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Abstract: This work aims to provide a comprehensive, wall-to-wall analysis of land use/cover
changes in the continental areas of Portugal and Spain between 1990 and 2012. This overall objective
is developed into two main research questions: (1) Whether differences between the extent and
prevalence of changes exist between both countries and (2) which are the hotspots of change (areas
where a given land use/cover transition dominates the landscape) in each country. We used Corine
Land Cover in three different points in time (1990, 2000, 2012) to explore eight characteristic land
cover transitions and carried out a cluster analysis at LAU2 level (municipalities in Spain, parishes
in Portugal) that allowed to identify the areas in which each transition was dominant. The main
findings include the decline of agricultural area and the increase of urbanized and artificial covers in
both countries, but different trends followed by forest cover, with an increase in Spain and a decrease
in Portugal. At the same time, the spatial analysis provided an overview of the main gradients of
change related to tensions between agricultural intensification—extensification, on the one hand, and
deforestation—afforestation, on the other.

Keywords: land use/cover change; Corine Land Cover; Iberian Peninsula; cluster analysis;
intensification; afforestation; extensification; urbanization; afforestation; deforestation

1. Introduction

In the turn of the twentieth century, major land use/cover changes took place in Europe. Among
their known drivers were societal changes affecting mountain communities, globalization and major
policy/institutional changes, such as the collapse of former socialist regimes and the reforms of the
European Common Agricultural Policy [1-3]. These transformations have affected most of the more
common (in terms of area) land uses/covers, but abandonment of farmland is probably the change that
affected a larger area in the European landscapes [4]. For the most part, land use/cover changes are
the most visible face of a constant trend of adjustment followed by land systems that also encompasses
changes in land use intensity. Although the first could be said to be more drastic and reflect in more
important changes in the levels of goods and services provided by the landscape, the latter are arguably
more silent but also relevant. Nevertheless, published evidence suggests that land use intensity has
become rather stable in Europe [5] or that, at least, input and output intensity in the farming sector are
increasingly decoupled [6]. Occupation of former agricultural land by urbanization is also a matter of
concern [7].

With regard to the implications derived from the adjustment of agricultural land uses, these
are usually coupled to environmental and landscape-type risks [8,9]. Intensification of agricultural
practices is known to be linked to the use of pesticides and fertilizers, locally increasing the levels
of human appropriation of net primary production (HANPP) [10] and favoring the degradation of
soils that are increasingly technological [2,6]. In the areas of southern Europe this is often associated
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to overexploitation of water resources and the advance of desertification [11]. On the contrary, the
decrease in productive capacity and the marginalization of remote areas [3,12] has caused a general
increase in biomass [13] which often couples to increased risk of wildfires [14,15]. Agricultural
extensification and eventual abandonment of previously cultivated farmland is also closely related to
the loss of traditional agricultural systems, structures and practices in the countryside, mostly affecting
agrarian landscapes and the economic sustainability of certain regions [4,16].

Very much related to what happened to agricultural areas, forest cover has increased steadily in
most European Member States [17-19]. Nevertheless, deforestation can be still locally important as
a result of forest fires in southern countries such as, for example, Spain, France, Portugal, Croatia or
Greece [15,20,21]. Human pressure has increased forest fragility [22], but in spite of active logging and
extreme climatic events, forest biomass is on the rise in these countries, also contributing to the risk of
wildfires [23].

The relative importance of these and other land use/cover changes varies among different
countries in the European Union. For example, urbanization processes show the highest ratios in and
around the so-called “European pentagon” (Holland, Belgium, Germany and France), with the Iberian
Peninsula, Italy and Ireland in a second level and the lowest rates of urbanization in Eastern and
South-Eastern countries [17,24]. On the other hand, the Baltic countries, Ireland, Hungary, Spain and
Portugal present high rates of agricultural intensification and extensification, showing a much stronger
tension than other parts of the continent [2,6]. Areas most affected by marginalization of agriculture
are often linked to mountain areas, inland areas of East Europe and the Mediterranean areas [3,12,25].

