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Abstract

:

Climate change has enhanced the occurrence of rural fires, since changes in the hydrological cycle have led to the occurrence of increasingly long and frequent periods of drought. This recurrence of rural fires in Portugal, in turn, has led to the successive elimination of vast areas traditionally occupied by native species or species of economic interest, which are being successively replaced by new species with invasive behavior. Among these, Acacia dealbata stands out for its dispersion capacity and for the area it has already occupied. In the present work, which reviews the evolution of forest cover over the last 18,000 years in the Serra da Estrela Natural Park, we intend to demonstrate that fire acts as a species selection agent and that it enhances the development of heliophile and pyrophyte species. For this purpose, an area of the municipality of Seia was selected, more specifically Casal do Rei, where the development of Acacia dealbata forests is monitored. In the end, it was concluded that, in fact, by analyzing the ages of the specimens present in these populations, fire acts as a selection agent by freeing up the space previously occupied by other species, opening the way for the growth of heliophiles and pyrophytes invasive species while enhancing their germination.
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1. Introduction


Ecosystems are currently facing intense pressures related to changes driven by climate change [1,2,3,4]. However, species do not react in the same way to these adaptations, since not all respond equally to different stimuli, such as the increase in the average temperature of the air, decrease in the levels of humidity of the air, increase of the periods of drought, decrease of the precipitation, and alterations in the cycle of the seasons, among others [5,6,7,8]. This inability to react or difficulty in reacting to new conditions leads to a change in the ecosystem balance over time, and in this way, ecosystems evolve according to the new conditions, which is often the reason why traditional species are replaced by others that are more adapted to these new conditions [9,10,11].



Usually, it is in these scenarios that some species find the opportunity to become predominant, especially when exotic species which may acquire invasive behavior are present in ecosystems [12,13]. In this way, these species will occupy the niches left vacant by the native species, often becoming dominant, relegating native species to a secondary role in the occupation of physical space and changing the balance in the inter-species relationships [14,15]. Obviously, this type of change will cause imbalances at all levels and in all relationships within the ecosystem, leading to a development that favors the needs of the new dominant species [16].



Fire is an element that has always been present in the Mediterranean landscape, being an integral part of the phenomena that shaped both the landscape and the species that developed and evolved in this environment [17,18,19]. However, as a consequence of climate change, there has been an increase in the occurrence of extreme climatic phenomena, including profound changes in the hydrological cycle and the subsequent occurrence of periods of more frequent and prolonged drought [20,21]. This factor, associated with the presence of a set of exotic species of a pyrophyte characteristics, leads to an artificial selection of species by fire, which will contribute to the replacement of traditional indigenous species, since pyrophyte species take advantage of the openings created by fire to quickly develop and conquer the space previously occupied by native species [22,23].



This fast growth of exotic species, in relation to native species, is decisive for progressively replacing the vegetation cover. In the case of forest cover, this substitution of native species by exotic pyrophyte species, in addition to the losses associated with biodiversity and with the relationships previously established in the ecosystem, may be associated with the destruction of production crops, such as, for example, Eucalyptus globulus plantations for the pulp industry, or Pinus pinaster for the wood pellet industry, since, due to the rapid growth they present nd the aggressiveness with which occupy the physical space, would enter into direct competition with these species already installed, leading to their development being affected and to subsequent losses in productivity [24,25,26,27,28,29]. In Portugal, one of the species that stands out the most for its invasive behavior and for the proliferation that has occurred in recent years is Acacia dealbata, which has been occupying more and more area from year to year, forming dense forests where no other species can survive; such is the density that this species can develop and present [30]. At present, again under the influence of changes in the climate, and with the triggering of associated phenomena, such as the occurrence of long periods of drought and a subsequent increase in the recurrence of rural fires, the forest cover is also changing [31,32,33]. This is causing an artificial selection of species, where pyrophyte species, mostly exotic, such as Acacia dealbata, gain an advantage and take up more and more area at the expense of native species.



