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1. Brief 

Life-Nieblas is a Life Programme financed project provided by the European Commission that 

support projects involved in climate action, natural habitat restoration and sustainable 

development. In addition to the European financing, Life-Nieblas counts with the financial 

support from Cabildo de Gran Canaria as the public administration where this project has been 

developed.  

Life-Nieblas is a pioneer case study on the use of fog water collection as main source of water 

supply for the irrigation and maintenance of reforested areas. Reforestation methods will take 

shape of different technologies that have been observed to be beneficial or that have the 

potential to be further developed including Individual Fog Water Collectors, Cocoons 

όŘŜǾŜƭƻǇŜŘ ƛƴ ŀƴƻǘƘŜǊ [ƛŦŜ ǇǊƻƧŜŎǘ Ψ¢ƘŜ DǊŜŜƴ [ƛƴƪΩύΣ !C5{ ό!ǳǘƻƴƻƳƻǳǎ CƭǳƛŘ 5ƛǎŎƘŀrge 

System) and finally traditional reforestation as control group.  

Furthermore, this Life-Nieblas looks into the transferability and replication potential of the 

technology tested. Not only will the project focus on the reforestation aspect but also on Fog 

Water Collectors (FWC) technology as the main (and only) source of water. In this case, 

technology has been tested in labs to improve FWC design and efficiency, they will not only 

become easier to install and transport but also will collect more water by surface exposed. 

The final objective of this project will be to adapt technology to be exported to different 

European regions (and out of the EU) where fog conditions have the potential to improve 

water availability and assist in natural habitat recovery. Eventually, finding transferability into 

the agriculture sector where farmers can take advantage from collecting their own water. 

Henceforth, Life-Nieblas will contribute in climate change mitigation action (by reduction of 

emissions), carbon capture (by natural habitat recovered) and with the development of 

sustainable technology.    
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2. Summary 

This document includes a description of the main factors influencing vegetation development 

at the two sites proposed for field trials by Life-Nieblas. These areas are located in the Canary 

Islands (Gran Canaria, Valleseco, El Andén) and Portugal (Vouzela and Carregal do Sal). Both 

areas are under desertification and severe drought risks that require significant water 

contributions for reforestation.  

According to the project´s objective, innovative reforestation methodologies based on 

dew/fog water capture will be tested and compared to traditional reforestation methods. The 

Gran Canaria area represents an optimum scenario for the implementation of fog collectors, 

with a subtropical desert climate with high influence of trade winds that cause frequent 

episodes of fog in the region. However, at the areas in Portugal, climate is Mediterranean 

tempered, with dry and warm summers, where the fog formation is significantly less frequent.  

Geologic substrates and soils are also contrasted between areas. Gran /ŀƴŀǊƛŀǎΩǎ geologic 

substrate is manly dominated by volcanic rocks, and in Portugal granite is the dominant parent 

material. These geological differences, jointly with climate and topography, heavily condition 

soil characteristics. Both areas are affected by erosion issues due to a poor vegetation 

development that increase run-offs during rain events.  

Restoration actions will be mainly focused on habitat restoration through the reforestation of 

key species. In Gran Canaria, ǘƘŜ ǎŜƭŜŎǘŜŘ Ƙŀōƛǘŀǘ ƛǎ ά9ƴŘŜƳƛŎ aŀŎŀǊƻƴŜǎƛŀƴ ƘŜŀǘƘǎέ όƘŀōƛǘŀǘ 

code 4050), and the plantation will be focused on dry laurel species. In Portugal, reforestation 

will aim to the restoration of habiǘŀǘ фнолΣ άDŀƭƛŎƛƻ-Portuguese oak woods with Quercus robur 

and Quercus pyrenaicaέΣ ŦƻǊ ǿƘƛŎƘ ǘƘŜ Ǉƭŀƴǘŀǘƛƻƴ ƻŦ ŘƛŦŦŜǊŜƴǘ vǳŜǊŎǳǎ ǎǇŜŎƛŜǎ ƛǎ 

recommended. 
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3. Characterization of the areas 

Two areas have been selected for reforestation in the context of Life-Nieblas. Those areas are 

under desertification and severe drought risks that require substantial water contributions for 

reforestation. According to the project´s objective, innovative reforestation methodologies 

based on dew/fog water capture will be tested in those areas, and they will be compared to 

traditional reforestation methods. Said areas are ravine El Andén, in the Canary Islands, and 

areas belonging to the municipalities of Vouzela and Carregal do Sal, in Portugal.  

 

3.1 Gran Canaria 

 

3.1.1 Site of Community Importance (SCI) ς Barranco de la Virgen ES7010038 

The project area in Gran Canaria is located in the ravine el Andén, land privately owned and 

ƭŜƴǘ ǘƻ ǘƘŜ ǇǊƻƧŜŎǘ ōȅ ΨIŜǊŜŘŀŘ ŘŜ !Ǝǳŀǎ ŘŜ !ǊǳŎŀǎ ȅ CƛǊƎŀǎ όI!!CύΩ which is included within 

Site of Community Importance (SCI) Barranco de la Virgen (ES7010038). The area was classified 

as Special Area of Conservation (SAC) under Decree 174/2009, 29th of December, por el que se 

declaran Zonas Especiales de Conservación integrantes de la Red Natura 2000 en Canarias y 

medidas para el mantenimiento en un estado de conservación favorable de estos espacios 

naturales (BOC nº 7, de 13 de enero de 2010). 

According to the management plan of this site (GC, 2015) there is presence of the habitats 

4050 ά9ƴŘŜƳƛŎ aŀŎŀǊƻƴŜǎƛŀƴ ƘŜŀǘƘǎέ, 9360 άaŀŎŀǊƻƴŜǎƛŀƴ ƭŀǳǊŜƭ ŦƻǊŜǎǘǎέΣ уннл ά{ƛƭƛŎŜƻǳǎ 

rocky slopes with chasmophytic ǾŜƎŜǘŀǘƛƻƴέΣ  фонл άhƭŜŀ ŀƴŘ /ŜǊŀǘƻƴƛŀ ŦƻǊŜǎǘǎέ and 9550 

ά/ŀƴŀǊƛŀƴ ŜƴŘŜƳƛŎ ǇƛƴŜ ŦƻǊŜǎǘǎέ. 

