic factors should be further analysed in order to improve our 
understanding of future forest evolution in the Mediterranean region at a local scale. A robust knowledge of these 
processes will contribute to improve forest management and land-use planning while optimising resilience, carbon 
storage and the provision of environmental services. 
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1 Introduction 

The Iberian Mediterranean region experienced its most intensive historically-known rural transformation in the 
past 150 years, which began at the end of the 19th century and intensified during the second half of the 20th 
century, in form of two waves (1860–1936 and 1955–present) interrupted by the Spanish Civil War and its harsh 
post-war period (Camarero, 1991; Ortega and Cobo, 2004). While the first wave was softened by the Spanish 
demographic transition (Arranz,1980; Reher and Sanz-Gimeno, 2007; Robles et al., 1996b, 1996a) and interrupted 
by the civil war, the second had much more intensive effects, breaking the social and spatial structures of large 
rural areas (Collantes, 2007, 2001). This second period is the selected time frame for this research. 

Simultaneously with industrialisation and service development processes (Lizárraga and Chica-Olmo, 2014), huge 
migrations took place from rural areas to large cities and, in general, from inland to the coast (Heredia-Laclaustra 
et al., 2013). These transformations happened later in comparison to the countries of Central and Northern Europe 
and faster (especially between 1955 and 1975), without any socioeconomic and spatial strategic planning (Mataix-
Solera and Cerdà, 2009). 

While the urban and coastal areas had unprecedented economic and social transformations, in the rural areas 
population and farming progressively collapsed in many regions (Collantes, 2007). Currently, a large part of the 
territory has the lowest population densities since the Neolithic transition of the population (Badal, 2017; Muñoz-
Rojas et al., 2011). In many cases, we find a deep demographic desertification (Molina, 2002) in a landscape that 
had been shaped by more than 5000 years of human activities, first by the use of fire and later by grazing, agriculture 
and wood collection (Bauer, 2003; Blondel, 2006). In fact, the value of the Mediterranean cultural landscape as a 
hotspot of global biodiversity (Myers et al., 2000) is precisely the consequence of the integration between its natural 
heterogeneity and human processes developed over millennia (EFI, 2009; Guadilla-Sáez et al., 2019; Muñoz-Rojas 
et al., 2019; Otero, 2010). 

This new context brings some challenges and, for instance, García and Lasanta (2018) consider that the present 
Mediterranean cultural landscape is undergoing a process of deconstruction that involves serious economic, 
ecological and social changes because of the cessation of traditional human activities. Forests without any 
management for the first time in history are colonising new areas, reaching its largest historical known extension 
(Cervera et al., 2015) and densifying their structure where they already existed, according to the available 
information (Casals et al., 2005; Cervera et al., 2019; Villanueva, 2005). 

As a consequence of this new context, since 1980 (Vélez, 2000) large wildfires have taken the leading role as the 
most important disruptive agents of forest expansion (Castellnou et al., 2007). Wildfires are becoming first-level 
emergencies of increasing dimensions (Pausas et al., 2008; Rifà and Castellnou, 2007), since they are evolving 
towards larger events with more catastrophic consequences (Castellnou et al., 2009, 2007; Garavaglia and Besacier, 
2014; Moreno, 2007; Vélez, 2018), and with serious environmental and socioeconomic damages at local, regional 
and global scales (Martín et al., 1998) in the context of great threats due to global change (Lindner et al., 2010; 
Moreno et al., 2005). This new situation has also led to critical effects on the biodiversity, as many species have 
evolved into a mixed-use landscape that offers much more varied habitat conditions for them than closed 
shrublands and forests (Vallecillo, 2009). 

If urgent policies are not implemented, the population of inland rural areas will continue to decline (Alamá-Sabater 
et al., 2021; Camarero et al., 2009; Pinilla and Sáez, 2017) and, therefore, the landscape will remain losing the last 
elements of its traditional management, while the urban population will continue to grow (Pinilla and Sáez, 2017), 
increasingly disconnected from its rural roots and territory. This context provides the basis for a new emerging 
environmentally-driven narrative quite disjointed from the facts and historical background (Meira et al., 2013; 
Otero, 2010). In any case, this urban population in the future will require considerable environmental services 
provided by natural resources (CITMA, 2012; Reid et al., 2005), and consequently, forests would need to be 
planned and managed in new sustainable ways. 

Understanding trends in landscape evolution, particularly those related to the linkage between rural and urban 
areas, is crucial for sustainable spatial planning (Di Fazio et al., 2011), both from the socioeconomic and 
environmental points of view. Some authors classify the processes that explain landscape changes into 



3 

socioeconomic and ecologic (Bakker and Veldkamp, 2008; Rindfuss et al., 2004; Serra et al., 2014) although they 
have evident relationships with each other (Corbelle-Rico et al., 2012; Serra et al., 2014; Vidal-Macua et al., 2018; 
Weissteiner et al., 2011). Various authors advocate for integrative approaches in long-term studies, recognizing the 
social and natural coevolution of the Mediterranean landscape (Blondel, 2006). 

In the same way, it is important to understand the evolution of forest ecosystems as well as their planning (Peña-
Angulo et al., 2019), either for the sustainable management of its multiple resources, for risk prevention, such as 
wildfires and pests (Castellnou et al., 2007; Rubio-Cuadrado et al., 2021), for the forecasting of CO2 stock evolution 
or adaptation to climate change (Lindner et al., 2010). 

The evolution of forests has traditionally been studied in detail and systematised in patterns of forest type changes, 
explained by the ecological theory under different trajectories or paths, often reductionist (Walker, 2005), 
sometimes deterministic, according to the spatial and temporal scale of the study and environmental drivers 
(Estrada-Villegas et al., 2020), with facilitation steps between different stages of vegetation (Siles et al., 2008). In 
fact, the concept of succession, progressive or regressive (Ferriol and López, 2016; Margalef, 1993; Odum and 
Barret, 2006), is one of the oldest and most generalisable ecological concepts and constitutes a rich foundation for 
many ecological theories about vegetation dynamics (Pickett et al., 2009). 

In general, the evolution of forest types is classified as progressive, implying a trend towards forests with higher 
density and vegetal maturity, or the opposite, regressive, due to disturbances, deforestation, forest degradation or 
environmental changes (Buhk et al., 2006; Margalef, 1993; Uríos, 2005). It is also possible to distinguish between 
external and internal forest evolution. In the first case, involving exchanges between forest and non-forest land 
uses, and in the second case, regarding transitions within forest types. External forest evolution is closely related 
to human uses: Humans can remove forests to use the land and, on the other hand, when a human use is 
abandoned, secondary forest evolution can begin (Peña-Angulo et al., 2019). Internal forest evolution, progressive 
or regressive, depends mainly on the natural conditions of the site, although there may be human disturbances 
that, without affecting the forest nature of the land, might produce a thinning of the vegetation, such as extensive 
sheepherding or wood extraction. These activities were intensively developed during centuries until their decline, 
in accordance with the aforementioned rural transformation. 

Estimating the future evolution of forest resources in a territory requires knowing what the immediate previous 
evolution has been, in order to determine what their patterns are, not only depending on natural factors but also 
on socioeconomic ones (Verburg et al., 2010). Moreover, a large spatial and temporal scale is needed in order to 
understand the qualitative and quantitative evolution of forests and represent their general trends, beyond 
particular situations, taking into account the very diverse conditions in large territories (Martínez-Fernández et al., 
2015) and the typical slowness, from a human time perspective, in the evolution of forest types (Lasanta and 
Vicente-Serrano, 2007; Rindfuss et al., 2004). 

