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1. Summary 

¢ƘŜ !ǳǘƻƴƻƳƻǳǎ CƭǳƛŘ 5ƛǎŎƘŀǊƎŜ {ȅǎǘŜƳ ό!C5{ύ ƛǎ ŀ ŘŜǾƛŎŜ ǘƘŀǘΣ ōŀǎŜŘ ƻƴ !ǊŎƘƛƳŜŘŜǎΩ 
principle and the Gaussian curve, allows to discharge a fluid in an automatic, autonomous and 
controlled way into a deposit without any energy supply or electronic control device, joining 
efficiency, autonomy and regularity characteristics without electrical consumption or CO2 
emissions. 

This document provides a general description of the work carried out by the ITC personnel 

involved to develop the reforestation system, using the AFDS and its irrigation networks, as 

well as a description of the necessary materials and equipment for its installation and for 

monitoring protocol. 

This document also outlines the preliminary tasks carried out for actions A1, A2, and A3, 

which are essential for the subsequent work implemented in C2. It also presents the entire 

monitoring network developed and deployed, covering meteorological variables, local water 

production, and soil moisture content across various measurement areas. Additionally, it 

details the tasks undertaken to perform adjustments, address unforeseen issues, conduct 

maintenance and repairs, and implement improvements in the deployed devices. 
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2. Work team 
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Monroy 
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Specialist in environmental 
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Antonio Ortegón 
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Computing & Data 

Communication 

 
He carries out 

coordination tasks at ITC 

and supervises the 

project partners. He 

oversees decision- 

making regarding 

technical solutions and is 

responsible for preparing 

reports and following up 

ƻƴ ǘƘŜ ǇǊƻƧŜŎǘΩǎ 

activities. Gilberto 

coordinates results 

communication from ITC 

activities in this project. 

 
Gustavo participates in 

the design, 

manufacture and 

installation of the AFDS 

and its irrigation 

network. Additionally, 

he takes part in 

designing pipeline 

connections between 

fog collectors, water 

tanks, AFDS and the 

irrigation network for 

the overall 

reforestation. 

 
 

 
Carmelo takes care of the 

processing, analysis and 

visualization of the data 

generated by the different 

sensors. He also performs 

tasks related to GIS and the 

design of the irrigation 

network. 

Antonio participates in 

the installation of 

meteorological and 

soil moisture sensors. 

Additionally, he 

supervises data quality 

and acquisition and he 

provides reports of 

average or 

accumulated values 

under the 

requirements 

established by the rest 

of the scientific team 

in compliance with the 

ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎΦ 
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3. Action: A1. Acting zone status analysis: Protocol to improve the environmental 
quality and resistance to climate change through reforestation on deserted areas 

ITC has collaborated with CREAF identifying documents that help to specify the most suitable 

areas in Gran Canaria for the fog collection. Concretely identifying documents as: 

¶ La Precipitación horizontal como Servicio Ecosistémico en los bosques de Gran Canaria. 

Una aproximación para la Certificación FSC® del Servicio Ecosistémico. SERVICIO DE LAS 

CUENCAS HIDROGRÁFICAS 

¶ La importancia de la Precipitación horizontal en el contexto del Cambio Climático. 

Carlos Velázquez Padrón 

¶ Mapa de Superficie con probabilidad alta de Precipitación Horizontal en Gran Canaria. 
 

 

Definition of the irrigation zones associated with AFDS 

The AFDS reforestation systems will be aimed to supply water through a drip irrigation system 

for the reforestation of 2,500 to 5,000 plants. For this purpose, six reforestation systems with 

AFDS have been assigned to supply six specific irrigation zones or areas. 

Each area has an approximate surface of 3,200 m2, expected to hold about 400 to 800 plants. 

In order to determine the irrigation areas, several field inspection visits have been made. With 

the collaboration of GESPLAN, ITC and Heredad de Arucas y Firgas, several locations have been 

evaluated for the distribution of the areas to be reforested with AFDS. The following aspects 

have been taken into account for the selection of the definitive areas: 

ǒ The slopes to be reforested and their geomorphology. 