This study presents a review on the sequence of the development of forest cover in the region during a period that comprises the last 18,000 years, during which there was a stabilization of the different forest species, followed by the presentation of a case study in which the developments in the forest cover that occurred in the last two dozen years are analyzed. It is assumed that the increase in the recurrence of rural fires in the region causes changes in the structure of the forest cover through the selection of species by fire, namely one species in particular, Acacia dealbata, which stands out for the area that it already occupies. An analysis of the occurrence of rural fires in the region and the impact on the current state of forest cover was made using the information available in databases, namely those at Instituto Português do Mar e da Atmosfera (IPMA) for climatological data and by Sistema Nacional Informação Geográfica (SNIG) for georeferenced data on occurrences of rural fires. Information made available by the press on rural fires in the region was also collected, as was information from interviews with the inhabitants of Cabeça and Casal do Rei, about the perception of the evolution of the climate in the region and on the severity of rural fires that occurred in the past. Some of the methods currently used to control Acacia dealbata are also presented.




2. Geophysical and Biophysical Framework of the Area under Study


2.1. Location and Limits


The area selected for this study is located on a mountain slope in front of the village of Cabeça and the village of Casal do Rei. Both locations belong to the Union of Parishes of Vide and Cabeça in the municipality of Seia and the district of Guarda. Figure 1 shows the location of the target area and its regional and national context.



The Acacia dealbata groves considered in this study, as already mentioned, are visible from the road that connects Casal do Rei to Cabeça, located on the opposite slope, on the other side of the valley, where the Loriga stream runs, as can be seen in Figure 2.




2.2. Hydrography


The Serra da Estrela Natural Park covers two hydrographic basins, the Tagus River and the Mondego River [34]. Three important Portuguese rivers begin in the Serra da Estrela Natural Park—Mondego, Zêzere, and Alva [35]. The Mondego River is the largest Portuguese river with a hydrographic basin entirely in national territory [36]. The Alva River is one of the most important tributaries of the Mondego River, which has its source in Serra da Estrela, located near Sabugueiro, in the Rossim Valley area, at approximately 1500 m elevation [37]. The Zêzere River is the largest tributary of the Tagus River in Portugal, beginning in the middle of the glacier valley in the heart of the Serra da Estrela, at Covão d’Ametade (at about 1900 m elevation). In its upper course, upstream of Manteigas, it traverses a typical glacier valley with a U-section [38]. In the central area of the massif, there are several lagoons of glacial origin, some of which have been used for the construction of multi-purpose projects, with emphasis on hydroelectric power plants. The area under study is located on the left bank of the Loriga stream, one of the tributaries of the Alva River, which is formed by the union of the Nave stream and the São Bento stream [39].




2.3. Geomorphology


The geomorphology that characterizes the region essentially derives from tectonic displacements, which lifted the mountain from the surrounding plateaus and pushed it towards the Northeast [35]. The cliffs that limit it are fault cliffs with a relatively long evolution, which must have given rise to the mountain [40]. However, the great gaps that are observed in Serra da Estrela are not only due to tectonic movements, but also due to the deep indentations of the rivers, induced by the rising of the mountain itself from the marginal plateaus [41]. The forms of the relief can have very different origins. Some depend on the nature of the rocks, and others are related to much colder climates than the current one, particularly when the temperature dropped by at least 10 °C around twenty thousand years ago, giving rise to vast glaciers in the highest part of Serra da Estrela [39]. These climates left remarkable geomorphological testimonies, translated as U-shaped valleys, glacial circuses, lagoons, moray deposits, and erratic blocks, constituting the main originality of the physical landscape of the Natural Park [42].




2.4. Geology


The geology of the Serra da Estrela is dominated by the occurrence of hercynitic granitic rocks, which intruded the pre-Cambrian and Cambrian metasediments that constitute the grauvachic schist complex [43]. These rocks have a varied mineralogical composition, from granodiorites to leucogranites [44]. The area under study is essentially made up of schist terrain and, to a lesser extent, fluvial sedimentary deposits. The schists belong to the Malpica do Tejo formation and are between 500 and 650 million years old [45]. In these rocks, there are some quartz veins of reduced thickness and extension [46]. The river deposits, of recent age, are found along the bed of the Loriga stream, have a very reduced width and thickness, and are mainly composed of blocks and rolled pebbles (of different lithologies and dimensions) and sands [47].