Studying the past trends of forest evolution allows us to predict how future forests are expected to evolve, both in 
qualitative and quantitative terms. Thus, the overall aim of this research is to understand on the main changing 
trends of land-use and land-cover types at a regional scale in a large coastal Mediterranean territory, with emphasis 
on the paths of forest evolution, during a 50-year time period, in the specific case selected. To do this, the province 
of Castelló (Valencian Region, Spain) was chosen as a representative case study of the Mediterranean region. This 
research is also strategic in the framework of a comprehensive debate around rural decline in certain areas of 
Europe and its consequences, but especially in the Iberic Peninsula (Rojas-Briales et al., 2018). 

 

2 Study area 

The province of Castelló, with an extension of 6632 km2, has a very large forest area (68%), significantly higher 
than the Valencian Region (57%) and Spain (55%). This study area, located between the latitudes 40º50’N and 
39º40’N and the longitudes 0º5’W and 0º3’E, has parallel and perpendicular mountainous alignments with each 
other and the coastline that directly condition climatology in an altitudinal gradient between sea level and 1814 
m.a.s.l. (Figure 1). 
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Figure 1. Inside the square (A), geographic location of the province of Castelló within the Western Mediterranean and the 
Valencian Region (left). Elevation map of Castelló (right). 

In Castelló, all the thermotypic horizons between the lower thermomediterranean and the upper 
supramediterranean (Allúe, 1990; Rivas-Martínez et al., 2011b) are represented, resulting in a large diversity of 
ecosystems in addition to areas with high forest maturity and productivity, dominated by wooded forests (60% of 
the forest territory). The main dominant tree species (Figure 2) in the lower lands are Pinus halepensis Miller and 
Quercus ilex L. while Pinus nigra Arnold and Pinus sylvestris L. dominate in the higher areas (CITMA, 2012). 

 

 

Figure 2. Dominant tree species in the forests of Castelló (CITMA, 2012). 

As a coastal territory with inland mountainous areas, this province has strongly experienced the depopulation 
processes in the non-coastal areas (Alo and Pontius, 2008; Valera et al., 2017) versus an increasingly populated 
urban coast (Figure 3), with a large accumulation of infrastructures also causing considerable environmental 
impacts (Olcina, 2009). In this sense, the interior of Castelló has the highest indicators of rurality in the Valencian 
Region (Solsona and López, 2012) and consequently, it is one of the Spanish territories whose imbalances between 
inland and coastal areas at a territorial and socioeconomic level are deeper. 
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Figure 3. Population density (habitants/km2) in the municipalities of Castelló in 1900, 1957 and 2007. 

Urban and coastal areas have experienced unprecedented economic and social transformations, known as 
tertiarisation (Gámir et al., 1989; Lizárraga and Chica-Olmo, 2014), i.e. a continuous shift from the primary and 
secondary sectors to the tertiary sector. Thus, the socioeconomic importance of agriculture has clearly diminished 
in the study period: while in 1960 the weight of the agricultural sector in the labor market reached 42.5% of the 
workforce, it dropped to just 3,7% in 2002. In terms of Gross Domestic Product, it dropped from 29% in 1960 
to 2.9% in 2002, showing the sharpest decline between 1960 and 1975 (Soler and Marco, 2004). 

As a consequence of forest densification caused by rural abandonment (Pausas and Fernández-Muñoz, 2012), 
forest fires have become the most important disturbances in the period. Like the rest of the Valencian Region, 
statistics from 1968 show how annual forest fires are climate dependent and have an irregular behaviour (Franco 
et al., 2019). Taking into account this irregularity, two periods are distinguishable in the trend of forest fires in 
Castelló (Ferran et al., 2003). Before 1993, the annual number of wildfires and the total area affected by them 
tended to increase. After 1993, the regime has been modified due to a significant improvement of the fire extinction 
services. As a result of this, the annual and area affected by forest fires have been greatly reduced and later stabilised, 
but the problem has moved to the increasing size of those few large fires that cannot be controlled in the first 
attempts by the extinction services, causing huge emergencies. The recurrence or repetition of fires in the period 
for which data are available is very low in the area chosen for this research (Quílez, 2019). 

 

3 Methods 

3.1 Data acquisition 

The specific information for this research was obtained from two sets of aerial images taken in an exact interval of 
50 years between them: the first, from the so-called American flight of the B series, made between July and August 
1957 by the American Army Map Service; and the second set from the digital orthophotos of the flight made 
between August and September 2007, within the Spanish National Program for Aerial Orthophoto. The technical 
characteristics and the providers of these images are presented in Table 1. 

Table 1. Characteristics of the two sets of aerial images. In the case of the 1957 image, the minimum scale and resolution are 
indicated. 

Year Organism Scale Resolution (m) 

1957 Spanish Air Force (CECAF) 1: 33000 1.0 

2007 Spanish National Program for Aerial Orthophoto 1: 5000 0.5 

 

The time span covered by both images included the period of deep socioeconomic and environmental changes 
described in the Introduction and it can be considered long enough to observe significant changes in land uses, in 



6 

general, and in forest types, in particular. Despite the differences in time and spatial resolution, the 1957 images 
proved to have adequate quality for the photointerpretation of vegetation, as evidenced in many previous studies 
based on this imaginery (García-Romero et al., 2010; Martínez-Fernández et al., 2015; Muñoz-Rojas et al., 2011; 
Teixidó et al., 2010). 

A photointerpretation was carried out by sampling in both sets of images, specifically in a network of square plots 
of 100 m on each side (1 ha). This sampling network had a systematic raster distribution and the centre of symmetry 
of each plot coincided with the crossing points of the UTM mesh of the topographic map at a scale of 1: 25000 
(ICV, 2001), with a separation of 1 km from each other, resulting in a sampling intensity of 1 ha per km2 (1%). 

3.2 Land uses and land covers: multi-temporal analysis 

A multi-temporal analysis has been applied to evaluate the territorial distribution of land-use and land-cover types 
(hereafter, LULC) and their change over time. This type of analysis allows to establish spatial change patterns and 
predict their future evolution (Arnáez et al., 2008; Magalhaes, 2009). 

Although there are some proposals for systematic and hierarchical classifications whose bases are accepted 
throughout the world and a governmental system accepted throughout Europe for large-scale use (Bossard et al., 
2000; Büttner et al., 2004), there is no complete consensus in the scientific literature on the classification by 
categories in the studies of LULC evolution. Thus, according to territorial characteristics and the specific aims in 
each study, different categories have been defined and applied. 

However, where there is a general consensus in the scientific literature is in the distinction between land-use and 
land-cover types. So, land-use types are the result of human activities that modify the land surface, while land-
cover types refer to the natural or semi-natural lands mainly dominated by biophysical processes, although there 
could exist evidence of modification by human activities (Bakker and Veldkamp, 2008; Fisher, Comber, and 
Wadsworth, 2005; Rindfuss et al., 2004). 

According to territorial characteristics and the sensitivity required, this research has implemented a classification 
(Table 2) with two levels of detail: one more general (Level I) and another more specific (Level II) with classes 
mutually exclusive (Anderson et al., 1976; Di Fazio et al., 2011; Fisher et al., 2005) and clearly identifiable. Although 
the main objective of this research was to assess the evolution of the forest types, we also took into account other 
LULC types, as there could be interchanges between any category, for example in the case of external forest 
evolution on previous human uses turned into forests. For this reason, forest types were studied in more detail, 
with a Level II scale, while for the rest of LULC types only Level I was applied. 