ǒ The differences in elevation between the discharge points of the AFDS and the lowest 

point of each irrigation network. 

ǒ Distances between each AFDS and the beginning of the network of each irrigation 

network. 

ǒ Distances from each discharge point with flow measurement to atmospheric station 

and data centralization. 

During the field visit on November 2, 2020, two possible irrigation areas were identified, which 

are displayed in the Figures 1 to 12. 
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Figure 1, Figure 2, Figure 3 and Figure 4 Identification of the areas of action with personnel from the 

Heredad of Arucas and Firgas, GESPLAN and ITC (November 2
nd

, 2020) 

 

 
 

 

 

Figure 5, Figure 6, Figure 7 and Figure 8 General views of Action Zone 1 initially identified, including the 

area for associated fog collectors (November 2nd, 2020) 
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Figure 9, Figure 10, Figure 11 and Figure 12 General views of Action Zone 2 initially identified, including the 

area for associated fog collectors (November 2nd, 2020) 
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ZONE 1 

 
REFORESTATION ZONE 2 

AREA REFORESTATION 

AREA 

 

 
 

Figure 13 Areas to be reforested (Google Earth) 

 
 
 

Figure 14 Areas to be reforested seen from the road GC-21 
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In a first approach, it was suggested that there should be two fog catchment zones and that in 

each zone an irrigation area associated with AFDS should be defined (Figures 13 and 14): 

Å Zone 1: Three AFDS systems. Surface to be used 4.5 Ha 

Å Zone 2: Three AFDS systems. Surface to be used 3.5 Ha 
 

 
Figure 15 Proposed reforestation areas from AFSD 

 
 
 
 
 
 

 

Figure 16 Zone 1 for AFDS, 4,5 Ha 

 
 
 
 
 
 

 
Figure 17 Zone 2 for AFDS, 3,5 
Ha 
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Initially, the irrigation areas related to each AFDS were sectored as shown in Figure 15 and 

Figure 18: Zone 1 (Figure 16) and Zone 2 (Figure 17). Each zone relied, in turn, on a specific fog 

collecting area (Figures 19 and 20). 

 

 

 
Figure 18 AFSD's proposed reforestation areas and two Fog Collectors locations (CN1 and CN2) 

 
 
 
 
 

 

Figure 19 Zone 2 for Fog collectors (CN2) 
Figure 20 Zone 1 for Fog collectors (CN1) 

 

 
hƴŎŜ ǘƘŜ ŀǊŜŀ ǿŀǎ ŀǎǎŜǎǎŜŘ ǿƛǘƘ ǘƘŜ ŦƻƎ ŎƻƭƭŜŎǘƻǊǎΩ ǎǳǇǇƭƛŜǊΣ ƛǘ ǎŜŜƳŜŘ ƳƻǊŜ ŀǇǇǊƻǇǊƛŀǘŜ ǘƻ 

centralize the location of all the fog collectors in a specific location, i.e. at the highest elevation 

and the point most exposed to trade winds. Moreover, after beginning the process of clearing 

and conditioning the hillsides, it was noted that those areas initially designated for AFDS were 
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in fact of difficult access, and that the slopes were too steep, and therefore unsuitable for the 

installation of drip irrigation systems. 

During another field visit on February 15 , 2021, and in agreement with GESPLAN, new 

irrigation zones were defined based on AFDS. In this case, the horizontal strip arrangement of 

each irrigation zone minimizes differences in pressure between the various points in the 

irrigation network. It also allows for a better coefficient of homogeneity in water distribution. 

 
The Figures 21 to 28 show the visit carried out on February 15, 2021, and the distribution of 

the six irrigation areas eventually assigned to each AFDS system after their rearrangement 

(Figure 29). 
 