2.5. Pedology


The soils in the area selected for the present study are mostly lithosols, which evolved into cambisols in some places where terraces were built, which were used and still are used in some places for agro-silvo-pastoral activity [48,49]. In the places where the activity stopped, the bushes and the forest slowly occupied the space, and these terraces are currently covered with spontaneous vegetation [50].




2.6. Climatology


A data search was then carried out on the meteorological stations geographically closest to the target area. Data were available on the website of IPMA (Instituto Português do Mar e da Atmosfera), which included Viseu, Guarda, and Castelo Branco, since the total absence of thermopluviometric stations in the target zone made it impossible to characterize the current climate in the locality, and only a comparison with these stations located nearby was possible. However, it should be noted that there can be significant differences in the conditions observed, mainly due to the different elevations at which these thermopluviometric stations are in relation to the target zone. Casal do Rei is about 42 km from Viseu, 49 km from Guarda, and 58 km from Castelo Branco.



For values corresponding to Casal do Rei, METEOBLUE (https://www.meteoblue.com) was used and the data modeled are shown in Table 1 and Figure 3. In fact, as can be seen, using the values modeled for Casal do Rei, although minimum negative minimum temperatures have always occurred during the winter months, it was observed and verified that these occurrences have decreased, although there is a dispersion of these occurrences for months other than the usual ones. It is also verified that, although periods with minimum temperatures have decreased and temperatures have risen, some phenomena that can be considered extreme occur, in which the minimum temperatures can fall below the values considered normal, and often outside the usual months. It is also verified that in the summer months, the maximum temperatures have been successively showing higher values, complemented by a decrease in the values of precipitation, which in recent years has been observed to be nonexistent, increasing the probability of the occurrence of rural fires as conditions become ideal for their proliferation.



Despite the geographical proximity between the area under study and the Penhas da Saúde weather station, we decided not to use the data from this station, since in this specific case, the influence of elevation, especially during winter, can result in significantly different effects compared to the real conditions observed in Casal do Rei. Therefore, we opted for the use of data related to the weather stations of Viseu, Guarda, and Castelo Branco since they present conditions closer to the reality observed in Casal do Rei. For example, in conversations with permanent residents in Casal do Rei and in Cabeça, in response to the question about how often it snowed in both locations, everyone replied, “Now, almost every year, snow falls, but it only serves to kill the pests and rarely stays for long periods”. They also replied, “It used to be different,” and “Sometimes, we stayed closed in for weeks down here (Casal do Rei) because cars did not pass with the snow up there”, thus indicating certainty that snow did not accumulate at the bottom of the embedded valley that comprises the Loriga stream. This information is in line with the data that were collected on the website of IPMA (Instituto Português do Mar e da Atmosfera) (www.ipma.pt).



In general, the region has a Mediterranean climate, with two mild seasons, spring and autumn, separated by two extreme seasons, one hot and dry (summer), and the other cold and wet (winter) [51,52]. The patterns of precipitation and temperature are, in the case of the Loriga stream valley, further conditioned by the effect of the orientation of the slope and the surrounding relief [53]. Thus, the embedded valley and the exposure to the North determine that, in the area selected for the present study, relatively mild temperatures and high humidity are felt.





3. Evolution of Vegetation Cover


The oldest mountainous deposits in the entire central cordillera date back to the late glacial period (around 13,000 years ago) and are found only in Serra da Estrela, the most western part of the entire central mountain range [50,54].



According to the fossil records found, the genus Pinus is the most represented in the interior of Serra da Estrela, indicating the presence of pine forests (probably in areas of microthermal climate, forming both open and dense forest structures) at medium to low elevations [55,56]. However, as presented by Rubiales et al. (2020), pollen deposits indicate an abrupt change at the beginning of the Holocene (10,350 years ago) in which the genus Pinus makes way for other groups of hardwoods adapted to a mesophilic climate or even of a Mediterranean character, such as Quercus, or with hygrophilic–microthermal characteristics, such as some species of the genus Betula, or species such as Sorbus aucuparia or Frangula alnus (Figure 4) [55].