Table 2. Land-use and land-cover (LULC) types. Level I refers to a more general classification and Level II to a more specific 
classification. 

Covers and general uses (Level I) Specific covers (Level II) 

1. Forest types (FOR); [covers] 

1.1. Woodlands (FF); [cover] 

1.2. Shrublands (FS); [cover] 

1.3. Extensive natural grasslands and rocky outcrops (FGR); [cover] 

2. Abandoned agriculture (AA); [cover]  

3. Agriculture (AG); [use]  

4. Urban (U); [use]  

5. Other land uses and land covers (O); [mixed]  

 

In Level I, three clear LULC types were distinguished: agricultural land (AG), urban use (U) and forests land 
(FOR). Additionally, a category corresponding to abandoned agricultural crops (AA) was also included. 
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AA is a transition cover that evolves from an agricultural land towards a forest cover if the former agricultural land 
is not recultivated again (Peña-Angulo et al., 2019). As soon as agricultural land is abandoned, a ruderal vegetation, 
predominantly herbaceous and therefore with little biomass, covers the ground (see Figure 4). 
 

 

Figure 4. Agricultural lands that have been abandoned for approximately 25 years in an area with a thermomediterranean 
thermotype (left) and in an area with a supramediterranean thermotype (right) in the province of Castelló. 

Traditionally, abandoned agricultural land presents considerable problems in the way they are treated in different 
Spanish statistics and in their legal status as forest or agricultural land. As this research is focusing on LULC types 
and not plots, the consideration of AA as a transitional cover following other authors (Arnaez et al., 2011; Vadell 
et al., 2019), means that this land-cover type of Level I cannot be assigned neither to agricultural uses nor to forest 
covers. 

In Level II, three categories of forest types were included: woodlands (FF), shrublands (FS) and extensive natural 
grasslands and rocky outcrops (FGR). These forest types have been distinguished from each other by their 
vegetation structure or physiognomic forms. So, FF and FS are densely vegetated, and therefore will be named in 
this study as “dense forest covers” (or types), while FGR is a deforested cover consisting of rocky outcrops and 
natural grasslands and thus, mainly composed of herbaceous and sparse vegetation. This last cover has been 
historically related to traditional livestock activity (Soriano, 2003), and since the 1980s to wildfires (Martín et al., 
1998; Vélez, 2018). 

In any taxonomy, especially when applied on a regional scale, some cases are difficult to classify. This is due to 
their low representation level, or their difficult identification according to the scale or methodology for image 
analysis (Anderson et al., 1976), or even for other reasons like the natural heterogeneity of the Mediterranean 
landscapes (Alrababah and Alhamad, 2006). In our case, other land uses and land covers (O) included typologies 
not contained in any of the previous categories, such as beaches, reservoirs, wetlands, riverbeds, earthworks, 
landfills, quarries or riparian vegetation. 

Photointerpretation required a training period supported by fieldwork, which included the field visit of 7% of the 
first 1000 points photointerpreted on the 2007 images, as a truth-terrain, with special emphasis on visiting areas 
that could present doubts in the photointerpretation or those that could represent a peculiar landscape pattern. A 
critical evaluation and verification system for quality control was also implemented, detecting unforeseen situations 
and adapting the methodology to adjust its operation. 

In the sampling plots, land-use types appeared forming exclusive tiles and their assessment was carried out by 
measuring the surface that these tiles occupied within the plot. Instead, land-cover types could be randomly mixed 
in the same tile, and therefore to evaluate them it was necessary to use the canopy cover (CC) of each land cover. 
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To evaluate the CC of the different forest covers, we first evaluated the one corresponding to FF, adapting visual 
assessment templates (Kosztra et al., 2017; Van Laar and Akca, 2007) in order to estimate CC in 10% steps from 
5%. 

After this, CC of FS in the part of the plot not covered by FF was assessed. Unlike FF, CC of FS cannot be 
measured from individuals, since this coverage is characterised by a large number of stems, uncountable by 
photointerpretation. As a consequence, four density categories were defined, coinciding with the four quartiles of 
the CC between 0% and 100%, which were weighted in each case by the surface extension of the formation. 

The part of CC not occupied by FF or FS within the cover tile, corresponds to a herbaceous stratum, in any case 
not distinguishable from rocky outcrops by photointerpretation. Therefore, it was assigned to FGR or AA, 
depending on whether it was an old agricultural or forest plot and the characteristics of the background. 

The condition of former agricultural plots can be observed by photointerpretation, not only by the ruderal 
vegetation but also according to the typical structures of Mediterranean agriculture, such as stone walls to level the 
terrain and separate properties. These structures have been used by several authors to assess agricultural 
abandonment (Arnaez et al., 2011; Poyatos et al., 2003) and do not offer any doubt about the context of former 
agricultural uses. 

To study evolution trends, a generalisation was made and the predominant land type at each moment in each plot 
was considered as the final variable. Transition matrices were used to analyse the paths of change between 
categories (Verburg et al., 2010). Analysing them, we were able not only to evaluate evolutionary patterns but also 
to establish random and systematic transitions. A transition occurs randomly if a certain category gains from others 
in proportion to the availability of the losing classes and, at the same time, a class loses at random to other classes 
if the losses are in proportion to the size of the destination classes (Braimoh, 2006). 

Pontius et al. (2004) introduced a methodology to analyse transition matrices in order to identify signals of 
systematic change, extended by Alo and Pontius (2008). The calculation of systematic transitions is made in terms 
of gains and losses separately. So, if class i has a positive and systematic trend to lose to class j, and class j 
systematically gains from class i, then it can be concluded that there is a systematic transition process from i to j, 
whose significance and strength can be assessed. On the other hand, if both systematic trends are negative, it would 
mean a systematic resistance to the transition. 

According to Alo and Pontius (2008), to calculate the gain that would be expected in class j from class i if it happens 
randomly, Eq. 1 has been used. It considers the quantities in percentage over the total in each case. 

  (Eq. 1) 

Where: Gij is the expected transition from category i to category j due to a random process of gain, P+j – Pjj is the 
observed total gross gain of category j (final size in percentage of the category j minus the persistent amount in j), 
Pi+ is the size of the category i in the time 1, and 100 – Pj+ is the sum of the sizes of all categories except the 
category j in the time 1. 

To calculate the loss percentage that would be expected if the losses of each class occur at random, Eq. 2 has been 
used following Alo and Pontius (2008). 

  (Eq. 2) 
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Where: Lij is the expected transition from category i to category j due to a random process of loss, Pi+ – Pii is the 
observed total gross loss of category i (original size of the category i, in percentage over the total, minus the 
persistent amount in i) between the moment 1 and the moment 2, P+j is the size of category j at the moment 2 and 
100 – P+i is the sum of the sizes of all categories except the category i at the moment 2. 

To define the temporal patterns of forest evolution during the study period, systematic transitions were analysed 
in different directions (i.e., from, to and among forest types) applying transition matrices. To analyse spatial change 
patterns, we used the packages lattice (Sarkar, 2008), sp (Bivand et al., 2013), GISTools (Brunsdon and Chen, 2014) 
and networkD3 (Allaire et al., 2017) of the software R (R Development Core Team, 2014). 