Figure 21, Figure 22, Figure 23 and Figure 24 Identification of new areas of reforestation with 

GESPLAN and ITC personnel (February 15
th

, 2021) 
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Figure 25 General view of one of the areas proposed for the installation of the AFDS irrigation system 
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Figure 26 and Figure 27, Detail view of one of the areas proposed for the installation of the irrigation system 

from AFDS. In the image you can see the traditional terraces that will facilitate the installation of the irrigation 

system. 
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Figure 28 Irrigation zones associated with each AFDS on February 15, 2021 
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4. Action: A2. Environmental, social and economic indicators selection: Monitoring and 
evaluation protocol. Environmental, economic and social indicators monitoring 
protocol 

ITC assed to define the meteorological, soil moisture and water indicators. The chosen set of 

variables is intended to meet a balance between the available economic resources and the 

needs of the project. Some of these needs were as follows: 

¶ Characterizing the meteorological conditions of the study area during the project 

lifetime. 

¶ Generating in situ data, which is required for generating direct or indirect 

environmental indicators, such as wind speed, precipitation, insolation, number of 

days without rain, number of days with fog, and soil moisture. 

¶ Evaluating the fog collectors' capability to generate irrigation water, and assessing its 

impact on the terrain. 

¶ Compare the state and evolution of the terrain under the effects of fog water 

discharges with that of the nearby terrain that will not be irrigated. 

In order to characterize the meteorological conditions, one Meteorological Central Station 

(MCS) was needed to monitor: 

- Wind speed 

- Wind direction 

- Ambient Temperature 

- Relative Humidity 

- Global Horizontal Solar Irradiation 

- Amount of accumulated rainfall water 

- Visibility (if possible, to better determine the existence of fog). 

 
Full technical descriptions on technical equipment have been gathered on Action A.3 

Ψ9ǉǳƛǇƳŜƴǘ evaluation and selection. Monitoring and evaluation ǇǊƻǘƻŎƻƭΩ 
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5. Action A3: Equipment evaluation and selection - Monitoring and evaluation protocol. 
Equipment monitoring protocol 

 

Weather station 

In order to characterize the meteorological conditions, one Weather Central Station (WCS) was 

acquired monitor (Table 5): 

- Wind speed 

- Wind direction 

- Ambient Temperature 

- Relative Humidity 

- Global Horizontal Solar Irradiation 

- Amount of accumulated rainfall water 

- Visibility (if possible, to better determine the occurrence of fog). 

Table 1 Instrumentation required to register meteorological indicators 
 

Task/Measure How When Image 

Wind Speed 1 Anemometer. Fixed to the WCS. 
Installed to be representative of the 
whole project area. 

Continuously 
from the 
beginning of 
measuring 
recording date. 

 

 

Wind Direction 1 Wind vane. Fixed to the WCS. 
Installed to be representative of the 
whole project area. 

Continuously 
from the 
beginning of 
measuring 
recording date. 

Ambient 
temperature 

1 Temperature sensor. Fixed to the 
WCS. Installed to be representative of 
the whole project area. 

Continuously 
from the 
beginning of 
measuring 
recording date. 

 

 

Relative 
humidity 

1 Relative humidity sensor. Fixed to 
the WCS. Installed to be 
representative of the whole project 
area. 

Continuously 
from the 
beginning of 
measuring 
recording date. 

Global horizontal 
solar irradiation 

1 Pyranometer. Fixed to the WCS. 
Installed to be representative of the 
whole project area. 

Continuously 
from the 
beginning of 
measuring 
recording date. 
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Amount of 
accumulated 
rainfall water 

1 Rain gauge sensor. Fixed to the 
WCS. Installed to be representative of 
the whole project area. 

Continuously 
from the 
beginning of 
measuring 
recording date. 

 

 

 

Task/Measure How When Image 

Visibility 1 Visibility sensor. Fixed to the WCS. 
Installed to be representative of the 
whole project area. 
Visibility detector measures 
atmospheric visibility 
by determining the amount of light 
scattered by different particles 
(smoke, dust, haze, fog, rain or snow) 
in the air that passes through 

the optical sample volume 

Continuously 
from the 
beginning of 
measuring 
recording date. 

 

 

 
The selection of the equipment has been carried out with the purpose of keeping the balance 

between the desired quality of the measurements and the economic resources available. For 

this purpose, several supplying companies have been contacted and requested to provide an 

offer. 