Encompassing two biogeographic regions, large mountainous areas, several major metropolitan
areas and a large variety of agricultural systems, the Iberian Peninsula is an excellent study area
for land use/cover change research. In the last decades, a very relevant expansion of greenhouse
agriculture [26] has coexisted with the extensification and eventual abandonment of extensive farming
systems [27-31]. Intensive afforestation projects have increased the area of forest plantations for wood
and pulp production [15,32,33], but this was simultaneous with spontaneous vegetation encroachment
where agricultural frontier retreated. Urbanization took place at a relevant pace [31], but very often
concentrated in a strip of land very close to the coast [30,34-36].

The aim of this work is to provide a comprehensive, wall-to-wall analysis of land use/cover
changes in the continental areas of Portugal and Spain (583.118 km?) between 1990 and 2012. This
overall objective is related to two main research questions: (1) Whether differences between the extent
and importance of changes exist between both countries; and (2) which are the hotspots of change
in each country. For the purposes of this work, we defined hotspots as areas where a given land
use/cover transition dominates the landscape and covers a large proportion of total area.

2. Materials and Methods

The main data sources for this study are the 1990, 2000 and 2012 editions of the Corine Land Cover
(CLC) project downloaded from the Spanish National Geographic Institute (Instituto Geogrifico Nacional)
and from the Portuguese Territorial General Directorate (Direcao Geral do Territorio). The cartographic
scale of the original maps is 1:100.000 and the area of the minimum mapping unit is 25 hectares.
All the subsequent analyses were carried out in raster format using a spatial resolution of 25 m x 25 m,
GRASS GIS 7 [37] and the R project for statistical computing [38]. We reclassified the original level
3 CLC legend (44 different categories) into a simplified system with two levels (L1 and L2) and 12
and 6 categories, respectively (Table 1). The reclassification is intended to focus on covers that are
managed for productive purposes. Accordingly, different subcategories (L1) were kept for different
types of agricultural and forest areas, as changes between these often indicate changes in the intensity
with which they are used. We used the resulting maps to produce simple transition matrixes in
order to produce a first assessment, in terms of total area occupied, of net changes and transitions
among categories.
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Table 1. Reclassification of the original Corine Land Cover (CLC) level 3 legend into simplified L1 and
L2 land use/cover classes.

Reclassification
LC Level
CLC Level 3 1 L2
212,213 Irrigated land
211 Rainfed crops
231 Pastures Agricultural areas
221,222,223,241,242 Permanent crops
243,244 Dehesa/Montado !
321,322,323,324,333,334 Shrubland /Natural areas Shrubland /Natural areas
331,332,335 Unproductive areas Unproductive areas
311 Hardwood forest
312 Coniferous forest Forest areas
313 Mixed forest
411,412,421,422,423,511,512,521,522,523 Wetlands and water bodies Wetlands and water bodies
111,112,121,122,123,124,131,132,133,141,142 Artificial /Urban areas Acrtificial/Urban areas

! Dehesa (ES) and Montado (PT) are a form of traditional silvopastoral system in which extensive livestock grazing is
combined with sparse sometimes defined as an “orchard meadow”.

After the first assessment, we classified all the observed changes into a set of 8 land use/cover
transitions (LCT, Figure 1), following a similar approach to Feranec et al. (2010) [15]: Afforestation
(LCT1), Conversion to agriculture (LCT2), Farmland abandonment (LCT3), Agricultural extensification
(LCT4), Deforestation (LCT5), Change of forest composition (LCT6), Agricultural intensification
(LCT?7), Urbanization (LCT8). A similar approach has also been used for the Spanish case by
Martinez-Fernandez et al. (2015) [39]. These LCT are intended to capture the main gradients of
change that are present in the area of study and, accordingly, some of them represent opposite trends
(e.g., LCT1 and LTC5, LCT4 and LCT7), while others may take place sequentially in time (e.g., LCT3
often represents the last stages of LCT4).