 

4 Results 

4.1 LULC changes 

The total number of plots sampled in the case study area was 6651. As a result of the photointerpretation, Table 
3 shows the dominant LULC types in the sampled plots in 1957 and 2007 with the two levels of detail applied. 

Table 3. Number and percentage of general (Level I) and specific (Level II) dominant land-uses and land-cover (LULC) types 
in the sampling plots in 1957 and 2007. FOR: Forest types; FF: Woodlands; FS: Shrublands; FGR: Extensive natural grasslands 
and rocky outcrops; AA: Abandoned agriculture; AG: Agriculture; U: Urban; O: Other land uses and land covers. 

Level I Level II 
1957 2007 

Number 
of plots % Number 

of plots % 

FOR 

FF 825 12 1358 21 

FS 320 5 521 8 

FGR 2025 30 1676 25 

AA  512 8 1416 21 

AG  2880 44 1353 20 

U  23 0 213 3 

O  66 1 114 2 

Total  6651 100 6651 100 

 

The sampling error obtained with a probability of 95% differed for each LULC type, according to their frequency 
and distribution pattern (Table 4). For the forest covers, the relative sampling error was kept below 5% in all 
cases. Regarding agricultural uses, this error was also moderate, unlike urban uses and other uses and covers, where 
the larger error was associated with a much smaller area occupied in the two dates. 

The results indicate a large surface reduction in the categories related to agricultural and livestock uses, which 
represented the main land uses in 1957. Agricultural use (AG, Level I) decreases heavily from 44% of the sampling 
plots dominated in 1957 to 20% in 2007. This land use does no longer occupy most of the landscape and, 
complementary, its decline has as direct consequence a drastic increase of the transition cover of abandoned 
agricultural crops (AA, Level I), which value (21%) practically equals AG in 2007. 

On the other hand, the land cover representing natural grasslands and rocky outcrops (FGR, Level II) dropped 
from 30% to 25% though becomes the predominant LULC category in the territory. The dense forest types, 
shrubland (FS) and woodland (FF) have experienced an important increase (+12%) over abandoned agricultural 
uses and grasslands and rocky outcrops, which was especially important in the case of FF (+9%). 
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Table 4. Relative sampling error (RSE%) of the different land-use and land-cover (LULC) types, at the 95% confidence level. 
FOR: Forest types; FF: Woodlands; FS: Shrublands; FGR: Extensive natural grasslands and rocky outcrops; AA: Abandoned 
agriculture; AG: Agriculture; U: Urban; O: Other land uses and land covers. 

Level I Level II 1957 (RSE%) 2007 (RSE%) 

FOR 

FF 4.3 3.2 

FS 3.5 2.7 

FGR 2.8 2.9 

AA  8.1 3.9 

AG  2.7 4.5 

U  38.2 12.5 

O  21.7 17.2 

 

The evolution of the urban land use (U) displays a significant increase in relative terms (from less than 1% in 1957 
to 3% in 2007), but its absolute importance in the landscape is testimonial in comparison to the agricultural and 
forest cover types because its distribution is geographically concentrated, mainly along the coastal plains (Figure 
5). 

 

Figure 5. Spatial distribution of urban land-use change (urban plots that persist as urban and new urban areas) in the province 
of Castelló between 1957 and 2007. 

The changes among the dominant LULC types in each plot are reflected in the transition matrix (Table 5), where 
the absolute transaction numbers between categories for the 50-year time period can be observed. Furthermore, 
Table 5 presents the data standardised with the percentage of the initial amount of each category, which indicates 
the importance of each change path. Finally, Table 6 presents the exchanges in percentage referred to the final 
amount, indicating the origin of each plot dominated by each category in 2007. 

Urban land use (U) and other land uses and land covers (O) present the highest standardised persistence during 
the 50-year time period (100% and 88%, respectively), while the agricultural land use (AG) has the lowest (45%), 
because of its large abandonment without any other alternative use (Table 5), which affected 48% of the plots 
with agricultural land use in 1957. 
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Table 5. Transition matrix of the dominant land-use and land-cover (LULC) types in the plots sampled from 1957 and 2007 
images. In brackets, relative transition changes (row percentages). FF: Woodlands; FS: Shrublands; FGR: Extensive natural 
grasslands and rocky outcrops; AA: Abandoned agriculture; AG: Agriculture; U: Urban; O: Other land uses and land covers. 

  2007 
  FF FS FGR AA AG U O Total 

19
57

 

FF 679 (82) 21 (3) 116 (14) 6 (1) 3 (0) 0 (0) 0 (0) 825 (100) 

FS 35 (11) 222 (69) 48 (15) 3 (1) 8 (3) 2 (1) 2 (1) 320 (100) 

FGR 335 (17) 181 (9) 1463 (72) 6 (0) 20 (1) 14 (1) 6 (0) 2025 (100) 

AA 128 (25) 40 (8) 17 (3) 276 (54) 34 (7) 6 (1) 11 (2) 512 (100) 

AG 179 (6) 56 (2) 30 (1) 1125 (39) 1287 (45) 166 (6) 37 (1) 2880 (100) 

U 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 23 (100) 0 (0) 23 (100) 

O 2 (3) 1 (2) 2 (3) 0 (0) 1 (2) 2 (3) 58 (88) 66 (100) 

Total 1358 521 1676 1416 1353 213 114 6651 

 

Table 6. Relative transition matrix of changes (column percentages on the 2007 amount) between dominant land-use and 
land-cover (LULC) types. FF: Woodlands; FS: Shrublands; FGR: Extensive natural grasslands and rocky outcrops; AA: 
Abandoned agriculture; AG: Agriculture; U: Urban; O: Other land uses and land covers. 

  2007 

  FF FS FGR AA AG U O 

19
57

 

FF 50 4 7 0 0 0 0 

FS 3 43 3 0 1 1 2 

FGR 25 35 87 0 1 7 5 

AA 9 8 1 19 3 3 10 

AG 13 11 2 79 95 78 32 

U 0 0 0 0 0 11 0 

O 0 0 0 0 0 1 51 

Total 100 100 100 100 100 100 100 

 

Figure 6 presents a Sankey diagram of the changes among LULC types between 1957 and 2007. There you can 
see the significant agricultural decline that has taken place, taking into account its previous territorial importance, 
as well as the rest of the changes that have been described.  

The results show how the transitional land use of abandoned crops (AA) preexisting in 1957 has even a higher 
standardised persistence (54%) than the agricultural land uses. Still, this land use has been partly colonised by 
forests (36% of the 1957 plots), mainly by woodlands (25%) and only a small part of the abandoned agricultural 
uses in 1957 (7%) has been recultivated with agricultural crops in the 50-year time span. 

Remarkable persistence was also observed in the forest types (woodlands FF 82%, grasslands and rocky outcrops 
FGR 72%, and shrublands FS 69%). But beyond this, the dense forests (woodlands and shrublands, Level II) 
experienced very significant growth, as evidenced by the fact that only slightly less than half of the plots dominated 
by these covers in 2007 were dominated 50 years earlier by them (50% of woodlands FF and 43% of shrublands 
FS). 
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The overall increase in dense forest cover observed in the results can be divided into two components. Firstly, 
external forest evolution observed in the percentage of non-forestry categories in 1957 that has evolved towards 
forests until 2007 (36% of the plots categorised in 1957 as AA, 9% as AG and 8% as O). This results in an 
important absolute increase in the total forest area, according to the large initial area of these categories, especially 
AG. 

