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1. Brief

LifeNieblas is a Life Programme financed projeividedby the European Commission that
support projects involved in climate action, natural habitat restoration and sustainable
development. In addition to the European financing, INfeblas counts with the financial
support from Cabildo de Gran Carsaas thepublic administration wherg¢his projecthasbeen
developed

Life-Nieblas is a pioneer case study on the afég water collection as main source of water
supply for the irrigation and maintenance of reforested areas. Reforestation methods will take
shape of differenttechnologiesthat have been observed to be beneficial or that have the
potential to be further developedincluding Individual Fog Water Collectors, Cocoons
ORSOSt2LISR Ay Iy2GKSNJ [AFTS LINR2SOi W®mKS DNEBSy
Systempund finally traditional reforestation as control group.

Furthermore, thisLife-Nieblaslooks into the transferability and replication potentiaf the
technology tested. Not only withe projectfocus on the reforestation aspect but also oogF
Water Collectors (FWQgchnology 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 alsol willlect more water  surfaceexposed

The final objective of this project will be to adapt technology 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 recovegyentuallyfinding transferability into

the agriculture sector where farmers can take advantage from collecting their own water.
Henceforth Life-Nieblaswill contribute in climate change mitigatiomction (by reduction of
emissions) carbon capture (bynatural habitat recovered) andavith the development of
sustainablgechnology.
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2. Summary

This document includes a description of the main factors influencing vegetation development
at the two sitesproposedfor field trialsby Life-Nieblas.These areas are located ithe Canary
Islands(Gran Canariayalleseco, El Andén) and Portu@dbuzelaand Carregal do SaBoth
areas areunder desertification and severe droughtisks that require significant water
contributions for reforestation.

Accordirg to the project’s objectiveinnovative reforestation methodologies based on
dew/fog water capture will be tested and compared to traditional reforestatiogthods The
Gran Canaria area represerds optimum scenario for themplementationof fog collecbrs,
with a subtropical desert climate with high influence tohde winds that cause frequent
episodes of fogn the region However, at the areas iRortuga) climate is Mediterranean
tempered, with dry and warm summensherethe fog formationis signiftantlylessfrequent

Geologic substrateand soils are also contrastdoketween areasGran/ | Yy | Ngedlogi€ a
substrate is manly dominated by volcanic rocks, and in Porgrgaite isthe dominant parent
material. These geological differences, jointlyth climate and topography, heavily condition
soil characteristicsBoth areas are affected by erosiossuesdue to a poor vegetation
developmentthat increase ruroffs duringrain events.

Restoration actions will be mainly focused habitat restoration throughthe reforestation of
key speciesin Gran Canarjal KS a4 St SOG0SR KIFIoAGFEG A& a9yRSYAO a
code 4050), and the plantation will be focuseddry laurel species. In Portugatforestation
will aim tothe restoration of hatil I i  dH o APRArtuguEsEe dakk vidAdR witBuercus robu
and Quercus pyrenaidaX F2NJ gKAOK GKS LXFydrdAazy 2F RA

recommended.
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3. Characterization of the areas

Two areas have been selected for reforestatiorthe context of lfe-Nieblas Those areas are
under desertification and severe droughisksthat require substantialwater contributions for
reforestation. According to the project’s objectjvienovative reforestation methodologies
based on dew/fog water capture will be test in those areas, and they will be compared to
traditional reforestationmethods Saidareas are ravine ElI Andén, time Canary Islands, and
areas belonging to the municipalities of Vouzela and Carregal dim Pairtugal.

3.1 Gran Canaria

3.1.1 Site ofCommunity ImportancéSQ) ¢ Barranco de la Virgen ES7010038

The project area in Gran Canaria is located in the ravine el Amaldh privately owned and

fSyid G2 GKS LINRP2SOG o6& Wl SNB whidRis RSudedvtrdal & RS | N
Site of ©mmunity Importance (SBarranco de la Virgen (ES7010038k area was classified

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

declaran Zonas Especiales de Conservacion integrantes de la Red Natura 2000 en Canarias y
medidas para el mantenimiento en un estado de conservacion favorable de estos espacios
naturales (BOC n° 7, de 13 de enero de 2010).