I LCT8 Urbanization I

2 AGRICULTURALAREAS

Irrigated land

Rainfed crops

3 4
LCT4 Extensification SHRUBLAND/ FORESTAREAS
NATURAL AREAS 4—“:_

LCT6 Change
forest
composition
LCT7 Intensification
LCT1 Afforestation
Dehesas

LCT5 Deforestation
LC13 Abandonment

LCT1 Afforestation

|
| ‘ LCT2 Conversion to agriculture ‘ |
I

Figure 1. A schematic representation of the 8 Land Cover Transitions (LCT) defined in this work,
following the approach suggested by Feranec et al. (2010) [15].

In order to identify the regions within the study area where each LCT (or combination of several
LCT) is more important in terms of the area it occupies, we calculated the proportion of area that
each of the eight LCT represented in each LAU-2 unit along the whole period 1990-2012. We used
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this information to perform a cluster analysis on the eight LCT variables, so we could divide the
12,099 LAU-2 units in the study area into a number of homogenous groups of municipalities/parishes
with similar patterns of land cover transition. We used Ward’s minimum variance method
(a hierarchical clustering method) on the Euclidean distance among observations. Each resulting
cluster was then described regarding the land cover transition/s that account for the largest share in
terms of area. We assume a cluster of municipalities/parishes in which a given LCT is dominant as a
hotspot of that given transition.

3. Results

3.1. Net Changes

The occupation data for the entire peninsular territory (Table 2; detailed results for each country
in Tables A1 and A2) suggests that around 65.5% (381.924 km?) of its total area has not undergone
any changes at L1 level over the 1990-2012 period. If we look at each State separately, the Spanish
territory seems to have been subjected to slightly more changes (36.6% of its area underwent some
kind of change at L1 level) than Portugal (22.4%).

Table 2. Net results: area occupied by L1 and L2 classes in the Iberian Peninsula in 1990, 2000 and 2012.

1990 2000 2012
Land Use/Cover 2 % a2 % 2 %
Irrigated crops 22,989 3.94 26,096 448 28,239 4.84
Rainfed crops 113,174 19.41 108,786 18.66 107,709 18.47
Pastures 6846 1.17 6648 1.14 9386 1.61
Permanent crops 87,709 15.04 88,644 15.20 77,902 13.36
Dehesas 62,118 10.65 62,232 10.67 52,319 8.97
(Agricultural areas) 292,836 50.22 292,405 50.15 275,556 47.26
Hardwood forest 48,204 8.27 49,056 8.41 60,983 10.46
Coniferous forest 46,797 8.03 45,499 7.80 49,516 8.49
Mixed forest 20,040 3.44 20,369 3.49 18,803 3.22
(Forest area) 115,041 19.73 114,924 19.71 129,301 22.17
Shrubland 159,682 27.38 157,523 27.01 155,021 26.58
Unproductive 2366 0.41 2344 0.40 2362 0.41
Wetlands and water bodies 4932 0.85 5367 0.92 5713 0.98
Artificial Surface 8262 1.42 10,555 1.81 15172 2.60

Overall, agricultural areas occupy the largest share in the Iberian Peninsula, covering almost
50% of total area for the whole period. Although they showed a slight decline (from 50.22% in 1990
to 47.26% in 2012), this concentrated on some of the L1 classes of Dehesa/Montado, rainfed and
permanent crops, while irrigated crops and pastures experienced a slight increase over the same
period that was not enough to compensate for the losses of other agricultural categories. The loss of
agricultural land appeared to be slightly more pronounced in Spanish territory than in Portugal.

Following the opposite trend, forest area expanded over the same period and went from 19.73%
of total area in 1990 to 22.17% in 2012. This expansion seemed to be concentrated in the 20002012,
as the period 1990-2000 showed larger stability of forest area. Hardwood forests showed the largest
increase, followed by coniferous forests (which underwent a slight decrease during the first ten years
that was more than compensated by the area gained during 2000-2012). The trends in Spain and
Portugal, nevertheless, appeared to be clearly different. Forest area in continental Spain increased from
18.4% in 1990 to 22.1% in 2012, while in continental Portugal went from 27.0 to 22.6%.