Among different offers received, and taking into account the quality-price ratio, we opted for 

the ONSET instrumentation, from which we purchased both the sensors fixed to the support 

mast (wind speed and direction, ambient temperature, relative humidity, solar irradiation and 

precipitation), and the wireless sensors (soil moisture probes and water meters), as well as the 

data acquisition system (ONSET RX3004 datalogger + module for wireless sensors + analogue 

module). Finally, a visibilimeter from HenSistemas (HS-VTF14306BE) has also been acquired, 

which requires its own power supply, independent from the rest of the station, consisting of a 

photovoltaic panel (12V, 100W), battery (20 Ah) and current regulator + protection box (IP65). 

All the instrumentation, as well as the support mast, has been acquired through "Grupo EIC 

Iberia S.L.". The acquisition of all the material in a joint offer has contributed to significantly 

reduce the overall costs. 
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AFDS Installation 

Weather Central Station (WCS) 

General description of the AFDS reforestation System 

Each AFDS reforestation system consists of the following core elements: 

ǒ Fog collector 

ǒ Water storage tank 

ǒ Autonomous AFDS discharge system 

ǒ Irrigation network 

A general outline of each AFDS reforestation system is shown in Diagram 4. 
 
 
 

 

Diagram 1 General outline of each AFDS reforestation installation 
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The general functioning of each AFDS reforestation installation is detailed below: 

The 5,000 L water storage tank will be filled with water on an irregular basis, always depending 

on the water production capacity of the fog collector associated with the system. 

Since the AFDS system is installed and linked to this tank, once it reaches a certain water level, 

the AFDS system will start running, discharging the water from the tank through the drip 

irrigation system into the 830 plants. 

This AFDS system will operate in an autonomous and automatic way every time the tank 

reaches a certain water levelτunder adjustment. 

The following shows a general outline of the AFDS autonomous discharge system, as well as its 

basic operation sequence and its capacities (Figures 40 and 41, and Diagram 5 and 6). 

 
 

 
The device consists of the 

following elements: 

 Discharge pipe 

 Flotation vessel 

 Protection shell 

 Clamping base 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Diagram 2 AFDS schema 

 
 
 
 
 
 
 
 

 
Figure 29 AFDS device 

 
 
 
 
 
 

 

Figure 30Set (AFDS device + tank) 
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AFDS operation steps: 

 
1 Tank filling. 

2 Vessel floatation. 

3 Maximum level. 

4 Start of discharge. 

 
5 

 
Tank discharge. 

 
6 

 
End of discharge. 

  

 
Diagram 3 How does AFDS work? 

 

 
AFDS is a modular device as it is scalable in dimensions and in discharge capacity. There are 

three different models depending on the diameter of the discharge pipe (Table 2). 

Table 1 Different models of AFDS and capacities
15

 
 

  ̅Discharge pipe Max output flow 

(l/h)*  

Min output flow 

(l/h)*  

Model 20 20mm 900 300 

Model 32 32mm 3800 400 

Model 50 50mm 6,500 2,000 

 

 

The AFDS model selected for these reforestation systems with AFDS is AFDS32, the dimensions 

of the hydraulic outlet pipe being DN32 mm. 

 

15
 Data obtained from tests carried out in a tank of 1m

3
 of water and without loss of load (atmospheric 

pressure) 
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Using this pipe diameter, each AFDS32 should provide irrigation for the 833 plants, with an 

average of 6 L irrigation for each plant at a 4 L/h flow rate per dripper. This translates into an 

AFDS output flow rate of about 3,300 L/h for each irrigation system. 

 

 

General arrangement of the different elements in the AFDS reforestation 
System 

The proposed distribution of the different elements of the reforestation system is shown in 

Figure 42. 

 

 

Figure 31 Final irrigation zones associated with each AFDS and Fog collectors 

ǒ Installation area of fog collectors (6) 
ǒ 5,000 L tanks with AFDS (6) 
ǒ AFDS reforestation areas (6) 

 

 

Required materials and equipment for the installation of AFDS 

Assuming that the project partner, GESPLAN, will be installing the fog collectors, 5,000 L tanks, 

irrigation network and hydraulic interconnection between the main elements, ITC was in 

charge of gathering the required materials and equipment for the manufacture, installation, 

commissioning, monitoring and control of the six AFDS that will be part of the reforestation 

system. 