Accoding to the management plan of thigte (GC, 2015)here is presence of the habitats

40506 9 Y RSYA O al OF NB36GwaAll G NRS/ISHERE & fylndaNds f a { FA2f MBS
rocky slopes with chasmophyt®@S 3 S | A2y ¢ &ht S | yR ahdeBEOG 2y Al T
G/ FyYFNRAFY SYRSYAO LIAYS FT2NBatats

The project area is located ihé municipality of Valleseco, #ite west limit of the SAGnside

the areainfluenced by fog (800 m1300 m)
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Tablel. General information of the ravine El Argh 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,

(lat®, long®, elev. (m))

Lat: 28.034885°
Long:-15.600131°
Elev: 1200 m

Municipality (name)

Valleseco, Gran Canaria

Total area subject to characterizatiofna)

35.8 ha

Property owner

Private (Heredad de AguasdArucas y Firgas
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Figurel. Ortophoto of the project area with altitudinal ranges.
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Figure2. Topographic map of the project area and its hydrology
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Figure3. Ortophoto of the project area
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Figure4. Representative images of the project area showing overall vegetation coverage. The El Andén ravil
displays dispersive pines (dark calg together with Laurisilva forest in the channel of the ravine. Substitution
vegetationcanbe clearly observed in thelopes
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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 leasti45Ma and there is no volcanic
activity at present. Evolved mafic magmas generated an extreme catigpaé spectrum as

well as large explosive saline eruptions.

There are two welmarked domains on the island: the Pal€anaria fouth-westernregion),
being the oldesgeologically datedrea, as well as featuring the most prominently embedded
hydrograghical network of the entire island. The second domain, the Mgamaria (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 straarbololcanic
eruptions (last occurrence recorded< 3 Ma).

LEYENDA DE GRAN CANARIA

i ANTROPICO
S SEDIMENTARIOS RECIENTES
F=5]  suelos y otros recubrimientos indiferenciados
Depésitos aluviales de barranco y terrazas
[5]  Arenas edlicasy dunas
Brechas de colapso, derrublos de ladera y coluviones
44 Sedimentos de “fan-delta” (barranco de Tirajana)
VULCANISMO RECIENTE
Piroclastos de dispersién de la Caldera de Bandama
B sasanitas
Il Tefrites y fonolitas
VULCANISMO POST ROQUE NUBLO
Basanitas, tefritas y fonolitas
I  oeslizamientos gravitacionales
I Basanitas, basaltos y tefritas
VULCANISMO ROQUE NUBLO
Fonolitas

Brecha volcanica Roque Nublo
Basaltos, basanitas y tefritas
VULCANISMO MIOCENO
Formacion fonolitica
Sedimentos aluviales. Terraza de Las Paimas
- Fonolitas
B ignimbritas y lavas fonolitico-traquiticas
Formacién traquifonolitica
Sienitas
[ETS8  ignimbritas y coladas riolitico-traquiticas // “cone sheet”
B0 ignimbritas y coladas riolitico-traquiticas
Riolitas y traquiticas
Toba vitrofidica riolitico-traquitica (nivel guia)
Edificio baséltico antiguo
Basaltos y traquibasaltos indiferenciados
Basaltos y traquibasaltos
Basaltos y traquibasaltos subordinados

15°30W 1520w

Figure5. Geologic map of Gran Canaria

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

- Intercalation of various types of volcanic lava (48} in eruptive phases at 400 m depth,
forming extrusive igneous rocks, such as:

0 Trachye- Rock composed of felsic minerals (varying degrees of whitish and grayish
colourg, being abundant in alkali feldspars and possessing a porphgsiticre.

(@]

Phonolite - An extrusive volcanic rockharacterized byoloursof yellowish greyo
green, being alsovery rich in alkaline merals particularly potassium feldspar and
feldspathoids

11
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0 Tephrike - A finegrainal volcanic rock of a composition similar to basakdeding
the mineral olivine)pbut with leucite or nepheline, witlproperties of sodiunrich
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:

0 Basaltnepheline.
0 Basalt (most abundant seafloor rock composijion
0 Tephrite.
s T
// . | 51
s A
v 2
’ \
//\ N |
e

e }//‘ -m.
/ Coordinate System; Pegfmal Degrees W /

|

Figure6. Geologic map of the project area where it can be clearly seen the units 49 (brown colourlingk) and
unit 66 light (plain green colour).
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3.1.3 Geomorphology antydrology

Gran Canaria is characterized by a complex morphology, with a rugged topography. From the
morphological point ofview, it appears to have a predominantly circular shape of 45
kilometresin diameter. The conical transverse profile of this dome has the highest point in the
central area, formally identified as Pico de Las Nieg/@l9 m. The island, circular in shape, is
deeply carved by a radial network of ravines, beginning from the peaks towards the coastline.
Morphological feature present aconsiderable degree of uneven topography, areas of high
relief, and a very steep orography overall. The coastline is also vegylare 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 bemveslin Figure 1

The intricate radial network of ravines is unigue to Gran Canaria, primarily consisting of a
multi-layer heterogeneous aquifer radiating from tleentre of the island towards the coast.

Yet, due to the nature of the materials, the aquiis composed of small units with lateral
connections that emerge fromumerous small springs (Custodind Llamasl983).

The hydrodynamic flow is affected by the volcanic structure and the permeability of such
igneous formations. The major source of wate 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 springsaf have since driedout

and been replaced byextraction wells), and ultimately to the sea via artificial discharge
throughwells and water galleries.