 

Figure 6. Sankey diagram of the absolute flow of plots associated with the different land-use and land-cover (LULC) types 
between 1957 and 2007. Note that the width of the lines is proportional to the number of plots represented (from the 
narrowest lines representing 0 exchange of plots between types to the widest line, which specifically represents the largest 
destination of 1463 plots of FGR in 1957 to FGR in 2007). The exact value of each transition change can be consulted in 
Table 5. FF: Woodlands; FS: Shrublands; FGR: Extensive natural grasslands and rocky outcrops; AA: Abandoned agriculture; 
AG: Agriculture; U: Urban; O: Other land uses and land covers. 

Secondly, the internal evolution in the existing forests can be also clearly observed, although in this case, it has a 
double sense. On the one hand, this consists of a densification or progressive forest evolution to dense forest types 
affecting 26% of the FGR in 1957, more towards woodlands FF (17%) than to shrublands FS (9%). On the other 
hand, regressive forest evolution as the opposite path is followed by a smaller number of plots in absolute numbers, 
although in relative terms it meant important values due to the lower initial representation of these categories (14% 
of woodlands, FF, and 15% of shrublands, FS). Exchanges between dense forest types are lower from FF to FS 
in absolute and relative terms (3%) than in the opposite direction (11%). 
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Figure 7. Abandoned agriculture cover (AA) and Level II dominant forest covers (FF: woodlands; FS: shrublands; FGR: 
extensive natural grasslands and rocky outcrops) in the plots in 1957 (left) and 2007 (right). “Rest of LULC” refers to the rest 
of land-use and land-cover categories not considered in this assessment. 

Figure 7 presents the distribution of the dominant land-cover types in the case study area in both moments. The 
spatial patterns of the external and internal forest evolution can be observed on a large scale. Starting from a 
distribution restricted to the southern part of the province in 1957, AA spread throughout the territory in 2007. 
Likewise, the expansion of forests (mainly FF and FS) over a wide area can be also observed, although in the case 
of FS, there was mainly a pattern of coastal and pre-coastal distribution. 

4.2 Random and systematic transitions 

The expected transitions between categories of land-use and land-cover types have been compared with those 
produced in terms of gains (Table 7) and losses (Table 8). The upper left parts of each table indicate the 
relationships among the forest covers and the covers in transit to a forest cover, which allow us to analyse the 
systematic patterns of forest evolution. 

Regarding internal forest evolution, some trends of systematic change between grasslands and rocky outcrops 
(FGR) and woodlands (FF) and shrublands (FS) can be observed, both progressive and regressive. The progressive 
changes occur in a larger number of plots (5.04% from FGR to FF and 2.72% from FGR to FS) than regressive 
ones (1.74% from FF to FGR and 0.72% from FS to FGR). No systematic trends of change can be found between 
both dense forest types (FF and FS). 

In external forest evolution, the strong systematic trend of dense forest types (especially FF) to grow over 
abandoned agricultural crops can be seen (ratio between difference and expected pass from AA to FF, 1.15 in 
terms of gains and 1.09 in terms of losses) and the systematic resistance to pass from any non-forest category to 
FGR can also be observed (negative ratios between difference and expected pass in terms of gains and in terms of 
losses in the pass from all of them to FGR). Furthermore, the obtained results indicate that, in general terms, there 
is also no systematic trend to replace forest with any other non-forest land use, but rather there is a systematic 
resistance to the replacement of FF and FGR by any other non-forest category. 

Concerning the non-forest categories, the main systematic trends during the period confirm the general loss of 
agricultural uses (AG) and the gain of urban uses (U) mentioned before. Agricultural uses tend systematically to 
be abandoned (transition to AA, 16.91% of plots) without any opposite systematic trend. 
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Table 7. Matrix of the percentage of change in terms of gains. The first value (in bold) refers to the observed percentage of 
change between categories; the second value (in italics), to the expected percentage of change if the change process were 
random; the third value (in brackets), to the observed value minus the expected one; and the fourth value (in square brackets), 
to the ratio between the previous value and the expected one. FF: Woodlands; FS: Shrublands; FGR: Extensive natural 
grasslands and rocky outcrops; AA: Abandoned agriculture; AG: Agriculture; U: Urban; O: Other land uses and land covers. 

 2007         
 FF FS FGR AA AG U O 1957 Loss 

1957          
FF 10.21 0.32 1.74 0.09 0.05 0.00 0.00 12.40 2.20 

 10.21 0.59 0.57 2.30 0.22 0.36 0.11 14.35 4.14 
 (0.00) (-0.27) (1.17) (-2.21) (-0.17) (-0.36) (-0.11) (-1.94) (-1.94) 
 [0.00] [-0.46] [2.05] [-0.96] [-0.79] [-1.00] [-1.00] [-0.14] [-0.47] 
          

FS 0.53 3.34 0.72 0.05 0.12 0.03 0.03 4.81 1.47 
 0.56 3.34 0.22 0.89 0.08 0.14 0.04 5.28 1.94 
 (-0.03) (0.00) (0.50) (-0.85) (0.04) (-0.11) (-0.01) (-0.47) (-0.47) 
 [-0.06] [0.00] [2.26] [-0.95] [0.43] [-0.78] [-0.27] [-0.09] [-0.24] 
          

FGR 5.04 2.72 22.00 0.09 0.30 0.21 0.09 30.45 8.45 
 3.55 1.44 22.00 5.65 0.53 0.87 0.26 34.30 12.30 
 (1.49) (1.28) (0.00) (-5.56) (-0.23) (-0.66) (-0.17) (-3.85) (-3.85) 
 [0.42] [0.89] [0.00] [-0.98] [-0.44] [-0.76] [-0.65] [-0.11] [-0.31] 
          

AA 1.92 0.60 0.26 4.15 0.51 0.09 0.17 7.70 3.55 
 0.90 0.36 0.35 4.15 0.13 0.22 0.07 6.19 2.04 
 (1.03) (0.24) (-0.10) (0.00) (0.38) (-0.13) (0.10) (1.51) (1.51) 
 [1.15] [0.65] [-0.28] [0.00] [2.79] [-0.59] [1.53] [0.24] [0.74] 
          

AG 2.69 0.84 0.45 16.91 19.35 2.50 0.56 43.30 23.95 
 5.05 2.05 1.99 8.04 19.35 1.24 0.37 38.09 18.74 
 (-2.36) (-1.20) (-1.54) (8.87) (0.00) (1.25) (0.19) (5.22) (5.22) 
 [-0.47] [-0.59] [-0.77] [1.10] [0.00] [1.01] [0.51] [0.14] [0.28] 
          

U 0.00 0.00 0.00 0.00 0.00 0.35 0.00 0.35 0.00 
 0.04 0.02 0.02 0.06 0.01 0.35 0.00 0.49 0.15 
 (-0.04) (-0.02) (-0.02) (-0.06) (-0.01) (0.00) (0.00) (-0.15) (-0.15) 
 [-1.00] [-1.00] [-1.00] [-1.00] [-1.00] [0.00] [-1.00] [-0.30] [-1.00] 
          

O 0.03 0.02 0.03 0.00 0.02 0.03 0.87 0.99 0.12 
 0.12 0.05 0.05 0.18 0.02 0.03 0.87 1.31 0.44 
 (-0.09) (-0.03) (-0.02) (-0.18) (0.00) (0.00) (0.00) (-0.32) (-0.32) 
 [-0.74] [-0.68] [-0.34] [-1.00] [-0.13] [0.06] [0.00] [-0.24] [-0.73] 
          