Most of the materials used in the manufacture and installation of AFDS systems are both 

sanitary and pressure Polyvinyl Chloride (PVC) materials, and high-density polyethylene (HDPE) 

materials, as well as adhesives, silicones, screws, etc., all of which are CE marked. 
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The most important materials and hydraulic accessories for the manufacture and installation 

of each AFDS unit are listed in Table 3. 

 

 
Table 1 4 Materials and hydraulic accessories for the manufacture and installation of each AFDS unit 

 

Units Item 

2 Linear meters of sanitary pvc pipe 315 mm 

0.5 Linear meters of sanitary pvc pipe 250 mm 

2 Linear meters of sanitary pvc pipe 32 mm 

0.5 Linear meters of sanitary pvc pipe 250 mm 

2 Linear meters of sanitary HDPE DN50 PN10 

2 Linear meters of HDPE pipe DN50 PN10 

2 PVC sanitary plug 315 mm 

1 PVC sanitary plug 250mm 

1 Uraplast O-ring 90 mm 

2 PVC elbow 32 mm x 90º 

1 PVC elbow 32 mm x 45º 

2 PVC male plug 32 x мέ 

3 PVC female plug 32 x мέ 

1 PVC ring 32 mm 

1 PVC nipple мέ 

1 Metal bulkhead fitting 6mm tube automatic. 

4 Linear meter silicone hose Helivil 32mm. 

1 Linear meter polyurethane tube 6mm. 

8 Rubber ring gasket. 

0,2 m2 Tramex GRP. 

1 1 micron mesh filter DN32mm. 

 Various materials (glues, solvents, screws, silicones, clamps, etc.) 
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In Table 4 there is a breakdown of the equipment and accessories necessary for the 

installation, monitoring and control of each AFDS unit and interconnection with the irrigation 

network. 

Table 1 Equipment and accessories necessary for the installation, monitoring and control of each AFDS unit 

 

Units Item 

5 Linear meter of HDPE pipe DN32 PN10. 

4 мέ PVC ball valve. 

8 PE 32-мέ link 

2 PE 32-мέ link 

2 PE 32 tee 

1 DN32 meter with 1P /  1L pulse sensor Wi-Fi communication. 

2 мέ double effect suction pad, plastic base PN16. 

2 Glycerine pressure gauge 0-10 bar. 

 

 

Water meters 

For each AFDS reforestation system, water meters with pulse sensors are installed, as well as 

communication via Wi-Fi, with the data collection system located in the weather station. This 

is to determine the following: 

ǒ The number of discharges/irrigations performed in the system. 

ǒ How often these irrigations are performed. 

ǒ The quantity or volume of water (in m3) supplied in each irrigation. 

The water meters have to achieve a precise measurement result, even with difficult water 

quality (suspended solids) or in difficult installation situations (outdoors). It is equipped with 

communication interface for: 

ǒ Electronic pulse 

ǒ Wired M-bus 

ǒ Radio via wireless M-bus 

With these characteristics, the water meter selected is the multi-jet dry dial meter MTKD-M 

DN 32 model from ZENNER International GmbH & Co. KG. Figure 43 is an image of the water 

meter 
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Figure 32 Multi-jet dry dial meter MTKD-M 

 
 

 

Soil Moisture Sensors 

A network of 23 soil moisture sensors are going to be installed. It consists of wireless soil 

moisture sensors connected to the weather central station via wireless communication 

equipment. The model selected is the RXW-SMD-868 (Figure 44). 
 