The project area has low permeability with a soil composed of detritics (quaternary) and
medium permeability with materials such gsyroclasts and lava with high level of
permeability(Figure 7)

The water table vaes significantly by cause of the geomorphology of the island with values
from -100mto 1400m. in the project area the water table fluctuateetween 200 and 600m
as seen in Figure 5.

13
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Figure7. Permeability of different lithological substrates in Gran Canaria.
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Figure8. Gran Canaria Water Table map for 20Q009.
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3.1.4 Soil

5dzS (2 AdGa @2t 0FyA0 ylFdidz2NE FyR Y2NB 3IS2t23A0I
Islands archipelago, the soil composition is relatively uniform and characteristic of igneous
formations.Leptosols and Cambisols are the most common soils in thedlsind those are

also present inlte project areg wherefive (5) soil groupsare present

1. Leptosols their formation is linked to the topography of the island, as a result of
weathering and erosion processeBhe soil ighin, with poor nutrients andertility.
This soiltype isthe most common in the area, jointly with andosols.

2. Andic Cambisots 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 fayddeather 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 referredto asWF 2 NBadG YFGSNAIf QX adzOK &az2a
nutrients and minerals and categorized as fertile, in comparison to the other types of
soil native to the Canary Islands. The respective profile of soilisypeically featured
in areas with permaent humidity, as a result of condensation, introducedttade
winds and fog formation, which are essential for the abundance of organic matter and
nutrients. The physical appearancetbis soil is defined by a balanced texture, mainly
described as versilty and clumpy

4. Ferralsols the presence of ferralsols exemplifies materials of an older geological
formation, dating tothe Tertiary Period, and has since been highly altered, as a result
of heavy erosion and weathering processes. The ferralsols aratesit 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 frotime 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 resistanb terosive 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, caubjectedto
degradation processes (erosion, afiwdition, biological degradation), resulting in the
impoverishment of their natural wealth.

16
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Acrisol férrico

Acrisol férrico-Leptosol litico
Andosol héaplico

Andosol héaplico-Leptosol litico
Andosol vitrico

Andosol vitrico-Cambisol éutrico
Andosol vitrico-Leptosol litico
Andosol umbrico

Antrosol cumulico

Arenosol calcareo

Arenosol albico

Calcisol haplico

Calcisol lavico

Calcisol luvico-Leptosol litico
Calcisol pétrico

Calcisol pétrico-Leptosol litico
Calcisol pétrico-Vertisol Célcico
Cambisol calcareo

Cambisol calcareo-Leptosol litico
Cambisol districo

Cambisol districo-Leptosol litico
Cambisol humico

Cambisol humico-Leptosol litico
Cambisol himico-Luvisol férrico
Cambisol éutrico

Cambisol éutrico-Leptosol litico
Cambisol éutrico-Luvisol férrico
Cambisol éutrico-Luvisol haplico
Fluvisol calcareo

Fluvisol calcareo-Leptosol litico

SRR R DR RN N NN ORENRENS ) IR

Figure9. Gran Canaria Soil maf®anchez1995)

Fluvisol calcareo-Vertisol Célcico
Fluvisol éutrico

Gipsisol haplico

Leptosol litico

Leptosol litico-Andosol haplico
Leptosol litico-Antrosol cumulico
Leptosol litico-Calcisol ltvico
Leptosol litico-Calcisol pétrico
Leptosol litico-Cambisol calcareo
Leptosol litico-Cambisol himico
Leptosol litico-Cambisol éutrico
Leptosol litico-Luvisol haplico
Luvisol crémico

Luvisol célcico

Luvisol célcico-Leptosol litico
Luvisol férrico

Luvisol férrico-Cambisol éutrico
Luvisol férrico-Cambisol humico
Luvisol férrico-Leptosol litico
Luvisol férrico-Leptosol tmbrico
Luvisol héaplico

Luvisol haplico-Cambisol calcareo
Luvisol haplico-Leptosol litico
Luvisol héplico-Vertisol célcico
Solonchak célcico

Solonetz célcico

Vertisol célcico

Vertisol calcico-Cambisol calcareo

Unidades no consideradas
(&reas urbanas y embalses)
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3.1.5 Climate

Regarding to climateGran Canaria presents a tropical and subtropical desert climate
according to Kdppen classification (Table 2), withagerage temperature in winter of 18°C
and 25°C in summeHowever, microclimate is very different depending on the sector of the
Island due to the trade winds and the mountainous orography 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 doroénof N

and SBwinds (28%) Figure 1). Regarding to the fog presencthe upper part of EI Andén
ravine is consideredan area with high probability of horizontal precipitati@iRigure 12)CGC,
2020 Santamaria and Borges, 2020

Kodppen Classification Tropical and Subtropical Desert Climate
Highest average monthly maximum 25°C
temperature (°C)