Shrublands appeared as the second L2 category in terms of total area in the Iberian Peninsula
(26.6%), and remained largely stable along the whole period. Again, they seem to have followed
opposite trends in both countries, from 28.6% in 1990 to 26.8% in 2012 in Spain and from 20.3% to 25.5%
in Portugal. Built (impervious) areas, while occupying much less area in total, showed a relatively
important increase in both countries.
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3.2. Land Use/Cover Transitions

In this section we focus on the relative importance, in terms of area, of the land cover transitions
(LCT) as defined in the methodology. Results suggest that the changes that took place in 1990-2000
were much more limited than those occurred in 2000-2012 (Table 3). Accordingly, we will briefly
comment the results based on the relative importance of each LCT, for the whole Iberian Peninsula,
in 2000-2012.

Table 3. Estimation of area affected by land use/cover transitions (LCT) in the Iberian Peninsula,
continental Spain and continental Portugal, in 1990-2000 and 2000-2012.

Spain Portugal Peninsula
Ler 1(1112 % km2 % kmz %

1990-2000

LCT1 (Afforestation) 3810 0.77 2776 3.10 6586 1.13
LCT2 (Conwv. to agric.) 2688 0.54 425 0.48 3113 0.53
LCT3 (Abandonment) 914 0.19 482 0.54 1396 0.24
LCT4 (Extensification) 2310 0.47 253 0.28 2563 0.44
LCT5 (Deforestation) 3263 0.66 2706 3.03 5969 1.02
LCTé6 (Ch. of forest comp.) 149 0.03 120 0.13 269 0.05
LCT7 (Intensification) 3666 0.74 831 0.93 4497 0.77
LCT8 (Urbanization) 1645 0.33 718 0.80 2363 0.41
2000-2012

LCT1 (Afforestation) 39,630 8.03 2280 2.55 41,910 7.19
LCT2 (Conwv. to agric.) 22,585 4.57 1495 1.67 24,080 413
LCT3 (Abandonment) 23,954 4.85 1572 1.76 25,526 4.38
LCT4 (Extensification) 20,028 4.06 2512 2.81 22,540 3.87
LCT5 (Deforestation) 16,237 3.29 5128 5.73 21,365 3.66
LCT6 (Ch. of forest comp.) 17,223 3.49 1432 1.60 18,655 3.20
LCT7 (Intensification) 29,041 5.88 1145 1.28 30,186 5.18
LCTS8 (Urbanization) 5500 1.11 606 0.68 6106 1.05

The most important transition in the Iberian Peninsula, in both periods, was LCT1 (afforestation).
Results indicate that this process was more intense in Portugal in 1990-2000, but that since then
changed and affected a larger share of total area in Spain in 2000-2012. Agricultural intensification
(LCT?) appeared as the second largest process in terms of the share of area affected (a total of 5.18% of
the Peninsula in 2000-2012). Again, results suggest that this process affected more area in 2000-2012
than in 1990-2000, and appears to have been much more important in Spain than in Portugal.

On a third level (in 2000-2012) are LCT2 (conversion to agricultural use) and LCT3 (abandonment
of agricultural use). Both appeared to occupy slightly more than 4% of total area in the Iberian Peninsula
in 2000-2012, and be considerably more important in Spain than in Portugal. These transitions are
closely followed by LCT4 (extensification of agricultural use), LCT5 (deforestation) and LCT6 (change
of forest composition), which occupied around 3-4% of the Iberian Peninsula in 2000-2012. Of these
three, only LCT5 (deforestation) occupied a largest share in Portugal.

The last process in terms of the proportion of area occupied is LCT8 (urbanization/increase of
impervious surface). This seemed to have been more important in Portugal than in Spain in 1990-2000,
but affected a larger share of area in Spain in 2000-2012.