 
Figure 33 RXW EC-5 or 10H Soil Moisture Sensor 

The 23 soil moisture sensors are been spread over the project area, at strategic points (Figure 

45, 46 and 47): 2 for each of the 6 AFDS irrigated zones, 2 for each of the remaining 3 irrigation 

methods and 5 to monitor the existing surrounding forests and cleared areas. 
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Figure 34- The 23 soil moisture sensors distribution over the project area 

 

Figure 35 Soil moisture sensors location in three of the AFDS reforestation areas, and two of surrounding forests (chestnut and elm) 
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Figure 36 Soil moisture sensors location in a different irrigation method (MS19 and MS20) and pine forest (MS22) 

 
 

 

Data acquisition and recording system 

Data is expected to be recorded at least every 5 minutes (36 * 288 measurements/day = 10 

368 measurements/day). It is worth mentioning that, although there are just 36 variables of 

interest for this project, each wireless sensor is equipped with a battery that needs to be 

monitored when charging, which adds a further total of 29 measurements. Therefore, the data 

acquisition system itself has its own battery that also needs to be monitored. Finally, in order 

to solve possible connectivity problems between the wireless sensors and the datalogger, 3 

signal replicators have been purchased, also equipped with rechargeable batteries, which need 

to be monitored as well in case their use is required. Consequently, the total number of 

recorded signals throughout the day will eventually beτdepending on how many signal 

repeaters are required, and on the monitoring of the visibilimeter and its power supply 

systemτbetween 69 and 75 instantaneous records, i.e. between 19872 and 21600 

measurements per day. 

The Data Acquisition System has at least one month of storage memory. In fact, the RX3004 is 

equipped with a memory capacity of approximately 2 million records, so that under such 

conditions the System would start overwriting data already recorded after little longer than 92 

days of work. 
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Since the study area is off grid, the entire system must be electrically autonomous. In this 

sense, it should be noted that the Data Acquisition System is equipped with its own 

photovoltaic panel (15W) and has an internal battery, so its autonomy is guaranteed. 

Sensors attached to the WCS send their data to the Data Acquisition System (data logger) via 

wired communication. While sensors attached to the WCS will be sending their data to the 

Data Acquisition System (Data logger) via wired communication, moisture sensors and water 

metersτdue to their distribution on the fieldτwill be doing so via wireless communication 

(Figure 48). Since the data logger will be placed 750 m away from the farthest sensor (MS20), a 

wireless repeater will be needed (Figures 49 and 50). The final arrengement of all the sensors, 

including water meters, could require installing more signal repeaters. 
 
 

 

 
Figure 37 Wireless Pulse Input Sensor to connect to sensors with pulse output (Water meters and Soil moisture 

sensors). 

 

 

Figure 38 and Figure 39 Wireless repeater and wireless manager. Data will be transmitted wirelessly from 

sensors across the network to the Remote Monitoring Station and then uploaded to cloud-based software 
platform. 

 
 

 

The Data Acquisition System was equipped with a SIM card to be able to continuously send its 

records to an online platform where the data will be available and accessible 

(https://www.hobolink.com/). 

https://www.hobolink.com/
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The system must also allow for manually downloading data in case there is any 

communications failure between the system and the platform. 

Data will be managed in a way that ensures that recorded values present instrumental 

uncertainty, which will avoid any chance of having invalid measurements. The appropriate 

values will be generated for the characterization of meteorological conditions, as well as for 

obtaining the required environmental indicators. Currently, it is not possible to determine the 

specific methodology to be followed, since this will depend on the possibilities that the 

communication platform for data acquisition will offer. 

Data collected by the weather station and the moisture sensor are accessible from the 

HOBOlinkplatform (www.hobolink.com). This platform allows data to be viewed in graphs and 

exported in Excel format. However, its operation is slow and the visualisation options are 

limited. In order to improve data retrieval, an SFTP service on ITC's own servers is about to be 

installed to make the most of the HOBOlink platform's automatic export option. 

Thus, the data would be received daily in text format and, once they were on the ITC servers, 

they could be incorporated into a database that would allow them to be consulted using any 

compatible tool. In accordance with the number of variables to be collected and the data 

recording frequency, the use of PostgreSQL and its Timescale extension is considered 

appropriate. Grafana, a free software for the visualisation of time series data through the web, 

which has already been successfully tested by the ITC water department, will be used as a 

query tool. All of this would be implemented on the same ITC server that hosts the SFTP 

server. 