Lowest average monthly minimum 9,7°C
temperature (°C)

Total annual precigation (mm/y) 593 mmy
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

18
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Figurell. Distribution of wind direction and wind speed in Valleseco observatory (AEMET, 2020)
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Figure 12. Areas with high probability of horizontalprecipitation (CGC, 2020) and localization of the area

proposed to install the fog captors in the high part of the EI Andén ravine
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3.1.6 Vegetation

Table3. 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) Lessthan 1 m.
Dominant species substitution communities
3.1.7 Fauna

Table4. Fauna found in El Andén

Animals native to the site Columba junoniae, Parus caeruleus, Chalcides
sexlineatusDendrocopos majpErithacus rubecula,
Fringilla coelehsTarentola boettgeri, Serinus canaria,
Columba livia, etc.

Known pests & diseases none

Grazing none

21
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3.1.8 Land Use and Management Practices

Table5. Land use and management

Previous plantings of None
crops (Y/N)
Disturbances (fire| The area is characterized for presenting a high leve

clearing, overgrazing, ...

degradation for: the harsh climatethe high exposure tg
sunlightand the anthropogenic factors, primarily deforestatig
activities throughout the last centuries. Also, the recent wildi
activity srves as a contributory factor for overall lai
degradation However, no intense erosive processes
detected, despite the area has a high or very high risk
potential erosion.

Site access

Appropriate

Access to water

The fog collector will provid&00 % of the water needed for th
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
be related to irrigationsystemand clearance activities in ordg
to allow the new plant to grow.

22

Life



Life
=s%Nieblas

=

>
NATURA 2000

3.1.9 Stakeholders

The overall project and associatedscope of works include various national and local
stakeholders, showing interegt a variety ofaspects, including but not liteid to:

Implementation offog 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 pras@ssociated 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 @ectedconstruction

The contributory stakeholders to be involved with thi@jectare outlinedin table 6.

23
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Table6. Stakeholders involved in Gran Canaria
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Stakeholders

Organization
Description

Activities

Significance

TAMADABA S.L.

Rural and nature
tourism company

Reforestation

Manages the rural and nature
tourism complexhramed
Redondo de Guayedra, placed i
a property of more than 200 hag
in the, of the Natura 2000
Network, and in the Natural Par
of Tamadaba, with 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) norprofit

entity (established in

Reforesation

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

1998)
Red Eléctrica de | National Electrical | Reforestation Contributory to combat climate
Espaia, S.A.U. | company establishe( activities "Red change by planting and
since 2009 EEctricaForest” monitoring of trees, conservatio
of environments with rich
biodiversity, and restoration of
impacted significant natural
areas
Association of Association Awareness, Representation, management,
Farmers and diffusion promotion, and defense of
Ranchers of the professional and economic
Canary Islands interests of the agricultural
(ASAGA Canarial society and industry and

ASAJA)

associated agrarian practices

24
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3.1.10 Land Degradation Features

The Project area is located within the vicinity of EI 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. tldigion, 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 arsubstantially significant, as opposed to any seionomic factors
that may affect it.

Area in ES7010038 Barranco de la Virge

- Foresffires
Threat - Deforestation activities
factors - Drought

- Hydrological disruption

- Erosion and geotechnical processes

3.1.11 Restoration Objectives
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restoration includes the implementation, protection and expansion of these protected

habitats, wheredry laurel forest species would be planted. The primary aim is to promote
proactiveness in conserttan and compensation for habitat damage and/or loss, as well as

improving the generalesilience 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
desertificationprocess

Moreover, the area shall serve as a case study for the installation of various types of fog
collectors and four (4) independent irrigation sy®s, 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 EI Andén (Gran Canaria) are listed. According to the
Iberian and Macaronesian Vegetat Information System, all the species are endemic to the
Canary Islands or are present therett://www.sivim.info/sivi/). These species belong to the
evergreen monteverde that will help restore and preservee ttargeted habitat, 4050
"Endemic Macaronesian heaths".
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Table8. Species proposed for planting en EI Andén, Gran Canaria.

Common Name Scientific Name
Brezo Erica arborea

Laurel Laurus novocanariensis
Acebifio llex canariensis

Faya Myrica faya
PaloBlanco Picconia excelsa
Barbusano Apollonias barbujana
Mocan Visnea mocanera
Madrofio 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 D&o Lafbes
Vouzela isclassified as a local protected ar&zarregal Do SaPTCONO0037is a Site of
Community Importance (Sl@hdclassified aspecial Areas of Conservati@AC)ntegrated in

the Natura 2000 Network.

3.2.1 Vouzela

The area tobe intervened under the "Lifdlieblas" project, belonging to the municipality of
Vouzela, is inserted in the Local Natural Park VeCgamulo, classified as a local protected
area under Artle 15 of Decree Law No. 142/2008 of July 24 (Regulation No. 256/2015
published in the Official Gazette of May 15, 2015).