The project area is located in the municipality of Valleseco, at the west limit of the SAC, inside 

the area influenced by fog (800 m-1300 m).  
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Table 1. General information of the ravine El Andén project area. 

Coordinates of centroid, 

UTM (x,y,z) m 

X: 441088.826028 m E 

Y: 3101188.69685 m N 

Z: 1200 m 

Coordinates of centroid, 

(latº, longº, elev. (m))   

Lat: 28.034885° 

Long: -15.600131° 

Elev: 1200 m 

Municipality (name) Valleseco, Gran Canaria 

Total area subject to characterization (ha) 35.8 ha 

Property owner  Private (Heredad de Aguas de Arucas y Firgas) 
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Figure 1. Ortophoto of the project area with altitudinal ranges. 
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Figure 2. Topographic map of the project area and its hydrology. 
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Figure 3. Ortophoto of the project area. 
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Figure 4. Representative images of the project area showing overall vegetation coverage. The El Andén ravine 
displays dispersive pines (dark colour) together with Laurisilva forest in the channel of the ravine. Substitution 
vegetation can be clearly observed in the slopes. 
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3.1.2 Geology 

Gran Canaria is a geologically mature island where the relief presents more features of erosion 

than volcanic modelling. It has been active for at least 15-14 Ma and there is no volcanic 

activity at present. Evolved mafic magmas generated an extreme compositional spectrum as 

well as large explosive saline eruptions.  

There are two well-marked domains on the island: the Paleo-Canaria (south-western region), 

being the oldest geologically dated area, as well as featuring the most prominently embedded 

hydrographical network of the entire island. The second domain, the Neo-Canaria (northeast 

region), to which lies the area of interest, in respect to the Project, is characterized primarily 

by a smoother topography, typically as a result of the more recent strombolian volcanic 

eruptions (last occurrence recorded< 3 Ma). 

 

Figure 5. Geologic map of Gran Canaria. 

 

 

The project area is defined by two (2) separate geological morphologies: 

- Intercalation of various types of volcanic lava (unit 49) in eruptive phases at 400 m depth, 

forming extrusive igneous rocks, such as: 

ǒ Trachyte- Rock composed of felsic minerals (varying degrees of whitish and grayish 

colours), being abundant in alkali feldspars and possessing a porphyritic texture.  

ǒ Phonolite - An extrusive volcanic rock, characterized by colours of yellowish grey to 

green, being also very rich in alkaline minerals, particularly potassium feldspar and 

feldspathoids. 
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ǒ Tephrite - A fine-grained volcanic rock of a composition similar to basalt (excluding 

the mineral olivine), but with leucite or nepheline, with properties of sodium-rich 

minerals being more typically characteristic of the Canary Islands.  

 

- Igneous rocks, dominantly enriched with mafic minerals (exhibiting a darker appearance), 

(unit 66) exhibiting a porphyritic texture, including:  

ǒ Basalt-nepheline. 

ǒ Basalt (most abundant seafloor rock composition).  

ǒ Tephrite. 

 

  

Figure 6. Geologic map of the project area where it can be clearly seen the units 49 (brown colour with lines) and 
unit 66 light (plain green colour). 
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3.1.3 Geomorphology and hydrology  

Gran Canaria is characterized by a complex morphology, with a rugged topography. From the 

morphological point of view, it appears to have a predominantly circular shape of 45 

kilometres in diameter. The conical transverse profile of this dome has the highest point in the 

central area, formally identified as Pico de Las Nieves, 1,949 m. The island, circular in shape, is 

deeply carved by a radial network of ravines, beginning from the peaks towards the coastline. 

Morphological features present a considerable degree of uneven topography, areas of high 

relief, and a very steep orography overall. The coastline is also very irregular, distinguished by 

large cliffs present in the western region and wide beaches and smooth platforms in the 

eastern and southern regions respectively. The Project area is situated at an approximate 

altitude of 1200 m above mean sea level, as can be observed in Figure 1. 

The intricate radial network of ravines is unique to Gran Canaria, primarily consisting of a 

multi-layer heterogeneous aquifer radiating from the centre of the island towards the coast. 

Yet, due to the nature of the materials, the aquifer is composed of small units with lateral 

connections that emerge from numerous small springs (Custodio and Llamas, 1983). 

The hydrodynamic flow is affected by the volcanic structure and the permeability of such 

igneous formations. The major source of water is obtained from the aquifer or groundwater 

source located towards the summit of the island (consisting of permeable layers), which flows 

towards the coast, intertwined with intermediate outlets of springs (that have since dried out 

and been replaced by extraction wells), and ultimately to the sea via artificial discharge 

through wells and water galleries. 

The project area has low permeability with a soil composed of detritics (quaternary) and 

medium permeability with materials such as pyroclasts and lava, with high level of 

permeability (Figure 7).  

The water table varies significantly by cause of the geomorphology of the island with values 

from -100m to 1400m. in the project area the water table fluctuates between 200 and 600m 

as seen in Figure 5. 
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Figure 7. Permeability of different lithological substrates in Gran Canaria. 
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Figure 8. Gran Canaria Water Table map for 2007-2009. 
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3.1.4 Soil 

5ǳŜ ǘƻ ƛǘǎ ǾƻƭŎŀƴƛŎ ƴŀǘǳǊŜ ŀƴŘ ƳƻǊŜ ƎŜƻƭƻƎƛŎŀƭƭȅ ΨǊŜŎŜƴǘΩ ŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜ ƻǾŜǊŀƭƭ /ŀƴŀǊȅ 

Islands archipelago, the soil composition is relatively uniform and characteristic of igneous 

formations. Leptosols and Cambisols are the most common soils in the Island, and those are 

also present in the project area, where five (5) soil groups are present:  

 

1. Leptosols: their formation is linked to the topography of the island, as a result of 

weathering and erosion processes. The soil is thin, with poor nutrients and fertility. 

This soil type is the most common in the area, jointly with andosols. 