In the innermost strips, already in Spain, the time records, although referring to a much shorter time period than what is available for Serra da Estrela, show a broadly similar pattern during the second half of the Holocene, where pines do not seem to thrive, most likely due to the decrease in the continentality factor [57]. The pollen sequences found, as well as limited plant remnants of larger dimensions, suggest that the genus Betula was the dominant and most stable genus [55,58].



The decrease in the population of Casal do Rei has direct impacts on landscape management, mainly due to the abandonment of agro-silvo-pastoral activities on the slopes surrounding the village [59]. The agricultural land, essentially formed of terraces with shale walls, disappeared among the spontaneous vegetation that was growing. In view of the anthropic action, the landscape is currently quite altered in relation to the potential natural vegetation [60]. In fact, in recent decades, there has been a strong focus on maritime pine and eucalyptus stands. The changes associated with the monoculture of these stands result in a worsening of the impact of fire and prevent the installation of several native species, especially those belonging to the most evolved stages of the vegetation cover. However, next to Casal do Rei, there are still some fragments of what the native forest of this landscape would be, albeit in very poor condition [60].



The spontaneous vegetation of the area, altered little by human activity, presents a great complexity and floristic diversity, constituting a residual mark of the potential natural vegetation of the Central region of the country, currently covered mainly by eucalyptus, pine forests, and bush and also by patches of acacias. The forest vegetation is characterized by a dense tree layer dominated by Prunus lusitanica, accompanied by Castanea sativa, Viburnum tinus, and Arbutus unedo. Figure 5 presents the current land cover, where the development of acacia groves can be seen.



Although the potential natural vegetation of the slopes of Casal do Rei belongs to the domain of Quercus robur subsp. broteroana, there are no well-constituted forests of this species. Instead, the current vegetation is formed by a set of heliophilous scrublands, lashed by recurrent fires that occur in increasingly shorter cycles, which prevents the installation of the slowest growing and most demanding species at ground level [61,62]. Other types of oak, such as Quercus pyrenaica, Quercus suber, and Quercus rotundifolia, also live in the areas with less water retention; the latter is only present on rocky outcrops. However, on the slopes exposed to the North and with high soil moisture, a relic community resists, dominated by Prunus lusitanica, which is accompanied by a set of pre-forest shrubs, such as Arbutus unedo, Viburnum tinus, and Rhamnus alaternus, among others, which need to be preserved. These communities are even recognized by the European Community, through the Habitats Directive (92/43/EEC), as a priority habitat for conservation (5230 × pt2) called “Laurus nobilis arborescent forests” [63].



However, the recurrence of rural fire favors a vegetation cover dominated by heliophilous shrubs and, when there is a seed bank, an intense regeneration of maritime pine. Among the most frequent shrub communities are Cytisus scoparius, Cytisus grandiflorus, and Genista falcata, as well as the Ulex minor, Erica australis, Erica scoparia, and Erica umbellata that normally live on degraded or stony soils [64]. This dynamic becomes difficult to break with an aging population and with poor resources. In addition, the disappearance of the vegetation cover in the post-fire period favors the expansion of invasive alien species such as Acacia dealbata and Hackea sericea, which, together with depopulation, have all the conditions to thrive [65,66]. With each rural fire, new points of dissemination of these species emerge, spreading in a concentric manner, and thus gradually decreasing the area for native vegetation [65].