Mapa de Localizacdo

] Municipios_CIMVDL
. Parque_natural_vouga_caramulo
-+ | [ vouzela_Area projeto Life Nieblas

ETRS_1989_Portugal_TM06
Geodetic Reference System 1980
Transverse de Mercator

VISEU DAO LAFOES

Figure B. Location map of thé/ouzelaarea.

The VougaCaramulo Local Natural Park extends over an area of 11,739 hectares, béhgeen
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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LIFELS COW/ES/001199

3.2.1.1 Characterization of the areas subject to intervention

Centroidcoordinates Lattude; 40.716964,

(latitude, longitude) Longitude:-8.096982

Municipality (name) Vouzela

Parish Parish Councils of Vouzela and Par

de Vilharigues and Parish of Ventos

Area subject to characterization and interventiq 4,2
(ha)

Owner Vouzela Municipality

Mapa de Uso e Ocupacgo do
Solo

|:| Vouzela_Area projeta Life Nieblas
® Centroide

COS2018_v1

I 1. Territérios artificializados

I 2.Agricuttura
3.Pastagens

I 4.Superficies agroflorestais

I 5.Florestas

I 6.Matos

[0 7. Espacos descobertos ou com pouca vegetacio
8.Zonas humidas

I 9.Massas de &gua superficiais

ETRS_1989_Portugal_TM0S
Geodetic Reference System 1280
Transverse de Mercator

2830
di

VISEU DAO LAFOES

2500

Figurel4. Land Use an€overMap in the Vouzela area
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Figue 15. One of the areas of intervention in Vouzela.

Figue 16. One of the areas of intervention in Vouzela.
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File 17. General viewof the area for interventionin Vouzela

3.2.1.2 Biogeographic Units

The area is located between Serra do Caramulo and Rio Vouga, its vegetation presents
influences from the Eur&iberian 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 understedominate

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-Dawré®. 92/2019

of 10 July. About 67% of the area was burnt by wildfirdéyear 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 interene 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 £92a%;
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 CentraatbZone (Figur&8).

ZONA CANTABRICA
I a: Précambrico

D:D ZONA ASTURICO-OCIDENTAL-LEONESA

a: Précambrico
b: Dominio do Manto de Mondofiedo
c¢: Dominio de Naiva e Alto Sil

ZONA CENTRO-IBERICA

a: Formag&o de Olho de Sapo

b: Dominio do Olho de Sapo

c. Dominio do Complexo Xisto-Grauvaquico
d: Unidade al6ctona meridional

abecd

a: Dominio dos Complexos Aléctones
b b: Dominio Xistoso (Parautéctone)

a

ZONA DE OSSA MORENA
[EI a: Précambrico

ZONA SUL PORTUGUESA
D a: Faixa Piritica

0 100 200 km
]

.:l ZONA DA GALIZA-TRAS-OS-MONTES

Figure 18 Morphostructural units of the Iberian PeninsuladAdapted from PérezZstaln et al(2004).

The Central Iberian Zone is dominated by the Sdhishuvacic Complex, composed of
metamorphosed schists and grauvaques, amyl the Vartisian Granitoids, composed of
magmatic granitoid rocks.

In the areaof Vouzela parental materialgre dominated byshales and granites of different
types. The shales belong to the previously mentioned SBateivakic 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 Sals

The ara is dominated byHumic CambisolsTte 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-o@icareous 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
numberof 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 consequenfgsthe 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 my 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 arean VouzelaVWouga- Caramulo Local Natural Paukcludes places in the hydrographic
basin of the Zela river, a tributary of the Vouga river, where there arepgsmanent water

lines that run between granite rocky elations. 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 bicedaphicclimatic requirements of each location.

The existing tree species are aldeklnus glutinosg poplar Populusspp.), ash Kraxinus
angustifoliasubsp.angustifolia) birch Betula albg, elm Ulmus minoy, oak Quercus robyr
and black alderHrangula alnus

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

elderberry Gambucus nighacistus Cistus salvifoligsbramble Rubus ulmifolis honeysuckle
(Lonicera periclymenupand hawthorn Crataegus monogyna

32



NATURA 2000 =ad\ieblas

2500 3500
N\ 5

Mapa de locaizagdo de linhas
de 4gua

[ Vouzela_Area projeto Life Nieblas

Linhas_agua_nao_permanentes

~— Linhas_agua_permanentes

005911

ETRS_1989_Portugal_TM06
Geodetic Reference System 1980
Transverse de Mercator

VISEU DAO LAFOES

2500 3500

Figute 19. Map ofthe mainwater linesin Vouzela area

3.2.1.6 Climatic data

The results of thel971-2000 climatologicalnormals, the latest available, allow ts identify

the different types of climate, having used for mainland Portugal the Ko&@Gmiger
classification, which corresponds to the last revision of Kdppen 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 verifieal @% subtype
(temperate climate with dry summer), and the areas in question are inserted in the variety Csh
(temperate with dry summer and temperatefemperate climate with dry summer and mild,

in almost all regions north of the mountainous system Momtgp-Estrela andhe regions of

the west coasilentejo and Algarve.