2. Andic Cambisols:  group of soils very well represented in Gran Canaria, situated in a 

transition zone between the midlands and the monteverde, or pine forests. This soil 

type supports degraded fayal-heather vegetation, which alternates spatially with 

cultivated and anthropized areas. The typical physical characteristics include ranges of 

brown-coloration and ferralitic soils and true andosols.  

3. Andosols: colloquially referred to as ΨŦƻǊŜǎǘ ƳŀǘŜǊƛŀƭΩΣ ǎǳŎƘ ǎƻƛƭ ƛǎ ǊƛŎƘ ǿƛǘƘ ǾŀǊƛƻǳǎ 

nutrients and minerals and categorized as fertile, in comparison to the other types of 

soil native to the Canary Islands.  The respective profile of soil type is typically featured 

in areas with permanent humidity, as a result of condensation, introduced by trade 

winds and fog formation, which are essential for the abundance of organic matter and 

nutrients. The physical appearance of this soil is defined by a balanced texture, mainly 

described as very silty and clumpy. 

4. Ferralsols: the presence of ferralsols exemplifies materials of an older geological 

formation, dating to the Tertiary Period, and has since been highly altered, as a result 

of heavy erosion and weathering processes. The ferralsols are situated within the 

deeper stratigraphic layers of the island, and are classified as clay soils, being poor in 

nutrients with low natural fertility. The geological age and the more recent burial of 

such layers by materials introduced from the later eruption events, have led to the 

formation of these ferrasols.  

5. Umbrisols: soils that occupy the most abrupt and unstable areas of this bioclimatic 

profile of the island. They are characterized by presenting a thick organic horizon, 

being very stable and resistant to erosive processes. The stratigraphic layers of 

umbrisols are extremely fragile, existing in a very unstable balance with natural 

vegetation, so that any anthropic action introduced to such areas, can be subjected to  

degradation processes (erosion, acidification, biological degradation), resulting in the 

impoverishment of their natural wealth.  
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Figure 9. Gran Canaria Soil map (Sánchez, 1995). 
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3.1.5 Climate 

Regarding to climate, Gran Canaria presents a tropical and subtropical desert climate 
according to Köppen classification (Table 2), with an average temperature in winter of 18ºC 
and 25ºC in summer. However, microclimate is very different depending on the sector of the 
Island, due to the trade winds and the mountainous orography. In the area of Valleseco, 
climate is very dry in summer, with a lack of precipitations, and wet in winter and autumn 
(Figure 10). The area is relatively windy (average wind speed 9.9 km/h), with a dominance of N 
and SE winds (28%) (Figure 11). Regarding to the fog presence, the upper part of El Andén 
ravine is considered an area with high probability of horizontal precipitation (Figure 12) (CGC, 
2020; Santamaria and Borges, 2020).   

 

 

Table 2. Climate summary for Gran Canaria. 

Köppen Classification Tropical and Subtropical Desert Climate 

Highest average monthly maximum 

temperature (ºC) 

25 ºC 

Lowest average monthly minimum 

temperature (ºC) 

9,7 ºC 

Total annual precipitation (mm/y) 593 mm\y 

Rainy days per year 51 days 

Dry period (months) 5 months 

Potential Evapotranspiration (mm/y) No data 

Foggy days per year No data 

Dominant wind direction South East (SE)  

Average wind speed (km/h) 9.9 Km/h 

Additional Comments None 
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Figure 10. Rainfall and temperature changes per month. 

 

 

 

Figure 11. Distribution of wind direction and wind speed in Valleseco observatory (AEMET, 2020). 
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Figure 12. Areas with high probability of horizontal precipitation (CGC, 2020) and localization of the area 
proposed to install the fog captors in the high part of the El Andén ravine. 
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3.1.6 Vegetation 

Table 3. Current vegetation in El Andén. 

Current vegetative cover  Hypericum canariense 

Rubus ulmifolius 

Adenocarpus foliolosus 

Artemisia thuscula 

Chamaecytisus proliferus 

Bencomia caudata 

 Pteridium aquilinum 

 

Canopy cover (%) 90% 

Vegetation height (m) Less than 1 m. 

Dominant species substitution communities 

 

 

 

3.1.7 Fauna 

Table 4. Fauna found in El Andén. 

Animals native to the site Columba junoniae, Parus caeruleus, Chalcides 

sexlineatus, Dendrocopos major, Erithacus rubecula, 

Fringilla coelebs, Tarentola boettgeri, Serinus canaria, 

Columba livia, etc. 

Known pests & diseases none 

Grazing none 
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3.1.8 Land Use and Management Practices 

 

Table 5. Land use and management. 

Previous plantings or 

crops (Y/N) 

None. 

Disturbances (fire, 

clearing, overgrazing, ...) 

The area is characterized for presenting a high level of 

degradation for: the harsh climate, the high exposure to 

sunlight and the anthropogenic factors, primarily deforestation 

activities throughout the last centuries. Also, the recent wildfire 

activity serves as a contributory factor for overall land 

degradation. However, no intense erosive processes are 

detected, despite the area has a high or very high risk of 

potential erosion. 

Site access Appropriate. 

Access to water The fog collector will provide 100 % of the water needed for the 

project. 

Fertilization available 

(manure, etc.) 

Not need of fertilization.  

Fence (type) No need of fence. 

Maintenance needs The maintenance needed will be during the first years and it will 

be related to irrigation system and clearance activities in order 

to allow the new plant to grow.  
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3.1.9 Stakeholders  

 

The overall project and associated scope of works include various national and local 

stakeholders, showing interest in a variety of aspects, including but not limited to:  

 Implementation of fog collectors 

 reforestation typologies, practices, and feasibility of replication methods, that shall be 

tested, along with the corresponding required equipment 

 place strategic value on the obtained results of study and practices associated with the 

project 

 promote such values as a critical tool for the mitigation of climate change throughout 

various sectors, beyond reforestation  

 effective and qualitative management, engagement, and execution of works 

throughout all phases of expected construction 

 

The contributory stakeholders to be involved with the project are outlined in table 6.  
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Table 6. Stakeholders involved in Gran Canaria. 