4. Impact of Fire on Vegetation Cover


In July 2005, a forest fire reached an area of 17,445 hectares. It severely affected a natural forest of 20 hectares located in Casal do Rei in the Serra da Estrela Natural Park. On 22 July 2005, the newspaper Diário de Notícias, in an article signed by journalist João Fonseca, reported the tragedy that devastated the region, using comments directly from those who experienced the events up close. For example, one of the interviewees stated that, “it can only be arson. Flames appear where and when you least expect them. The firefighters are still extinguishing one and soon another one appears, far or near to the villages, beside the road or in the most inaccessible places, but always where there is thicket and dense forest. This hell seems to have no end. The wonderful forest that was here has all burned.” Other witnesses declared that, “thousands and thousands of pine, eucalyptus, oak, and chestnut trees died, but also olive trees, vines, and gardens.” Many hectares were destroyed after another fire in this hillside of Serra da Estrela, namely in Senhora da Guia, Pedras Lavradas, Teixeira de Cima, Casegas, Casal do Rei, and Cabeça, mainly composed of eucalyptus and maritime pine, but also of a group of native species of great value.



The spontaneous vegetation of the area, little altered by human activity, constitutes a residual mark of the climatic vegetation of the center of the country, currently covered mainly by eucalyptus, pine forests, and scrub. This spontaneous forest, now circumscribed, is characterized by a dense tree layer dominated by Prunus lusitanica, Castanea sativa, Viburnum tinus, and Arbutus unedo. The floristic list of the site includes more than 200 vascular plants species, which corresponds to about a quarter of the total species identified in the region of Serra da Estrela, on an area that represents only 0.02% of the protected area. Among the all the species, Prunus lusitanica stands out because it is considered a relic of the Laurisilva type forests, which had high importance in Iberian Peninsula during the Tertiary period.



However, this event was not a unique case, since it has been repeated over time, as can be seen in the following figures where the burned areas over the period between 1990 and 2018 are presented. As can be seen in Figure 6, there is a high frequency in the occurrence of rural fires, indicated on more than 50% of the area of the geological map 1:50,000 (20B—Covilhã), which served as the basis for the projection of all burned areas over the past 28 years. The data were obtained through the website of the National Geographic Information System (https://snig.dgterritorio.gov.pt/), and were superimposed on the geological map 1:50,000 20-B (Covilhã) using WMS files with QGIS 3.6 open-source software, available through the website https://www.qgis.org/en/site/.



In the particular case of the area between the villages of Cabeça and Casal do Rei, it can be seen that rural fires occurred in the period between 1990 and 1999, with the other situation occurring in the period between 2000 and 2008, more precisely in 2005, as previously mentioned. The area has not been struck again by rural fires since then, probably because the occurrences were close in time; a less intense fire occurred two years earlier on June 24, 2003 and consumed much of the vegetation on the slopes of the embedded valley where the Loriga stream runs, as reported in the online version of the newspaper Correio da Manhã.



This redundant occurrence of rural fires in the Serra da Estrela Natural Park led to a gradual destruction of the native forest, much of which is very difficult to recover. That is the case for the continental Laurisilva forest, where the development of small sanctuaries was resumed at great cost, while the rest of the territory is at the mercy of spontaneous and disorderly growth of maritime pines and eucalyptus, or even to a set of invasive species such as acacias, hakeas, or ailanthus.



In the case of acacias, the Acacia dealbata species stands out because it is the one that progresses the most in the area, already forming extensive patches, and appears to occupy all types of soils and habitats, including rising in elevation to areas not normally occupied by this type of species. In any case, as can be seen in Figure 7, Acacia dealbata already occupies significant areas on land adjacent to the target area of this study, which, despite everything, is not yet in a situation as critical as the one shown in the example presented in following figure.



In fact, this species proliferated extensively on the slopes of the mountain, with particular emphasis on the area under analysis in the present work, forcing frequent control actions. These control actions aim to reduce the fuel load present in the forest and try to eradicate this invasive species, which is gaining more and more ground, especially after the occurrence of rural fires. Figure 8 shows the work done in one of these control actions.



In this control action, several methods were used for the control of Acacia dealbata, namely cutting and subsequent application of glyphosate, which is a systemic broad-spectrum herbicide that has shown some effectiveness with this species. However, this chemical product also presents environmental and contamination problems, so its use is being avoided on a large scale. For this reason, the use of techniques that are less aggressive to the environment, such as peeling, has been an alternative that shows interesting success rates, despite the time of performance being quite long.