For the parameters "fog", "average wind speed" and "insolation" we considered the data of
the Climatological Normals 192D00 for the station of Viseu (Latitude: 40°40'N; Longitude:
07°54'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 thedata presented for the Viseu station may have differences
compared to the values recorded in the municipality of Vouzelgecially for the term
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éaverage number of days with fog perygae | OO2 NRAyYy 3 (2 20t 20aSNIDS
with fog per yeait is substantially higher

Average annual precipitation (mm) Between 1600 and 2000mm
No. of days with precipitation More than 100 days
Average annual temperatur¢°C) Between 10 and 12.%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 Voug@aramulo 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;

¢) 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 enhancemewf ecosystem services management activities.

The VougaCaramulo (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 betteadapted 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 biologiaackabf
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 forAction 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 (SI@TCONO0027 Carregal do Sal

The #e was classified under the Resolution of the Council of Ministers no. 142/97 of 28
August, covers a total area 8554ha, and is distributed over the municipalities of Carregal do
Sal, Oliveira do Hospital, Seia and Tabua.

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

types of natural habitats of community interesttéid in Annex | of the Habitats Directive, the

presence of the following priority habitatre verifiedat i K A & Lduiuginbilisridorescent

& K NUzi tieko Brachypodieted NI 84 | YR | y kit { B dzd & K Blho$ 2 N5 & ( &
glutinosa and Fraxinis excelcior(Alno Padion, Alnion incanae, Salicion albadtbreover,

GKSNBE Aa I|faz2 LINBaSy ®6tuglete obks dvilQuérdus rdbusmdi  a DI £ A O
Quercus pyrenaiéa ®
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Tablel0. Location characteristics of the Carregal do Sal area.

Coordinatesof centroid X: 16509,809
UTM(X,y,z)m Y: 85439,530

Z:303 m
Coordinates of centroid Latitude: 40.437569°
(latitude, longitude) Longitude:-7.938522°
County Carregal do Sal
Parish Oliveira do Conde

Total area subject to characterizatiorn 39.29

(ha)

Intervention area (ha) 6

Owner Area managed by the
parish council of Oliveira
do Conde

Mapa de localizagdo

i| (] Area_SITIOPTCON0027_CarregaldoSal

ETRS_1989_Portugal_TM06 Geodetic
Reference System 1960 Transverse de
Mercator
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o
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Figure20. Orthophotomap and delimitation of Carregal do Sarea.
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Accordng to the landcovermap (figure21), 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 devedopwf 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 extensiofishis formation.

Thewoods can reach such a dimension in the landscape that they can be considered as the
matrix where all other landscape units are insertétle area was hit by fires in 2014 and 2017,
and no intervention has been carried out to date.

14000 14500 15000 15500 16000 16500 17000 17500 18000 18500 19000
7T
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Figure21. Landcover map of Carregal do Sal area

37



NATURA 2000 =ad\ieblas

Figure 22 Current land occupationn Carregal do Salrea scrub anc
scattered trees.

Figure23. Specimens of tame pine i@arregal do Salrea.

According to the Natura 200Regioral Plan, for the identified Sitéhe species of flora and
fauna d interest for conservation are presented in tablé 1
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Flora Fauna
Narcissus scaberulus Chondrostoma polylepis
Narcissudpulbocoduim Chioglossa lusitaca
Narcissus triandus Lacerta schreiberi

Rutilus macrolepidotus
Galemys pyrenaicus

Lutra lutra

It is important to remark thalNarcissus scaberulis aPortugueseendemism andChioglossa
lusitanicais an endemism of thiberian Peninsula

3.2.2.1 Biogeographic units

The area inserted in the PTCONO0027 Carregal do Sal site, presents vegetation influenced by the
elements of the Mediterranean biogeographic region.

The continental Eur&iberian areas, in general 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 precipitatidarests dominated or co
dominated by the oakQuercus rbur).

The Mediterranean biogeographical regi@mcompasses 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 hagtants 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 regiore dorests and thickets, consisting of trees and
shrubs with persistent and leathery leaves, such as holm Qalercus rotundifolig cork oak
(Quercus subgrQuercus cocciferar zambujeiro Qlea europaeaar. sylvestris.

In the Mediterranean areas, th@nnual Helianthemetea class meadows are particularly
diverse, very common communities in the clearings of low forests (cistus, heather and thyme)
subject tohighrecurrence fires.