Stakeholders  Organization 
Description 

Activities  Significance 

TAMADABA S.L.   Rural and nature 
tourism company 

Reforestation Manages the rural and nature 
tourism complex named 
Redondo de Guayedra, placed in 
a property of more than 200 has 
in the, of the Natura 2000 
Network, and in the Natural Park 
of Tamadaba, with a great 
ecological, cultural and 
archaeological value, where with 
the collaboration of the Council 
of Gran Canaria 

Foresta 
Foundation 

Private capital 
foundation 
executing Local (to 
the Canary Islands, 
Spain) non-profit 
entity (established in 
1998) 

Reforestation  Primary objective is set for the 
recovery, maintenance, and 
preservation of forestry 
throughout the Canary Islands 

Red Eléctrica de 
España, S.A.U.  

National Electrical 
company established 
since 2009 

Reforestation 
activities "Red 
Eléctrica Forest" 

Contributory to combat climate 
change by planting and 
monitoring of trees, conservation 
of environments with rich 
biodiversity, and restoration of 
impacted significant natural 
areas 

Association of 
Farmers and 
Ranchers of the 
Canary Islands 
(ASAGA Canarias 
ASAJA) 

Association Awareness, 
diffusion  

Representation, management, 
promotion, and defense of 
professional and economic 
interests of the agricultural 
society and industry and 
associated  agrarian practices  
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3.1.10 Land Degradation Features  

The Project area is located within the vicinity of El Andén ravine, with higher exposure to 

sunlight, is highly degraded and impacted due to the harsh climate and anthropogenic factors, 

primarily deforestation activities throughout the last centuries. In addition, the increasing and 

more recent wildfire activity in this area also serves as a contributory factor for overall land 

degradation.  

Natural factors (i.e. biophysical, meteorological, and climatic) leading to overall land 

degradation in the area are substantially significant, as opposed to any socio-economic factors 

that may affect it.  

 
Table 7. Main ecological threats in El Andén area, included in ES7010038 Barranco de la Virgen. 

 Area in ES7010038 Barranco de la Virgen  

 

Threat 

factors 

- Forest fires 

- Deforestation activities 

- Drought 

- Hydrological disruption 

- Erosion and geotechnical processes 

 

3.1.11 Restoration Objectives  

Lƴ DǊŀƴ /ŀƴŀǊƛŀ ǊŜŦƻǊŜǎǘŀǘƛƻƴ ŀŎǘƛƻƴǎ ǿƛƭƭ ǘŀƪŜ ǇƭŀŎŜ ƛƴ ǘƘŜ ǇǊƛƻǊƛǘȅ Ƙŀōƛǘŀǘ плрлΣ ά9ƴŘŜƳƛŎ 

aŀŎŀǊƻƴŜǎƛŀƴ ƘŜŀǘƘǎέ ŀƴŘ фослΣ άaŀŎŀǊƻƴŜǎƛŀƴ ƭŀǳǊŜƭ ŦƻǊŜǎǘǎέΦ ¢ƘŜ objective of habitat 

restoration includes the implementation, protection and expansion of these protected 

habitats, where dry laurel forest species would be planted. The primary aim is to promote 

proactiveness in conservation and compensation for habitat damage and/or loss, as well as 

improving the general resilience of the area subject to land degradation factors.  Another key 

objective is to improve the environmental quality and water infiltration and permeation to the 

underlying soil strata, control runoff and reverse, or mitigate the currently increasing 

desertification process.  

Moreover, the area shall serve as a case study for the installation of various types of fog 

collectors and four (4) independent irrigation systems, in order to effectively assess and 

evaluate the practicality and benefits of each methodology within the studied area.  

In table 15 species selected for planting in El Andén (Gran Canaria) are listed. According to the 

Iberian and Macaronesian Vegetation Information System, all the species are endemic to the 

Canary Islands or are present there, (http://www.sivim.info/sivi/). These species belong to the 

evergreen monteverde that will help restore and preserve the targeted habitat, 4050 

"Endemic Macaronesian heaths". 

http://www.sivim.info/sivi/
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Table 8. Species proposed for planting en El Andén, Gran Canaria. 

Common Name  Scientific Name 

Brezo Erica arborea 

Laurel Laurus novocanariensis 

Acebiño Ilex canariensis 

Faya Myrica faya 

Palo Blanco Picconia excelsa 

Barbusano Apollonias barbujana 

Mocán Visnea mocanera 

Madroño Canario Arbutus canariensis 

Bencomia Bencomia caudata 

Follao Viburnum rigidum 

Peralillo Maytenus canariensis 

Tajinaste azul Echium callithyrsum 
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3.2 Portugal  

 

The project includes two intervention areas located in the territory of CIM Viseu Dão Lafões. 

Vouzela is classified as a local protected area Carregal Do Sal (PTCON0027) is a Site of 

Community Importance (SIC) and classified as Special Areas of Conservation (SAC) integrated in 

the Natura 2000 Network. 

3.2.1 Vouzela 

The area to be intervened under the "Life-Nieblas" project, belonging to the municipality of 

Vouzela, is inserted in the Local Natural Park Vouga-Caramulo, classified as a local protected 

area under Article 15 of Decree Law No. 142/2008 of July 24 (Regulation No. 256/2015 

published in the Official Gazette of May 15, 2015). 

 
Figure 13. Location map of the Vouzela area. 

 

The Vouga-Caramulo Local Natural Park extends over an area of 11,739 hectares, between the 

Caramulo Mountain and the Vouga River, and aims to promote the conservation and 

enhancement of natural heritage and landscape, its biodiversity and sustainable development. 
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3.2.1.1 Characterization of the areas subject to intervention 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Land Use and Cover Map in the Vouzela area. 

 

Centroid coordinates 

(latitude, longitude) 

Latitude: 40.716964,  

Longitude: -8.096982 

Municipality (name) Vouzela 

Parish Parish Councils of Vouzela and Paços 

de Vilharigues and Parish of Ventosa 

Area subject to characterization and intervention 

(ha) 

4,2 

Owner Vouzela Municipality 
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Figure 15. One of the areas of intervention in Vouzela. 

 

 

 

Figure 16. One of the areas of intervention in Vouzela. 
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Figure 17. General view of the area for intervention in Vouzela. 