2007 20.42 7.83 25.20 21.29 20.34 3.20 1.71 100.00 39.74 
 20.42 7.83 25.20 21.29 20.34 3.20 1.71 100.00 39.74 
 (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) 
 [0.00] [0.00] [0.00] [0.00] [0.00] [0.00] [0.00] [0.00] [0.00] 
          

Gain 10.21 4.50 3.20 17.14 0.99 2.86 0.84 39.74  
 10.21 4.50 3.20 17.14 0.99 2.86 0.84 39.74  
 (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)  
 [0.00] [0.00] [0.00] [0.00] [0.00] [0.00] [0.00] [0.00]  
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Table 8. Matrix of the percentage of change in terms of losses. The first value (in bold) refers to the observed percentage of 
change between categories; the second value (in italics), to the expected percentage of change if the change process were 
random; the third value (in brackets), to the observed value minus the expected one; and the fourth value (in square brackets), 
to the ratio between the previous value and the expected one. FF: Woodlands; FS: Shrublands; FGR: Extensive natural 
grasslands and rocky outcrops; AA: Abandoned agriculture; AG: Agriculture; U: Urban; O: Other land uses and land covers. 

 2007         
 FF FS FGR AA AG U O 1957 Loss 

1957          
FF 10.21 0.32 1.74 0.09 0.05 0.00 0.00 12.40 2.20 

 10.21 0.22 0.70 0.59 0.56 0.09 0.05 12.40 2.20 
 (0.00) (0.10) (1.05) (-0.50) (-0.52) (-0.09) (-0.05) (0.00) (0.00) 
 [0.00] [0.46] [1.51] [-0.85] [-0.92] [-1.00] [-1.00] [0.00] [0.00] 
          

FS 0.53 3.34 0.72 0.05 0.12 0.03 0.03 4.81 1.47 
 0.33 3.34 0.40 0.34 0.33 0.05 0.03 4.81 1.47 
 (0.20) (0.00) (0.32) (-0.30) (-0.20) (-0.02) (0.00) (0.00) (0.00) 
 [0.61] [0.00] [0.79] [-0.87] [-0.63] [-0.41] [0.10] [0.00] [0.00] 
          

FGR 5.04 2.72 22.00 0.09 0.30 0.21 0.09 30.45 8.45 
 2.31 0.88 22.00 2.41 2.30 0.36 0.19 30.45 8.45 
 (2.73) (1.84) (0.00) (-2.31) (-2.00) (-0.15) (-0.10) (0.00) (0.00) 
 [1.18] [2.08] [0.00] [-0.96] [-0.87] [-0.42] [-0.53] [0.00] [0.00] 
          

AA 1.92 0.60 0.26 4.15 0.51 0.09 0.17 7.70 3.55 
 0.92 0.35 1.14 4.15 0.92 0.14 0.08 7.70 3.55 
 (1.00) (0.25) (-0.88) (0.00) (-0.41) (-0.05) (0.09) (0.00) (0.00) 
 [1.09] [0.70] [-0.78] [0.00] [-0.44] [-0.38] [1.14] [0.00] [0.00] 
          

AG 2.69 0.84 0.45 16.91 19.35 2.50 0.56 43.30 23.95 
 6.14 2.36 7.58 6.40 19.35 0.96 0.52 43.30 23.95 
 (-3.45) (-1.51) (-7.13) (10.51) (0.00) (1.53) (0.04) (0.00) (0.00) 
 [-0.56] [-0.64] [-0.94] [1.64] [0.00] [1.59] [0.08] [0.00] [0.00] 
          

U 0.00 0.00 0.00 0.00 0.00 0.35 0.00 0.35 0.00 
 0.00 0.00 0.00 0.00 0.00 0.35 0.00 0.35 0.00 
 (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) 
 [-] [-] [-] [-] [-] 0.00 [-] [0.00] [-] 
          

O 0.03 0.02 0.03 0.00 0.02 0.03 0.87 0.99 0.12 
 0.02 0.01 0.03 0.03 0.02 0.00 0.87 0.99 0.12 
 (0.01) (0.01) (0.00) (-0.03) (-0.01) (0.03) (0.00) (0.00) (0.00) 
 [0.20] [0.57] [-0.02] [-1.00] [-0.40] [6.67] [0.00] [0.00] [0.00] 
          

2007 20.42 7.83 25.20 21.29 20.34 3.20 1.71 100.00 39.74 
 19.93 7.16 31.84 13.91 23.48 1.96 1.73 100.00 39.74 
 (0.49) (0.68) (-6.64) (7.38) (-3.13) (1.24) (-0.02) (0.00) (0.00) 
 [0.02] [0.09] [-0.21] [0.53] [-0.13] [0.64] [-0.01] [0.00] [0.00] 
          

Gain 10.21 4.50 3.20 17.14 0.99 2.86 0.84 39.74  
 9.72 3.82 9.84 9.76 4.13 1.61 0.86 39.74  
 (0.49) (0.68) (-6.64) (7.38) (-3.13) (1.24) (-0.02) (0.00)  
 [0.05] [0.18] [-0.67] [0.76] [-0.76] [0.77] [-0.02] [0.00]  
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5 Discussion 

The results obtained are based on a sampling error that remained below 5% for the estimation of the land-use and 
land-cover (LULC) types. This moderate error validates the methodology used for the case study at a regional 
scale, both in terms of the sampling effort (1%) and the distribution of the plots, according to diverse studies 
(Casals et al., 2005; Di Fazio et al., 2011; Vallejo, 2018, 2005; Villanueva, 2005) and to Ambrosio and Alonso 
(1993), who indicated that systematic distribution is optimal to sample a vast area without previous stratification. 

These results show the territorial relevance of agricultural uses and grasslands in the 1950s, in accordance with the 
historical importance of Mediterranean agriculture (Garrabou, 2006) and the strong weight of extensive livestock 
in the study area, as well as its influence in shaping the general Mediterranean landscape over centuries (Royo, 
2011; Soriano, 2003). The constant agricultural and livestock abandonment during the second part of the 20th 
century (Collantes, 2007) can also be observed in the results. This significant trend leads to a very important 
increase in forest growth, both external, over abandoned agricultural uses, and internal, through densification of 
forest covers (Casals et al., 2005; Cervera et al., 2015; Villanueva, 2005). 

Interchanges between agricultural land uses and forests are detectable in photointerpretation by the rapid 
appearance of a transitional cover (AA) when the crop is abandoned, or otherwise, by a new agricultural use when 
it is settled. Instead, the effects of the decrease in extensive livestock activity on forest vegetation are indirectly 
observed by the densification of forests and the loss of deforested spaces (internal forest evolution), since there is 
not any identifiable transition cover in the comparison between the figures of 1957 and 2007. 

Systematic trends demonstrate the strength of external forest growth, contrasting with systematic resistances in 
the opposite direction. This systematic forest colonisation is made exclusively by woodlands and shrublands over 
abandoned former agricultural crops, similarly with other authors (Lasanta and Vicente-Serrano, 2007; Rindfuss et 
al., 2004). In parallel, the lack of capacity of the grasslands for external forest expansion or to occupy new non-
forest spaces is evidenced in the obtained results. There is also no systematic trend to replace former existing 
forests with any other non-forest land use, but rather there is a systematic resistance to the replacement of 
woodlands and grasslands by any other non-forest land use. This indicates the irreversibility of external forest 
growth during the analysed 50 years, without any contrary systematic trend. 