3.2.2.2 Geology and geomorphology

Regarding geology and geomorphology aspe@syregal do Sal area has the same
configuration than Vouzela (see 3.2.1.3 section). Parental matearalsmostly schists and
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granites of different types. The shales belong to the aforementioned S@higtvaquico
Complex, however the domain in this aresaled by granite, which will mostly result from the
consolidation of a common magma.

3.2.2.3 Sall

Soils in Carregal do Sal are similar to VouZgatdls are poorly evolved (mineral horizon of
maximum expression of color, consistency and structure, of concentraticlay and organic
matter removed from the upper horizons) and are formed from #iarestone 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 surroundimgciuse of
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 watable, 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 #raaotéristics of
regions where there is no free water.

The project areain Carregal do Sa 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 referredter 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 corisite the preferred habitat ofNarcissus
scabelurusa Portuguese endemism, whosecarrence is exclusive to thides
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Figure24.2 | i S NJodatos fedin Carregal do Sal area

3225 Climate

The results of the 1972000 climatologimorm, the lastavailable, allow the identification of
different types of climate, with the KoppeBeiger classification being used for Mainland
Portugal, which corresponds to the last Képpen revision in 1936. The results obtained by
cartography , for this climatic claBisation, 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
temperatesummer)- 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 "dht from the 19712000
Climatologic Norms for the Viseu station were considered (Latitude: 40°40'N; Longitude:
07°54'W; Altitude: 443 meters) (Instituto de Meteorologia, IP, 2020).

- The average number of foggy days per year are 14.9.
- The average annualind 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 Vouzelgecially for hie term

daverage number of days with fog perygae ! OO2 NRAYy 3 (2 20t 20aSNDS
with fog per year it is substantially higher

Table 2. Climatic data of the areas to intervene (Portuguese Environment Agency, 2018)

Area in PTCONOOZZarregal
do Sal

Average annual rainfall (mm)| Between 800 and 1000mm

Number of days with Between 75 and 100 days
precipitation

Annual average temperature Between 12,5 and 1%

(°C)
Number of days with frost Between 30 and 40 days
Relative airhumidity (%) 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 areasand by thelnstitute for the Conservation of Nature and Forests (ICHFyublic
institution who manages community areas.

Stakeholders Organization Description | Activities Significance
Parish Councils | Public entities that Afforestationand | Areas managed by parish councils, which
manage wasteland areas | reforestation may be the object of afforestation and

reforestation actions, with the objective of
restoring and preserving areas.

Assemblies of | Private entities that Afforestationand | Areas managed by the assemblies of
shares manage wasteland units | reforestation compartes, which may be the object of
afforestation and reforestation actions, wit|
the objective of restoring and preserving
areas.

Institute for the | Publicentity that manages| Afforestation and | Areas managed by ICNF, which may be t

Conservation of | community areas in the | reforestation object of afforestation and reforestation
Nature and state (parks and nature actions, with the objective of restoring and
Forests (ICNF) | reserves, natura network) preserving areas and habitats.

3.2.4 Land Degradation Features

This regionis deeply affected by wildfires, which are the main degradation featiNen-
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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Area inVouzela Area in PTCONO0027 Carregal do S¢
- Forest fires - Forestfires
Threat - Cutting or uprooting oleander plants - Nonselective deforestation in pine
factors - Water abstraction (allocation of seasonal forest
water lines) - Degradation of water quality
- Excessive visitation - Human disturbance
- Intensive planting of eucalyptus afinus
pinaster

3.2.5 Restoration Objectives

Ly t2NldaAlf NBF2NBaidladGAz2y | OGA2ya -Bokdgfieseld I 1 S LI |
oak woods withQuercus robuandQuercus pyrenaiéa® ¢ KS 202SOGA PGS Aa (2 N
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 infitration whilstreducing desertificatiomisk.

The primary objective of the project at both trial areas in Portugal is the restoration of the
potential oak forest, which provides multiple ecosystem servicesalagvs the combination

of different traditiond land uses, like logging and pasture. These land uses could be combined
in the typicalmontado system, an agrosilvopastoral system that maximizes ecological values
and local economy.

RegardingVouzelaand Carregal do Sal field trials, a more restricesn of spews is

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

GKFY AY DNIY [/ IFYIENRF® ¢KS YIAYy 20 2Por@guesdS KSNB
oak woods withQuercus robu and Quercus pynaic&. In order to accomplish with this
objective,the plantation of these species is planned.

In Carregal do Sale havetiny 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 fdarcissus scabelurua species that must be
protected.

Regarding to administrative procedurdsr planting in protected natural areasll the
authorizations has been obtained frofENFand landowners (table 19).