 

3.2.1.2 Biogeographic Units 

 

The area is located between Serra do Caramulo and Rio Vouga, its vegetation presents 

influences from the Euro-Siberian and Mediterranean biogeographic elements (Costa et al. 

1998). The vegetation cover of the site presents itself as a heterogeneous mosaic of high 

species diversity, especially of Atlantic nature, where several species of oak, the cork oak, 

some examples of maritime pine, among others, predominate. In the understory predominate 

areas of bush (broom, gorse, heather, grasses).  The area is colonised by the species Acacia 

dealbata (mimosa), classified in Portugal as an invasive species under Decree-Law No. 92/2019 

of 10 July. About 67% of the area was burnt by wildfire in the year 2017, and no intervention of 

any kind has been carried out to date (Figure 2, Figure 3 and Figure 4). 

 

 

3.2.1.3  Geology and geomorphology 

In geological terms and according to the great morphostructural units of the Iberian Peninsula, 

the areas to intervene are included in the Hesperic (or Iberian) Massif, characterized in general 

terms by the predominance of formations of Proterozoic and Paleozoic age metamorphosed, 

deformed and intruded by granitic plutonites during the Variscan orogeny (Ribeiro et al., 1979; 

Ribeiro, 2006; Dias, 2006). 
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According to distinctive paleogeographic, structural style, magmatism and metamorphism 

characteristics, the Hospheric Massif was divided into several geotectonic zones (Lotze, 1945; 

Ribeiro et al., 1979), and the area in question is part of the Central Iberian Zone (Figure 18). 

 

 

 

Figure 18. Morphostructural units of the Iberian Peninsula. Adapted from Pérez-Estaún et al. (2004). 

 

The Central Iberian Zone is dominated by the Schist-Granuvacic Complex, composed of 

metamorphosed schists and grauvaques, and by the Vartisian Granitoids, composed of 

magmatic granitoid rocks. 

 

In the area of Vouzela parental materials are dominated by shales and granites of different 

types. The shales belong to the previously mentioned Shale-Grauvakic Complex, however the 

dominance in this area is dominated by granite, which has mostly resulted from the 

consolidation of a common magma. 

 

3.2.1.4  Soils 

 

The area is dominated by Humic Cambisols. The soils are poorly evolved (mineral horizon of 

maximum expression of color, consistency and structure, of clay and organic matter 

concentration removed from the upper horizons) and are formed from non-calcareous rocks. 

In the case of the area in question, their origin is from eruptive rocks, where granites dominate 

with the abundant presence of rock clusters. 
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3.2.1.5 Hydrology 

 

The presence of a waterline is reflected in the immediate surrounding region as a result of a 

number of important variations in the environmental conditions of the land adjacent to it. 

The most striking factor is undoubtedly the greater availability of water in riparian areas, which 

translates into greater proximity to the water table, with consequences for the development 

of vegetation. 

 

Easily identifiable from a distance, the areas surrounding the water lines are characterized by 

the presence of their own flora, greater humidity and a milder thermal regime. The influence 

of water lines is not limited only to their banks, and in some cases it is possible to verify the 

existence of a humidity gradient that begins within the body of water itself and continues until 

a point, more or less distant, where the landscape resumes the characteristics of regions 

where there is no free water. 

 

The area in Vouzela (Vouga - Caramulo Local Natural Park) includes places in the hydrographic 

basin of the Zela river, a tributary of the Vouga river, where there are non-permanent water 

lines that run between granite rocky elevations. The species that constitute the riparian 

galleries are mostly deciduous and resistant to submergence by floods, easily regenerating 

damaged branches. However, the distribution of the riparian plant community is conditioned 

by the bio-edaphic-climatic requirements of each location. 

 

The existing tree species are alder (Alnus glutinosa), poplar (Populus spp.), ash (Fraxinus 

angustifolia subsp. angustifolia), birch (Betula alba), elm (Ulmus minor), oak (Quercus robur) 

and black alder (Frangula alnus). 

 

Among the shrub communities more characteristic of the banks of water courses are the 

elderberry (Sambucus nigra), cistus (Cistus salvifolius), bramble (Rubus ulmifolius), honeysuckle 

(Lonicera periclymenum) and hawthorn (Crataegus monogyna). 
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Figure 19. Map of the main water lines in Vouzela area. 

 

3.2.1.6 Climatic data 

 

The results of the 1971-2000 climatological normals, the latest available, allow us to identify 

the different types of climate, having used for mainland Portugal the Köppen-Geiger 

classification, which corresponds to the last revision of Köppen in 1936. The results obtained 

by the mapping, for this climate classification, allow confirmation that in most of the 

Continental territory the climate is Temperate, Type C, being verified the Cs subtype 

(temperate climate with dry summer), and the areas in question are inserted in the variety Csb 

(temperate with dry summer and temperate) - temperate climate with dry summer and mild, 

in almost all regions north of the mountainous system Montejunto-Estrela and the regions of 

the west coast Alentejo and Algarve. 

 

For the parameters "fog", "average wind speed" and "insolation" we considered the data of 

the Climatological Normals 1971-2000 for the station of Viseu (Latitude: 40º40'N; Longitude: 

07º54'W; Altitude: 443 meters) (Instituto de Meteorologia, I.P., 2020). 

- The average number of days with fog per year is 14.9. 

- The average annual wind speed is 5.1Km/h.  

- The number of insolation hours per year is 2406.7. 

 

It is important to note that the data presented for the Viseu station may have differences 

compared to the values recorded in the municipality of Vouzela, specially for the term 
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άaverage number of days with fog per year άΦ !ŎŎƻǊŘƛƴƎ ǘƻ ƭƻŎŀƭ ƻōǎŜǊǾŜǊǎ ǘƘŜ ƴǳƳōŜǊǎ ƻŦ Řŀȅǎ 

with fog per year it is substantially higher. 
 

Table 9. Climate data from the Viseu station (Agência Portuguesa do Ambiente, 2018). 