3.3. Cluster Analysis

The results of the cluster analysis allowed to identify seven distinct groups of municipalities/
parishes, internally homogeneous in terms of the relative importance of land use/cover transitions
(LCT) along the whole period of study (Figures 2 and 3). Along the following lines we will shortly
describe the main processes in each group (detailed averages of area occupied by each LCT in each
group of municipalities /parishes are shown in Table A3).
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Cluster 1 Cluster 2 Cluster 3 Cluster 4
LCTH LCT1 LCT1 LCTH
LCT2 T LCT8 LCT2 1 LCT8 LCT2 1 LCT8 LCT2 1 LCT8
LCT3 LCT7 LCTa LCT7 LCT3 C) LCT7 LCT3 LCT?
LCT4 LCTé LCT4 LCTe LCT4 LCTe LCT4 LCTe
LCT5 LCTs LCTs LCTs
Cluster 5 Cluster 6 Cluster 7
LCTH LCT1 LCT1 Legend
LcT2 - LcTe LCT2 iy LcTs LcT2 - LcTs LCT 1 - Afforestation

LCT 2 - Conversion to agriculture
LCT 3 - Abandonment

LCT 4 - Extensification

LCT 5 - Deforestation

LCT3 LCT7 LCT3 LCT7 LCT3 CT7 LCT 6 - Ch. of forest composition
LCT 7 - Intensification

LCT 8 - Urbanization

LCT4 LCT6 LCT4 LCTe LCT4 LCT6

LCTS LCTS LCTS

Figure 2. Radar chart of area affected by each transition in each cluster.

L% Comunidad/Foral/de
o W R W

Cluster

W 1 Afforestation/Change Forest Composition
M 2 Artificialization
3 Great Stability
I 4 Deforestation
5 Extensification
6 Afforestation/Agriculture Conversion/Abandonment
B 7 Intensification
el & 0O NUTS-2

o

Figure 3. Groups of municipalities/ parishes (LAU2) resulting from the cluster analysis. Administrative
division at NUTS-2 level is included as reference. Each cluster name appears n the legend along with
the main land cover transition (in terms of area) in each case.

Cluster 1 combines municipalities in which more than 45% of area was transformed. For the

most part, this is explained by the expansion of forests (LCT1), covering an average of 13.7% of
municipal/parish area, and internal changes in forests (LCT6, 17.46% of municipal/parish area).
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Municipalities in cluster 1 are mainly located in the Spanish regions of Galicia, Euskadi (Basque
Country), Aragon and Catalunya.

Cluster 2 is formed by municipalities that experienced a large increase of urban areas (an average
of 12.90% of municipal/parish area). While some of them are scattered along the whole Iberian
Peninsula, some clear concentrations can be identified around the main cities (e.g., Madrid, Lisbon,
Barcelona, Zaragoza, Valencia, Porto).

Cluster 3 is formed by municipalities with the highest degree of stability along the twenty-two
years of study, as only an average of 11% of municipal/parish area was modified. There is a slight
tendency towards afforestation, though, as this showed slightly higher values than deforestation.

Cluster 4 is formed by municipalities with the highest rates of deforestation (16.9% on average).
Many of these areas are located in Portugal, where they occupy a large proportion of the total area
along interior areas North of Tejo (Tajo) river and coastal areas to the South. Nevertheless, clear
hotspots can be also appreciated in Spain, particularly in the Northwest of Castilla y Ledn region or in
the province of Huelva in Andalucia.

Cluster 5 is formed by municipalities that experienced high rates of agricultural extensification
(15.17% of municipal area, on average). Agricultural intensification and other land use/cover
transitions are also present in these areas, albeit in a lower scale. Many of the municipalities/parishes
in this cluster appear in the Spanish regions of Andalucia and Extremadura and the Portuguese region
of Alentejo, although some are also present in other regions.

Cluster 6 gathers municipalities in which afforestation played a large role (11.09% of municipal
area on average), but which also show an interesting tension between conversion of natural and
semi-natural areas for agriculture (LCT2, representing on average 7.2% of municipal/parish area) and
farmland abandonment (LCT3, 6.78%). The largest area formed by these municipalities is located in
the Spanish region of Extremadura and the western portion of Castilla la Mancha.