44



NATURA 2000 =4&lieblas
Place Scientific name Comments
Quercus suber
Area inVouzela Quercus robur

Quercus pyrenaica

Preserve places with
Area in PTCONO002] Quercus robur herbaceous / shrub

Carregal do Sal Quercus pyrenaica | vegetation, preferred habitai
of Narcissus scabelurus

Location Procedure State Authorisation date
- Owner's authorization requestl Authorized 18" May 2021
c I - - for planting Authorized 19" July 2021
arregal i ati
do Sal f‘eUtL](e)gtzeegt'gn - Area in Natur&2000
| C?\IF Network- authorization ~, . . 24" October 2021
to carry out the actions 6™ January de 2022
proposed in the project
- Owner's authorization request Authorized 10" May 2021
- - for planting Authorized 3™ September 2021
vouzela - Authorization Area in Forest Regime
Ir(e:Cll\IUFGS'fedtO Authorized 24" October 2021

4. Potential areas for replication

Regarding Canary Islan@éstensiveto the rest ofthe Macaronesianfog formationis a process

of orographicascent of the humid mass of air from theNE Trade Winds that finds a thermal
inversion in heightbetween500 and1500 m which interrupts the ascentTherefore, if this
requirement is met, that the base/top of the inversion is located at the elevatidghechosen

site, the orientation is correct, and there is also an adequate wind regime, then fog collection
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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, toget with the wind speed, the quantity
(beyond the potential) of collectiblfog (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 al2019) However, for water fog collection advection fog and
orographic fog are the most interesting fog tyd®&ra, 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
resourcesthat can help us to identify those areas in Canary Islamik the Mediterranean
(CGC, 2020; Santamaria and Borges, 20203 2018; Santana, 2015; Corell, 2014hoal et

al., 2013). Regarding Canary Islandse present a list of possiblecations for water fog
collectors extracted from Aboal et 2013 [able17).

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,hwiltit 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 dueato teasons. 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. Seconidcreasing air temperatures in the lower atmospheric layers,
especially during winter, lead to the fact that the dew point is exceededd#ies, and so
gaseous water vapour generally condenses less frequently to form fog (YeljaliVujowe,

2018). For these reasonsit should be considered that the proposed areas for water fog
collection especiallyin the Mediterranean basingcould have reduced their aptitude during

next years, for which efforts and previsions related to water fog collection shoutdivectly
evaluated with local data from meteorological staticared/or local observers
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Tablel7. List of possible locationor water fog captors in Canary Islands (Aboal et al., 2013).

Altitud a. | Orogra- .. . Densidad | BA LAl |Estrat.
EM |Ref.|lIsla Lugar (m) F ©) fia Formacion Especies (érb. ha") | (m?ha)| (mm®)| (m)
1 a | GC| Pinares de Tamadaba 1300 | n.d. | n.d. n.d. - 1 — - — -—
Posada de las vacas
2 T (Cumbres de los Realejos) 966 n.d. | n.d. n.d. — 15 — — — -
3 b T |Casa Forestal (Tacoronte)| 798 n.d. | n.d. n.d. --- n._d_. - -—-- - ---
(laurisilva)
4 T |Casa Forestal (Tacoronte) | 798 n.d. | n.d. n.d. -—- 1 -— — -— -
5 T |Casa Forestal (Tacoronte) | 798 n.d. | n.d. n.d. - 2 -— — -— -
6 c H Montafia Ajonse 1130 | nd. | n.d. n.d. -—- 2 — — — -
7 H la Dehesa 900 n.d. | n.d. n.d. --- 14 - -—-- - -—
8 g | Vallehermoso-Apartaca- | 0.0 | 4 |nd.| nd. — 5 — — — —
minos
9 G |Vallehermoso-Apartaca- | 4516 | n g, |nd.| nd. - 3 - - | -] -
minos
10 G Agulo-Fuensanta 950 | n.d. | nd. n.d. —- 3 — — — -—
11 P Cumbre Nueva 1350 | n.d. | n.d. n.d. - 17 -— — -— -
12 p | LosSauces-Montede | o0 | 4 (g | nd. — n.d. — — — —
los Tilos
13 T Aguamansa 1100 | nd. |nd.| n.d. - 1 — — — -—
14 T Aguamansa 1100 | n.d. | nd. n.d. —- 2 — — — -—
15 v [ElAsomadero - Montede| ,.0 | g [n.d. | cumbre — 2 — — — .
los Realejos
Laurisilva de
16 d |G Cedro 1000 | NE 11 | Ladera ladera 3,5,6,7 n.d. n.d. n.d. n.d.
17 | ¢ | 7 | BarrancoToledo(Agua | o5 | \nE | 10 |Barranco| BUMsIVade | 5 o608 | 1603 | 337 | 78 | 3.9
Garcia) cuenca
18 7 | Barranco Toledo (Agua | oo | \ne | 10 |Barranco| BTV de | 5,564 1693 337 | 78 | 3,9
Garcia) cuenca
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