Average annual precipitation (mm) Between 1600 and 2000mm 

No. of days with precipitation More than 100 days  

Average annual temperature (ºC) Between 10 and 12,5 
0
C 

No. of days with frost Between 1 and 5 days 

Relative humidity (%) Between 70 and 75 

 

 

3.2.1.7 Specific objectives of the Vouga-Caramulo Local Natural Park 

 

a) The conservation of nature and biodiversity and the enhancement of natural 

heritage and landscapes as prerequisites for sustainable development;  

b) The promotion of activities essential to the knowledge and promotion of the natural 

values present;  

c) The creation of recreational areas at the local level, promoting rest and outdoor 

activities, in balance with the safeguarded natural values;  

d) Promoting the economic integration of natural heritage management, including job 

creation and the enhancement of ecosystem services management activities. 

The Vouga -Caramulo (Vouzela) area is characterized by an extensive area of native species 

mostly consisting of maritime pine, oak, chestnut, alder, willow, laurel and oleander.  

Native forests are better adapted to the soil and climate conditions of the territory, so they are 

more resistant to pests, diseases, long periods of drought or heavy rainfall, compared to 

introduced species, as well as help maintain the fertility of rural areas, the biological balance of 

landscapes and the diversity of genetic resources. 

According to the Action Plan approved by the Steering Committee of the Vouga Caramulo 

Local Natural Park, the actions to be implemented in the area in question are framed in 

Intervention Area 3 - Conservation, and include the actions planned for Action 3.1 - 

Management Plan, whose specific objective is to preserve and restore the areas of the Natural 

Park, and for Action 3.2 - Aforestation and Reforestation Actions, whose objective is to ensure 

the conservation of the landscape and the characteristics of the Park.    
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3.2.2 Site of Community Importance (SIC) - PTCON0027 Carregal do Sal 

The site was classified under the Resolution of the Council of Ministers no. 142/97 of 28 

August, covers a total area of 9554ha, and is distributed over the municipalities of Carregal do 

Sal, Oliveira do Hospital, Seia and Tábua. 

According to the Regional Plan of the Natura 2000 Network of the ICNF, IP, which identifies the 

types of natural habitats of community interest listed in Annex I of the Habitats Directive, the 

presence of the following priority habitats are verified at ǘƘƛǎ {ƛǘŜΥ άLaurus nobilis arborescent 

ǎƘǊǳōǎέΣ άThero Brachypodietea ƎǊŀǎǎ ŀƴŘ ŀƴƴǳŀƭ ǎǳōǎǘŜǇŜǎέ and ά!ƭƭǳǾƛŀƭ ŦƻǊŜǎǘǎ ƻŦ Alnus 

glutinosa and Fraxinus excelcior (Alno Padion, Alnion incanae, Salicion albaeύέΦ Moreover, 

ǘƘŜǊŜ ƛǎ ŀƭǎƻ ǇǊŜǎŜƴŎŜ ƻŦ Ƙŀōƛǘŀǘ фнол άDŀƭƛŎƛŀƴ-Portuguese oaks with Quercus robur and 

Quercus pyrenaicaέΦ 
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Table 10. Location characteristics of the Carregal do Sal area. 

Coordinates of centroid 

UTM (x,y,z) m 

X: 16509,809 

Y: 85439,530 

Z: 303 m 

Coordinates of centroid 

(latitude, longitude)   

Latitude: 40.437569° 

Longitude: -7.938522° 

County Carregal do Sal 

Parish Oliveira do Conde 

Total area subject to characterization 
(ha) 

39.29 

Intervention area (ha) 6 

Owner Area managed by the 
parish council of Oliveira 
do Conde 

 

 

Figure 20. Orthophotomap and delimitation of Carregal do Sal area. 
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According to the landcover map (figure 21), in this area there is also a marked presence of 

rocky clusters. The vegetation cover of the soil is characterized by the existence of bushes 

(heather, broom, gorse and diverse grasses) and areas with some specimens of scattered 

stone. 

In areas close to water lines, there is a greater vegetation development of scrub. The bushes 

are dense shrub communities that result from the degradation of forest formations. With their 

origin directly linked to fire, they are the result of increasingly shorter firing cycles, which 

sometimes consume appreciable extensions of this formation. 

The woods can reach such a dimension in the landscape that they can be considered as the 

matrix where all other landscape units are inserted. The area was hit by fires in 2014 and 2017, 

and no intervention has been carried out to date. 

 

 

Figure 21. Landcover map of Carregal do Sal area. 
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Figure 23. Specimens of tame pine in Carregal do Sal area. 

 

According to the Natura 2000 Regional Plan, for the identified Site the species of flora and 

fauna of interest for conservation are presented in table 11. 

 

Figure 22. Current land occupation in Carregal do Sal area: scrub and 
scattered trees. 
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Table 11. Fauna and flora of interest for conservation at PTCON0027. 

Flora Fauna 

Narcissus scaberulus  Chondrostoma polylepis 

Narcissus bulbocoduim Chioglossa lusitanica  

Narcissus triandus Lacerta schreiberi 

 Rutilus macrolepidotus 

 Galemys pyrenaicus 

 Lutra lutra 

 

It is important to remark that Narcissus scaberulus is a Portuguese endemism and Chioglossa 

lusitanica is an endemism of the Iberian Peninsula. 

 

3.2.2.1 Biogeographic units 

The area inserted in the PTCON0027 Carregal do Sal site, presents vegetation influenced by the 

elements of the Mediterranean biogeographic region. 

The continental Euro-Siberian areas, in general of temperate macrobioclima, have generically 

as potential vegetation, that is, as a successional stage of greater structural complexity in the 

zonal soils exclusively benefited by macroclimatic precipitation - forests dominated or co-

dominated by the oak (Quercus robur). 

The Mediterranean biogeographical region encompasses territories of greater climatic and 

lithological diversity, which is why its potential natural vegetation is also very diverse. 

In the Mediterranean Region, summer rains are scarce and the plants are subjected to at least 

two dry months, in which the average monthly precipitation, expressed in millimeters, is less 

than twice the value of the average monthly temperature, in degrees centigrade. 

Characteristic of this biogeographic region are forests and thickets, consisting of trees and 

shrubs with persistent and leathery leaves, such as holm oak (Quercus rotundifolia), cork oak 

(Quercus suber), Quercus coccifera or zambujeiro (Olea europaea var. sylvestris). 