During the same procedure, slices were cut from the base of the tree trunks, so that their age could be determined by counting the growth rings. From this, it was possible to verify that the oldest trees corresponded to the period following the fires that occurred in the 1990–1998 interval. It was noted that there is a hiatus in the occurrence of trees, in addition to a few specimens precisely from the period immediately after the last fire in 1998, that only reappeared after 2005—that is, the fire that occurred in 1998 eliminated the cover of pine, eucalyptus, and other native hardwoods, leaving space for the growth of acacias, which once again had an open path by another fire in 2005, which was the last one to hit the area under study, although others have occurred in the vicinity.




5. Conclusions


The Casal do Rei region, located in the Serra da Estrela Natural Park, presents a problem common to many other regions of the country due to the proliferation of invasive species such as Acacia dealbata, which already stands out for its large number of occurrences and area, and also other species such as Acacia melanoxylon, Acacia longifolia, and Hackea sericea. The development of the region’s forest cover, which developed over thousands of years as a result of successive adaptations to the climate and its transformations, gave rise to a set of habitats occupied by native species, among which are the so-called “Laurus nobilis arborescent forests”, which is a priority habitat for conservation (5230×pt2) recognized by the European Community through the Habitats Directive (92/43/EEC). Despite successive changes in the typology of vegetation cover, observed mainly throughout the 20th century with the intensive planting of species such as Pinus pinaster, and more recently of Eucalyptus globulus, extensive patches of species of the genus Quercus continued to persist, but also patches of other species that were on the edge of water courses or in niches in more protected areas.



Currently, especially with the increasingly frequent occurrence of rural fires that have swept over almost the entire area of the Natural Park in the last 30 years, the destruction of the native or traditional forest cover has given rise to the emergence in force of invasive species, which are slowly occupying the territory, replacing the remaining species. Thus, there is a marked decrease in biodiversity, while, due to the large amount of dense biomass that these species are able to develop, the risk of occurrence of rural fires increases. This situation creates a cycle of species selection by fire, since the new fires open space for these species, specifically, heliophiles and pyrophytes, to take advantage of every opportunity to conquer new spaces.



Control programs for invasive species are fundamental for the maintenance of ecosystems, and all methods are valid to achieve this. However, given the increasing number of invasive species, as well as the area occupied, it is urgent to develop integrated plans for eradication/control in order to avoid dispersion to areas not yet reached through the creation of rigid and intensive protocols in order to create permanent pressure on the populations of invasive species to reduce their vigor and dispersion capacity.
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Figure 1. Location of the target area and its regional and national context. 
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Figure 2. Acacia dealbata groves on the slope opposite the road from Casal do Rei to Cabeça. Acacia groves are identifiable by their very characteristic greenish color. 
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Figure 3. Air temperature and precipitation based on the information available in Table 1 for Casal do Rei using the values modeled with METEOBLUE (https://www.meteoblue.com). In the figure, the maximum temperature (Tmax), minimum temperature (Tmin), and precipitation are represented. 
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Figure 4. Evolution of pine forests and other woody formations since the last glacial maximum in the different bands of Serra da Estrela (adapted from [55]). 
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Figure 5. Current land cover in the study area. 
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Figure 6. Overlapping of the burnt areas over the period between 1990 and 2018. 
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Figure 7. Acacia dealbata groves. As can be seen in the figure on the right, in the Santo António do Alva region, located close to Casal do Rei and also greatly affected by rural fires, one can see a significant dispersion of Acacia dealbata groves, which are replacing eucalyptus and maritime pine areas. These acacia groves are easily identifiable through their shade of green, distinct from other species found in the region. 
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Figure 8. Cutting work and application of control techniques for invasive species. (a) Cutting; (b) peeling the acacias; and (c) application of glyphosate. 
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Table 1. Summary table of data collected on the website of IPMA (Instituto Português do Mar e da Atmosfera) for the three selected stations, namely, Viseu, Guarda, and Castelo Branco, due to the proximity to the target area, and of the data modeled for Casal do Rei using the platform METEOBLUE. Taverage represents the average temperature, Tmax represents the maximum temperature, Tmin represents the minimum temperature, and Paverage represents the average precipitation.
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Station