Finally, land use/cover transitions in cluster 7 appear clearly dominated by agricultural
intensification (LCT7, 21.01%), even though afforestation, agricultural extensification and farmland
abandonment are also present in the range of 4-5% of municipal/parish area. Along with cluster 1,
cluster 7 includes municipalities with the highest amount of changes (affecting around 43% of the
municipal/parish area). Areas in this cluster appear in several Spanish regions, mostly in the Eastern
portion of the country.

4. Discussion

It is likely that the period of time covered by this study has been one of very substantial changes.
Some authors suggest that the institutional change represented by the access of Portugal and Spain to
the European Economic Community in 1986 greatly accelerated the effects of social and technological
transformations of the second half of the twentieth century [40].

The results obtained are in line with the findings of works already published on land use/cover
changes in Spain and Portugal. These have pointed out the existence of natural regeneration of forest
areas and afforestation in several areas of Spain, such as Galicia [40], Pyrenees [20], Central and Iberian
System [41,42], as well as in Portugal [32]. Many of the cited studies coincide with areas corresponding
to clusters 1 and 6, which we identified in this work as hotspots of forest expansion. Although probably
initiated earlier, forest expansion may have increased after the access of both countries to the European
Economic Community in 1986, as a consequence of policy and market changes that accelerated the
transformation of the agricultural sector, including afforestation measures under Regulation (EC)
2080/92 [15,43]. On the other hand, the net reduction of forest area in Portugal is also consistent with
published literature [19,21], is largely concentrated in areas included in cluster 4 and may be related to
the extent and recurrence of forest fires [44].

Another process commonly registered by European literature is agricultural extensification and
eventual abandonment of agricultural activity [3,25]. In Spain, it has been documented in many areas
included in clusters 5 and 6. For example, in the Pyrenees and Ebro Depression [45,46], Andalucia [47],
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and Murcia [26]. On the contrary, productive intensification would concentrate in areas included in
cluster 7. This distribution is consistent with the expansion of irrigated greenhouse crops in where the
highest rates appear in coastal areas [26,48] and the main river basins [49].

Another one of the most researched processes is urbanization and the increase in impervious
surface. However, oftentimes the sprawl occurs diffusely [30,34,50] and it is therefore difficult
to quantify using data sources as CLC. This process is well represented in cluster 2, including
municipalities near the main metropolitan areas and Mediterranean coastal areas in both countries.

As far as forests composition is concerned, a shortcoming of the original level-three CLC data is
the inability to tell apart different types of hardwood forests. The original category 311 (“Broad-leaved
forests”) includes both fast growing species, most typically included in genus Eucalyptus, and slow
growing native species. Considering that the origin of new stands is usually different in both groups
(very often human made plantations in the former, spontaneous encroachment in the latter) and that
their environmental value is also quite different, it would have been nice to be able to classify them in
separate categories. A related difficulty is associated with the size of the minimum mapped area in
the original data (25 ha), that is often much larger than the average plot size in the highly fragmented
landscapes of the northern and northwestern parts of the Iberian Peninsula [27,51]. Particularly when
considering the original level-three CLC class 313 (“Mixed forests”), this means that many patches
are not necessarily “mixed forests” in strict sense, but a spatial mixture of small homogeneous forest
stands [13]. The mosaic structure of many landscapes in the Mediterranean basin makes it difficult to
assess changes using relatively coarse datasets such as CLC.

Finally, results suggest a very small quantity of changes between 1990 and 2000 in Spain, compared
to what is found in Portugal during the same period [52], and specially compared to what is found
for both countries in 2000-2012. We were concerned that this may be due to quality problems of the
original data for the year 2000 (most likely) or the year 1990 which would result in an inability to
adequately capture changes between both years, particularly in Spanish territory. Our efforts to carry
out a cluster analysis using the land use/cover transitions of both time periods provided unsatisfactory
results, and results improved greatly when we opted to use transitions over 1990-2012 as the input data
for the cluster analysis. However, another explanation could be related to changes in the methodology
of CLC 2012 in comparison with the one used in previous editions, as the Spanish version of CLC12
was produced by generalization of more detailed, already existing, land use/cover maps, instead of
manual photointepretation [53].