In the Mediterranean areas, the annual Helianthemetea class meadows are particularly 

diverse, very common communities in the clearings of low forests (cistus, heather and thyme) 

subject to high recurrence fires. 

 

3.2.2.2 Geology and geomorphology 

Regarding geology and geomorphology aspects, Carregal do Sal area has the same 

configuration than Vouzela (see 3.2.1.3 section). Parental materials are mostly schists and 
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granites of different types. The shales belong to the aforementioned Schist-Grauváquico 

Complex, however the domain in this area is led by granite, which will mostly result from the 

consolidation of a common magma. 

 

3.2.2.3 Soil 

Soils in Carregal do Sal are similar to Vouzela. Soils are poorly evolved (mineral horizon of 

maximum expression of color, consistency and structure, of concentration of clay and organic 

matter removed from the upper horizons) and are formed from non-limestone rocks. They are 

classified as Humic Cambisols (WRB, 2015).  

 

3.2.2.4 Hydrology 

The presence of a water line is reflected in the region immediately surrounding it, because of a 

series of important variations in the environmental conditions of the land adjacent to it. 

The most striking factor is, without a doubt, the greater water availability of the riverside 

areas, which translates into greater proximity to the water table, with consequences on the 

development of vegetation. 

Easily identifiable at a distance, the areas surrounding the water lines are characterized by the 

presence of their own flora, greater humidity and a milder thermal regime. The influence of 

water lines is not limited only to the margins of these, being possible, in some cases, to verify 

the existence of a moisture gradient that begins inside the body of water itself and that 

extends to a point, more or less away, where the landscape resumes the characteristics of 

regions where there is no free water. 

The project area in Carregal do Sal is composed of some granitic elevations, intersected by 

water lines included in the river basins of the Mondego River. 

In the slopes of maximum slope of the referred water lines, as well as in the adjacent ridges, 

there are the most degraded or incipient soils that support a shrub vegetation dominated by 

white broom (Cytisus multiflorus), and granitic manure in abundance. 

These types of soil and granite outcrops constitute the preferred habitat of Narcissus 

scabelurus, a Portuguese endemism, whose occurrence is exclusive to this site. 
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Figure 24. ²ŀǘŜǊƭƛƴŜΩǎ location map in Carregal do Sal area. 

 

3.2.2.5 Climate 

The results of the 1971-2000 climatologic norm, the last available, allow the identification of 

different types of climate, with the Köppen-Geiger classification being used for Mainland 

Portugal, which corresponds to the last Köppen revision in 1936. The results obtained by 

cartography , for this climatic classification, allow to confirm that in most of the Continental 

territory the climate is Temperate, of Type C, checking the Subtype Cs (Climate temperate with 

dry summer), being the areas in question inserted in the variety Csb (tempered with Dry and 

temperate summer) - temperate climate with dry and mild summer, in almost all regions north 

of the Montejunto-Estrela mountain system and in the regions of the west coast of Alentejo 

and Algarve. 

 

For the parameter "fog", "average wind speed" and " insolation " the data from the 1971-2000 

Climatologic Norms for the Viseu station were considered (Latitude: 40º40'N; Longitude: 

07º54'W; Altitude: 443 meters) (Instituto de Meteorologia, IP, 2020). 

- The average number of foggy days per year are 14.9. 

- The average annual wind speed is 5.1 km / h. 

- The number of hours of insolation per year are 2406.7. 
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It is important to note that the data presented for the Viseu station may have differences 

compared to the values recorded in the municipality of Vouzela, specially for the term 

άaverage number of days with fog per year άΦ !ŎŎƻǊŘƛƴƎ ǘƻ ƭƻŎŀƭ ƻōǎŜǊǾŜǊǎ ǘƘŜ ƴǳƳōŜǊǎ ƻŦ Řŀȅǎ 

with fog per year it is substantially higher. 
 

Table 12. Climatic data of the areas to intervene (Portuguese Environment Agency, 2018). 

 

 

 

 

 

  

 Area in PTCON0027 Carregal 

do Sal 

Average annual rainfall (mm) Between 800 and 1000mm 

Number of days with 

precipitation 

Between 75 and 100 days 

Annual average temperature 

(ºC) 

Between 12,5 and 15 oC 

Number of days with frost Between 30 and 40 days 

Relative air humidity (%) Between 70 and 80% 
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3.2.3 Stakeholders 

The main stakeholders of the area are constituted by public and private entities that manage 
wasteland areas, and by the Institute for the Conservation of Nature and Forests (ICNF), a public 

institution who manages community areas.  

 
Table 13. Stakeholders involved in Portugal intervention areas. 

Stakeholders  Organization Description Activities  Significance 

Parish Councils Public entities that 
manage wasteland areas 

Afforestation and 
reforestation 

Areas managed by parish councils, which 
may be the object of afforestation and 
reforestation actions, with the objective of 
restoring and preserving areas. 

Assemblies of 
shares 

Private entities that 
manage wasteland units 

Afforestation and 
reforestation 

Areas managed by the assemblies of 
compartes, which may be the object of 
afforestation and reforestation actions, with 
the objective of restoring and preserving 
areas. 

Institute for the 
Conservation of 
Nature and 
Forests (ICNF) 

Public entity that manages 
community areas in the 
state (parks and nature 
reserves, natura network) 

Afforestation and 
reforestation 

Areas managed by ICNF, which may be the 
object of afforestation and reforestation 
actions, with the objective of restoring and 
preserving areas and habitats. 

 

3.2.4 Land Degradation Features  

This region is deeply affected by wildfires, which are the main degradation feature. Non-

selective logging is also an important disturbance. Both areas are heavily affected by water 

limitation threats, sometimes linked to water extraction, which affects water quantity and 

quality. Moreover, these areas are also affected by human disturbance, mainly linked to 

tourism.  
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Table 14. Main ecological threats in Vouzela and Carregal do Sal areas. 