In the internal forest evolution, the general growth has also been made by woodlands and shrublands, over 
grasslands, accordingly with the general progressive trend of internal densification observed. But there is also a 
systematic regressive trend in the opposite direction. This regressive forest evolution in the period would have 
been caused mainly by wildfires, which represent in the case study area episodic but very intense disturbances 
causing regressive paths (Vázquez and Rodriguez-Martin, 2008; Vélez, 2000). 

Regarding the paths of forest evolution, shrublands and woodlands follow different pathways, colonising separately 
grasslands and former agricultural crops, without being consecutive. There is neither representative nor systematic 
relationships between shrublands and woodlands in any regressive or progressive path and their exchanges are 
insignificant in both absolute and relative terms. This lack of relationship between shrublands and woodlands can 
be explained in various ways. Attending to the different spatial distribution patterns of both forest types (Figure 
7), the remoteness of the seeds or the different environmental conditions, closely related to geographical factors 
(Costa, 1987), according to the different species distribution preferences (Guisan and Thuiller, 2005), could be the 
main reason to explain it in some cases. Other authors focus on the competitive relationships for the space 
occupation between species (Pearman et al., 2008) or the natural regeneration niche (Marañón et al., 2004). In any 
case, it means a double path for progressive and regressive forest evolution, both external and internal, that 
contradicts the theory of linear ecological succession regarding the facilitation stages between shrublands and 
woodlands (McIntosh, 1986), specifically cited in the Mediterranean basin at a scale of forest formation (Rivas-
Martínez et al., 2011a; Siles et al., 2008; Zamora et al., 2008). 

Despite the general increase of both shrublands and woodlands, the high persistence of the two main losing covers 
in internal and external forest evolution (72% of grasslands and rocky outcrops and 54% of abandoned agricultural 
crops), shows that forest evolution is a slow process (Lasanta and Vicente-Serrano, 2007; Molinillo et al., 1997) 
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and its detailed study requires a broad time scale like we could perform in this research. The reasons for this 
slowness can be diverse. 

In the case of abandoned agricultural crops some authors point out the remoteness of the forest seeds as the main 
reason (Rey et al., 2008) and some other authors highlight the need for an edaphic maturation process due to the 
low soil fertility for forest covers after agricultural abandonment (Lasanta and Vicente-Serrano, 2007). 

Regarding grasslands and rocky outcrops, we must take into account the disturbances that have favoured this land 
cover, such as the wildfires in the period of study, but mainly the extensive secular grazing carried out intensely 
between the 15th and 20th centuries in the case study area (Royo, 2011; Soriano, 2003). This caused a total removal 
of woody vegetation (Molinillo et al., 1997), generating a cultural landscape with a deep soil degradation due to the 
continuous trampling of cattle (Sánchez et al., 2000). Consequently, this land cover (FGR) includes many areas 
with modest potential for forest evolution, often affected by heavy erosion processes when are placed on steep 
slopes and on materials vulnerable to this phenomenon (Rubio, 1989). 

As indicated in the Introduction, some authors clearly distinguish the processes of change among LULC types in 
those depending on socioeconomic and environmental processes (Bakker and Veldkamp, 2008; Rindfuss et al., 
2004; Serra et al., 2014), although they have evident relationships with each other (Corbelle-Rico et al., 2012; Vidal-
Macua et al., 2018). In this sense, land abandonment of a plot is a change that depends on socioeconomic factors 
(that implies the stopping of the crop) resulting in AA, whose forest evolution (that can result in the predominance 
of a forest cover in the plot), is dependent on ecological factors. 

The major persistence of AA in respect of the agricultural uses (54% versus 45%) confirms that processes of 
change between LULC types depending on ecological factors work, in general, on larger spatial and temporal scales 
(Levin, 1992) in comparison with those based on socioeconomic factors. 

Notwithstanding the general slowness in forest evolution, some differences in the evolution speed are observed. 
Although there was a systematic resistance to direct transition from agricultural uses to forests, in external forest 
evolution we can observe a larger surface dominated by agricultural use in 1957 that changed directly to forests in 
2007 (530 ha, 9% of plots categorised as agricultural land in 1957), without being captured by the transition cover 
in any of the images, in relation to those that changed from already abandoned crops in 1957 (370 ha, 36% of plots 
categorised as abandoned crops in 1957). This apparent paradox shows, on the one hand, the importance of taking 
into account the initial and final quantities of each category in the analysis of systematic change trends. On the 
other hand, it also shows that the forest evolution speed can change according to the environmental conditions of 
each plot since the time of abandonment may not fully explain the secondary forest succession processes and, in 
some cases, it may not be even its main explanatory factor (Peña-Angulo et al., 2019). 

According to many authors, climate has become more unpredictable and extreme (Alpert et al., 2002; Giorgi and 
Lionello, 2008; Tramblay and Somot, 2018) in the Mediterranean basin, where the drought is the main limiting 
factor for vegetation. However, the way how this new climate condition will affect forest evolution is a matter of 
discussion. Some authors affirm that intensification of drought conditions in the southern Mediterranean basin in 
the last decades of the 20th century increased tree stand mortality for Pinus halepensis and other forest species and 
this phenomenon will increase in the future (Sarris et al., 2011). On the contrary, some studies assert that climate 
change has less influence than forest evolution for lack of management on the production of these Mediterranean 
forests and could even have a positive effect on their net primary productivity (Simioni et al., 2020). The resistance 
of Mediterranean forests to drought must be taken into account since in the most extreme situations, forests 
dominated by Pinus halepensis have been able to stop the desertification process (Choury et al., 2017). The evolution 
of forests dominated by Pinus halepensis in the study period in Castelló have presented the trend to expand especially 
towards the available dryer areas (Delgado-Artés, 2015). 

Deep knowledge of the Mediterranean forest evolution is essential for its future sustainable management, planning 
the use of resources and preventing the risks related to the vicious circle formed by the abandonment of 
agroforestry management and climate change (Guadilla-Sáez et al., 2019; Van Leeuwen et al., 2019). Regarding 
this, the disturbance regime should also be taken into account for any forecast on forest evolution. In a current 
context of lack of agricultural and livestock pressure in large areas of the Mediterranean basin, the regressive forest 
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evolution is mainly caused by wildfires, but also by pests and windthroughs (Castellnou et al., 2007; Rubio-
Cuadrado et al., 2021). However, these natural disturbances have not been capable enough to counteract the 
expansion and growth of the Mediterranean forest in the study area and period, but only to slow down its general 
increase. 

Nevertheless, the fact of acquiring progressively more forest area due to these processes of forest evolution should 
not be considered as an advantage in an exclusive way (Otero et al., 2013). The farming abandonment that leads 
to this increase of forests also entails a general abandonment of forest management. The extension of continuous 
vast forests that accumulate more and more biomass exposed to fire, the loss of the agroforestry cultural mosaic 
in the territory, and the extreme conditions of drought and high temperatures derived from climate change make 
the risk of large wildfires grow worryingly for the Mediterranean forests (Cervera et al., 2019), with the consequent 
risk for human lives, ecosystems, biodiversity, infrastructures and livelihoods in Mediterranean rural areas. 

Some authors consider the consequences of the rural abandonment of the second part of the 20th century as the 
greatest historically known transformation in the Spanish rural landscape, since human management has 
disappeared from wide spaces in a process of rupture of the traditional management and social structures 
maintained for centuries (Bauer, 2003; Gil et al., 2007; Moreno, 2007; Royo, 2011; Sevilla, 2008). In fact, forest 
policy in Spain, as in many other Mediterranean countries, has shifted from a primary socioeconomic perspective, 
providing rural employment and ensuring the supply of wood, to an environmental one since the mid-1980s, in 
unresolved tensions between both approaches (Rojas-Briales et al., 2018). 