5. Conclusions

The general image provided by our results indicates that peninsular territory has been subjected to
intense processes of change as a result of the cultural, social and institutional changes of recent decades.
The decline of agricultural area and the increase of urbanized and artificial covers appear as common
trends in the continental territory of both Portugal and Spain. The trends followed by forest cover,
nevertheless, appear as opposite—an increase in Spain but a decrease in Portugal. At the same time,
the spatial analysis allowed to provide an overview of the main gradients of change related to tensions
between agricultural intensification—extensification, on the one hand, and deforestation—afforestation,
on the other. The result of the spatial cluster analysis also allowed to identify the hotspots of the
aforementioned processes.
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Appendix A
Table Al. Results: area of L1 and L2 classes in Spain in 1990, 2000 and 2012.
1990 2000 2012
Land Use/Cover m? % m? % m? %
Irrigated crops 21,054 4.26 23,501 4.76 25,577 5.18
Rainfed crops 102,220 20.70 98,559 19.96 99,154 20.08
Pastures 6299 1.28 6225 1.26 8584 1.74
Permanent crops 71,446 14.47 72,574 14.70 62,162 12.59
Dehesas 48,347 9.79 48,887 9.90 38,316 7.76
(Agricultural areas) 249,366 50.51 249,745 50.58 233,793 47.36
Hardwood forest 37,600 7.62 37,794 7.65 50,663 10.26
Coniferous forest 38,900 7.88 38,384 7.77 44,691 9.05
Mixed forest 14,403 2.92 14,894 3.02 13,738 2.78
(Forest area) 90,903 18.41 91,072 18.45 109,093 22.10
Shrubland 141,531 28.67 139,043 28.16 132,534 26.85
Unproductive 2015 041 1993 0.40 2263 0.46
Wetlands and water bodies 3768 0.76 4149 0.84 4228 0.85
Artificial Surface 6139 1.24 7721 1.56 11,811 2.39
Table A2. Results: area of L1 and L2 classes in Portugal in 1990, 2000 and 2012.
1990 2000 2012
Land Use/Cover m? % m? % m? %
Irrigated crops 1935 2.16 2596 2.90 2662 2.98
Rainfed crops 10,954 12.25 10228 11.44 8555 9.56
Pastures 547 0.61 423 0.47 803 0.90
Permanent crops 16,264 18.19 16,070 17.97 15,741 17.60
Dehesas 13,772 15.40 13,346 14.93 14,004 15.67
(Agricultural areas) 43,471 48.62 42,663 47.71 41,765 46.71
Hardwood forest 10,604 11.86 11,263 12.60 10,322 11.54
Coniferous forest 7897 8.83 7116 7.96 4825 5.40
Mixed forest 5637 6.30 5475 6.12 5065 5.66
(Forest area) 24,139 27.00 23,854 26.68 20,211 22.60
Shrubland 18,160 20.31 18,488 20.68 22,488 25.15
Unproductive 351 0.39 351 0.39 100 0.11
Wetlands and water bodies 1173 1.31 1218 1.36 1485 1.67
Artificial Surface 2123 2.37 2834 3.17 3361 3.76

Table A3. Average percentages of area affected by LCT for the municipalities in each group, 1990-2012.

Cluster LCT1 LCT2 LCT3 LCT4 LCT5 LCTé6 LCT7 LCTS8
1 13.71 2.75 2.09 1.81 2.88 17.46 3.39 1.71
2 1.96 224 1.38 2.70 2.60 1.01 1.39 12.90
3 222 1.12 1.62 1.76 1.43 0.73 1.75 0.50
4 4.83 1.95 247 2.14 16.89 3.79 1.54 0.68
5 3.14 3.84 3.60 15.17 0.96 0.64 4.94 1.36
6 11.09 7.21 6.78 2.26 2.50 1.21 221 0.82
7 5.93 3.59 5.19 4.03 0.96 0.64 21.01 2.06
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