 Area in Vouzela Area in PTCON0027 Carregal do Sal 

 

Threat 

factors 

- Forest fires 

- Cutting or uprooting oleander plants 

- Water abstraction (allocation of seasonal 

water lines) 

- Excessive visitation 

- Intensive planting of eucalyptus and Pinus 

pinaster 

- Forest fires 

- Non-selective deforestation in pine 

forest 

- Degradation of water quality 

- Human disturbance 

 

3.2.5 Restoration Objectives 

Lƴ tƻǊǘǳƎŀƭ ǊŜŦƻǊŜǎǘŀǘƛƻƴ ŀŎǘƛƻƴǎ ǿƛƭƭ ǘŀƪŜ ǇƭŀŎŜ Ƴŀƛƴƭȅ ƛƴ ǘƘŜ Ƙŀōƛǘŀǘ фнолΣ άDŀƭƛŎƛƻ-Portuguese 

oak woods with Quercus robur and Quercus pyrenaicaέΦ ¢ƘŜ ƻōƧŜŎǘƛǾŜ ƛǎ ǘƻ ǊŜǎǘƻǊŜ ǘƘƛǎ Ƙŀōƛǘŀǘ 

subject to land degradation and human impacts, as indicated before. As happens in Gran 

Canaria, another key objective is to improve water availability by reducing runoff and 

improving infiltration whilst reducing desertification risk. 

The primary objective of the project at both trial areas in Portugal is the restoration of the 

potential oak forest, which provides multiple ecosystem services and allows the combination 

of different traditional land uses, like logging and pasture. These land uses could be combined 

in the typical montado system, an agrosilvopastoral system that maximizes ecological values 

and local economy.  

Regarding Vouzela and Carregal do Sal field trials, a more restrict selection of species is 

considered (see table 16). Thus, efforts required for the project execution will be less intense 

ǘƘŀƴ ƛƴ DǊŀƴ /ŀƴŀǊƛŀΦ ¢ƘŜ Ƴŀƛƴ ƻōƧŜŎǘƛǾŜ ƘŜǊŜ ƛǎ ǘƻ ǊŜǎǘƻǊŜ Ƙŀōƛǘŀǘ фнолΣ άDŀƭƛŎƛƻ-Portuguese 

oak woods with Quercus robur and Quercus pyrenaicaέ. In order to accomplish with this 

objective, the plantation of these species is planned.  

In Carregal do Sal we have tiny soils that support several herbaceous and shrubby species, with 

an elevated presence of granite outcrops. Special importance should be given to this type of 

vegetation, since it is the preferred habitat for Narcissus scabelurus, a species that must be 

protected. 

Regarding to administrative procedures for planting in protected natural areas all the 

authorizations has been obtained from ICNF and landowners (table 19).   
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Table 15. Species selected for planting in Vouzela and Carregal do Sal, Portugal 

  

  

 

 

 

 

 

 

 

 

 

Table 16. Procedures performed - administrative authorizations. 

Location Procedure  State Authorisation date 

Carregal 
do Sal 

- Owner's authorization requested Authorized 18th May 2021 

- 
Authorization 
requested to 
ICNF 

- for planting Authorized 19th July 2021 

- Area in Natura 2000 
Network - authorization 
to carry out the actions 
proposed in the project 

Authorized 
24th October 2021 
6th January de 2022 

Vouzela 

- Owner's authorization request Authorized 10th May 2021 

- 
Authorization 
requested to 
ICNF 

- for planting Authorized 3rd September 2021 

- Area in Forest Regime 
Authorized 24th October 2021 

 

4. Potential areas for replication 

 

Regarding Canary Islands, extensive to the rest of the Macaronesian, fog formation is a process 

of orographic ascent of the humid mass of air from the N-NE Trade Winds that finds a thermal 

inversion in height, between 500 and 1500 m, which interrupts the ascent. Therefore, if this 

requirement is met, that the base/top of the inversion is located at the elevation of the chosen 

site, the orientation is correct, and there is also an adequate wind regime, then fog collection 

Place Scientific name Comments 

Area in Vouzela  

Quercus suber 

Quercus robur 

Quercus pyrenaica  

 

Area in PTCON0027 

Carregal do Sal 

Quercus robur 

Quercus pyrenaica 

Preserve places with 

herbaceous / shrub 

vegetation, preferred habitat 

of Narcissus scabelurus 
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is possible. It would also be necessary to consider the liquid water content of the cloud 

(related to visibility), which is what determines, together with the wind speed, the quantity 

(beyond the potential) of collectible fog (Santana, 2015; Aboal et al., 2013). In the 

Mediterranean there exists different fog types, like advection fog, orographic fog, mountain 

fog and frontal fog (Egli et al., 2019). However, for water fog collection advection fog and 

orographic fog are the most interesting fog types (Vera, 2018). 

Despite there is an important lack of information about potential areas for the implementation 

of water fog capture technologies in EU territories and outermost countries, there are some 

resources that can help us to identify those areas in Canary Islands and the Mediterranean 

(CGC, 2020; Santamaria and Borges, 2020; Vera, 2018; Santana, 2015; Corell, 2014; Aboal et 

al., 2013). Regarding Canary Islands, we present a list of possible locations for water fog 

collectors extracted from Aboal et al. 2013 (Table 17).  

However, according to Egli et al. (2019), it should be considered that in view of 

anthropogenically induced climate change (IPCC, 2014), it can be anticipated that the future 

will show changes in temporal and spatial fog frequency distributions, which will most likely 

differ depending on fog type, geographic location and meteorological conditions. Latest 

research results have shown that in Europe and adjacent regions there has been a decrease in 

fog frequency, at least since the 1960s, mainly due to two reasons. First, improvements in air 

quality lead to a reduction of aerosols which serve as condensation nuclei in saturated 

conditions and thus lead to faster condensation processes. With a decrease in aerosol counts, 

this effect is diminished. Second, increasing air temperatures in the lower atmospheric layers, 

especially during winter, lead to the fact that the dew point is exceeded less often, and so 

gaseous water vapour generally condenses less frequently to form fog (Veljovic and Vujovic, 

2018). For these reasons, it should be considered that the proposed areas for water fog 

collection, especially in the Mediterranean basin, could have reduced their aptitude during 

next years, for which efforts and previsions related to water fog collection should be correctly 

evaluated with local data from meteorological stations and/or local observers.  
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Table 17. List of possible locations for water fog captors in Canary Islands (Aboal et al., 2013).
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