	
Data

	
Jan

	
Feb

	
Mar

	
Apr

	
May

	
Jun

	
Jul

	
Aug

	
Sep

	
Oct

	
Nov

	
Dec






	
Viseu

Location:

40°39’ N

7°54’ W

Altitude:

443 m

	
Taverage

(°C)

	
6.9

	
8.4

	
10.3

	
11.5

	
14.3

	
18.4

	
21.4

	
21.1

	
18.8

	
14.2

	
10.2

	
8.1




	
Tmax

(°C)

	
11.6

	
13.2

	
15.9

	
17.1

	
20.2

	
25.4

	
29.2

	
29.2

	
25.9

	
19.8

	
15.0

	
12.4




	
Tmin

(°C)

	
2.2

	
3.5

	
4.6

	
6.0

	
8.5

	
11.5

	
13.5

	
13.0

	
11.7

	
8.5

	
5.3

	
3.8




	
Paverage

(mm)

	
155.7

	
133.6

	
74.8

	
105.2

	
95.9

	
66.0

	
50.5

	
30.6

	
75.2

	
133.2

	
135.9

	
195.4




	
Guarda

Location:

40°31’ N

7°15’ W

Altitude:

1019 m

	
Taverage

(°C)

	
4.0

	
5.2

	
7.2

	
8.0

	
11.6

	
15.9

	
19.1

	
19.4

	
16.4

	
11.3

	
7.5

	
4.9




	
Tmax

(°C)

	
6.8

	
8.2

	
10.8

	
12.0

	
15.7

	
20.5

	
24.5

	
24.6

	
21.2

	
14.8

	
10.3

	
7.4




	
Tmin

(°C)

	
1.2

	
2.0

	
3.3

	
4.2

	
7.4

	
11.0

	
13.7

	
13.7

	
11.9

	
8.1

	
4.8

	
2.5




	
Paverage

(mm)

	
100.1

	
87.4

	
53.3

	
83.1

	
84.9

	
43.4

	
19.6

	
11.0

	
47.5

	
103.2

	
106.7

	
141.8




	
Castelo Branco

Location:

39°50’ N

7°28’ W

Altitude:

386 m

	
Taverage

(°C)

	
7.9

	
9.6

	
12.7

	
13.1

	
16.8

	
21.0

	
25.0

	
24.4

	
21.3

	
16.3

	
11.7

	
9.0




	
Tmax

(°C)

	
11.8

	
14.0

	
18.0

	
18.6

	
22.3

	
27.3

	
32.1

	
31.6

	
27.3

	
21.0

	
15.7

	
112.5




	
Tmin

(°C)

	
3.9

	
5.2

	
7.5

	
8.0

	
11.2

	
14.6

	
17.9

	
17.2

	
15.2

	
11.6

	
7.7

	
5.6




	
Paverage

(mm)

	
108.0

	
56.7

	
36.9

	
58.1

	
65.1

	
25.2

	
8.9

	
8.4

	
36.5

	
105.5

	
118.8

	
128.2




	
Casal do Rei

Location:

40°31’ N

7°55’ W

Altitude:

470 m

	
Taverage

(°C)

	
8.5

	
9.0

	
11.5

	
12.5

	
16.0

	
19.0

	
22.0

	
22.0

	
20.0

	
16.0

	
11.5

	
9.0




	
Tmax

(°C)

	
12.0

	
13.0

	
16.0

	
17.0

	
21.0

	
25.0

	
29.0

	
29.0

	
26.0

	
20.0

	
15.0

	
13.0




	
Tmin

(°C)

	
5.0

	
5.0

	
7.0

	
8.0

	
11.0

	
13.0

	
15.0

	
15.0

	
14.0

	
12.0

	
8.0

	
6.0




	
Paverage

(mm)

	
123

	
90

	
77

	
81

	
60

	
22

	
7

	
10

	
39

	
118

	
114

	
131
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