Additionally to its environmental effects, this landscape transformation involves many other different and complex 
effects to deal with (Weissteiner et al., 2011). From a spatial perspective, a new paradigm has emerged, where the 
former dominant agricultural uses have been and continue being replaced by forest covers in the rural areas. 
Besides, processes of land-use intensification linked to human activities are being developed in urban and coastal 
areas, deepening in the rural-urban dichotomy in Spain, with many undesirable consequences (Serra et al., 2014). 

In the face of this new territorial paradigm, new and cross-cutting responses are needed, and important benefits 
can be obtained from them (Renwick et al., 2013). Land abandonment concerns policymakers due to its negative 
social, economic and environmental effects (Moravec and Zemeckis, 2007), requiring an integrated approach to 
rural development aligned with the specific context within each area, with special emphasis on addressing the deep 
territorial imbalances in facilities and infrastructures between the interior and the coast in this region (Lacruz et al., 
2020; Vera, 1994). Political mitigation measures can be optimised when decision-makers know the kind and 
intensity of the changes affecting the specific areas (Weissteiner et al., 2011), integrating traditional top-down policy 
with bottom-up identification of the most urgent problems and the most feasible solutions (Van Leeuwen et al., 
2019). 

In the specific case of Spain, the polarization of the current population in small coastal strips and few urban centres 
in non-coastal areas (e.g. Madrid) has been especially intensive and has provoked a broad recent social debate in 
which changes in land uses described in this article and the future mission of the new forest land is one of a long 
list of items. In fact, a great overlap exists between forest land and the most depopulated areas (Rojas-Briales et 
al., 2018). 

In a predominantly urban society, shocking images of large forest fires have sparked fear of forest loss, as icons of 
lost nature. The political reaction has been, on the one hand, a disproportionate attention to fire suppression and 
on the other hand, the increasing of formal protected areas (Rojas Briales, 2019). The erroneous response given to 
the fires is symptomatic of a totally disconnected new narrative about forests from their origin and the recent 
evolution to their risks, while the overprotection of the territory limits future opportunities for the few who still 
maintain primary activities in those areas (Galiana et al., 2013; Pau Costa Fundation, 2016). 

Under these circumstances, it is necessary to highlight the need to ensure broad, effective and sustainable forestry 
management practices of Mediterranean forests, tackling current risks and unlocking their benefits (Verkerk et al., 
2018). Sustainable forest management comprises of multiple cross-cutting effects in the structuring of rural 
societies and their economies, being considered essential in responding to new challenges in the context of climate 
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change, such as the bioeconomy and the enhancement of the vast potential of environmental services of the 
Mediterranean forests (EFI, 2009; Falcone et al., 2020; Varela et al., 2020). 

6 Conclusions 

The use of 1% photointerpretation sampling and multi-temporal analysis techniques has allowed us to study the 
evolution trends of land-use and land-cover types on a wide spatial and temporal scale under Mediterranean 
conditions, specifically in the province of Castelló (Valencian Region, Spain) during the most intensive known land 
abandonment phase (1957–2007). Applying this methodology, two processes have shown to be important in the 
territory: (i) agricultural abandonment, and (ii) forest expansion as a consequence of it. Furthermore, these 
processes have proven to be strong, systematic and irreversible under the conditions described. 

At the scale of forest formations, the relative strength of the evolution paths has been assessed, as well as the 
resistances between them, which made it possible to draw a map of forest evolution. A double path of forest 
evolution has been evidenced, external and internal, progressive and regressive. No systematic relationships 
between shrublands and woodlands were found in any direction, and their exchanges were negligible both in 
absolute and relative terms, in contrast to some existing theories about linear forest succession under 
Mediterranean conditions, referring to facilitation stages between shrubs and trees. 

In this evolution process, the external increase of forests showed a strong and systematic trend, with a clear 
systematic resistance to reversibility, consisting of the colonisation of agricultural abandoned spaces by shrubs and 
especially trees, according to the aforementioned double path. Due to the difference in velocity between the two 
processes, i.e., land abandonment and forest colonisation and evolution, there is a large stock of spaces dominated 
by the transitional cover of agricultural abandoned lands. Owing to this, it is foreseeable that in the absence of a 
change in the current socioeconomic cycle, which is unlikely according to different authors, the external increase 
of forests will continue in the future. 

The internal forest evolution showed a strong systematic trend to densification, according to the previously 
established alternative double path. However, differently than external evolution, this double path was not 
unidirectional, but also reversible. Systematic regressive trends of evolution were identified, but they were weaker 
than progressive ones. The reversibility of forest densification is mainly due to the largest disturbance agents of 
the forest covers, i.e., wildfires. 

The speed of the forest evolution processes described could be discussed depending on the scale and the 
particularities of each area. In fact, in this case study, different evolution speeds of the forest types have also been 
identified, which may depend on site conditions, whose specific soil and climatic factors should be further studied 
at a local scale. The clear trend of the general progressive evolution of the forests that has been measured is the 
result of the large temporal and spatial scale applied, beyond local singularities. This scale incorporates the 
management, disturbances and climatic circumstances of a long study period, where socioeconomic changes -rural 
abandonment- have been the most important, beyond environmental changes. 

Future predictions on both the external and internal evolution of forests, will have to take into account 
socioeconomic and environmental scenarios. On the one hand, socioeconomic context is not foreseeable to change 
in the sense of recovery of agricultural uses and therefore, unidirectional external forest increase is expected to 
continue over agricultural abandoned covers. On the other hand, future balance and velocity in the -bidirectional- 
internal forest evolution will depend on the future evolution of the disturbance regime, which will be conditioned 
by environmental changes. 

Beyond forecasting the future, the described process and its consequences has already brought a new paradigm, 
where human uses are no longer those that structure the territory but rather the forest covers. A dramatic change 
in landscape use is about to culminate after 150 years in which most areas of the northern Mediterranean have 
moved from a predominantly primary economy based on agriculture and pastoralism, to a concentrated and 
urbanized society characterized by a marginal primary sector. This supposes a hitherto unknown territorial 
predominance of forest cover without a clear mission or use and increasingly threatened by forest fires. Unique 
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exceptions are found on the coastal edge and the narrow plains existing there, with optimal conditions for intensive 
agriculture, although they are highly affected by urban uses. 

This new situation has multiple, complex and important economic, social and environmental consequences and 
challenges, which should be faced urgently in an integrated manner, including the cross-cutting risks that derive 
from it, while managing spatial resources, especially the forest ones, in a sustainable way. 

Eventually, the emerging debate could place forestry policy as a pillar of spatial cohesion not only in this part of 
the world but in many others. However, as recognized in many international forums during the past decade (FAO, 
2014), capturing the contribution of forests to rural livelihoods has been very elusive without reliable and 
comparable information. Research-based statistics capable of showing the importance of the forestry value chain, 
including informal activities in spatial terms, are crucial. Understanding the driving role of forestry as well as its 
contribution to social resilience in sparsely populated areas is vital for future policy. Finally, different forest 
management scenarios and their spatial effects on livelihoods or risks such as forest fires and their results on 
carbon stocks and watershed services, can illustrate future policies tailored to sparsely populated areas. 
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