 

 

Initial irrigation network model 

The available terrain for each irrigation zone was divided in 3 sectors. Each sector is 

approximately 96 metres long and 34 metres wide. This had allowed install a hose with 49 

drippers (longitudinally) every two metres width, totalling to 17 hoses per sector and 833 

drippers. Traditional drip irrigation systems require a homogeneous pressure distribution 

along the pipes as long drippers flow is pressure dependent where alpha is around 0.5: 

ή = ὧ ϊ ὴ‌ 

However, self-regulating drippers exist and are able to keep a constant flow rate (alpha = 0) in 

a certain pressure interval. 

Table 1 Drippers characteristics 
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Figure 40 Dripper pressure curve 

 
 

 

From the Table 1 and Figure 30 we know our irrigation network should work in a range of 

pressures between 0.6 and 3.5 bar. The pipe to which drippers will be connected will be an 

agricultural grade 16 mm LDPE that has 2.5 bar working pressure then, the pressure range of 

our irrigation network should be 0.6 to 2.5 bar. 

For the calculations, the relative elevation of every single dripper with respect to the AFDS was 

estimated using linear interpolation based on the known elevation of six of themτthe four in 

the corners and two in the middle of the longest sides. As a result, you can see the Diagram 1 

ǿƛǘƘ ǘƘŜ ŘǊƛǇǇŜǊΩǎ ŘƛǎǘǊƛōǳǘƛƻƴ ƻƴ ǘƘŜ ǎǇŀŎŜΦ 
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Diagram 4 Distribution of the drippers in some of the evaluated areas taking into consideration the slope 

 
 

 

The water distribution is made through a central 32 mm agricultural grade low density 

polyethylene (LDPE) 10 bar nominal pressure pipe that we will call ΨƳŀƛƴ ǇƛǇŜΩ that feeds the 

16 mm LDPE pipe which contains the drippers previously mentioned (branches). Every single 

branch will be equipped with a small manual valve as the one in the figure below: 
 

Figure 41Small manual valve for every single branch. 

 
 

 

To ensure pressure requirements are satisfied in every moment and for every dripper, an 

EPANET16 model was created and simulated. EPANET allows implementing emitters based in 

ǘƘŜ ŦƻǊƳǳƭŀ ƳŜƴǘƛƻƴŜŘ ōŜŦƻǊŜ ōǳǘ ƛǘ ŎŀƴΩǘ ōŜ ǳǎŜŘ ǿƛǘƘ ŀ ȊŜǊƻ ŀƭǇƘŀΦ {ƻ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ 

consisted in assuming that the pressure range will guarantee the drippers flow so it can be 

assimilated to a time constant demand. The simulated network behaviour will be true as long 

as the pressure in every single junction (dripper) is within the dripper pressure-compensation 

 
 
 
 

 

16
 EPANET is a public domain hydraulic analysis package for water supply networks. 
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interval. An example of these simulations is represented in Diagram 2. The dripper minor 

losses were calculated according to H. K. Celik et. al. 201517. 

As the elevation difference between drippers from the same network could be more than 20 

meters (1.96 bar) a pressure regulation must be implemented. A first approach was to reduce 

pipe diameters to drop enough pressure by friction in order to maintain it in the desired range 

however, it resulted insufficient. Then, the aim was to find the best valve combination that 

satisfied this condition. 

Finally, it was found that setting just three properly adjusted valves along the main pipe as 

shown in diagram 5 would provide enough donwstream pressure (between 0.5 and 1 bar 

depending on the case) as to maintain the whole network working in the appropriate pressure 

ranges. 
 

 
Diagram 5 Example of a pressure model simulated with EPANET 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

17
 Determination of Head Losses in Drip Irrigation Laterals with Cylindrical InȤLine Type Emitters through 

CFD Analysis. H. K. Celik, D. Karayel, M. E. Lupeanu, A. E. W. Rennie and I. Akinci 
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6. Action C2: - Execution of traditional and innovative reforestations 
 

Weather station installation 

Material reception and test installation 

All the equipment was received at ITC's facilities in Pozo Izquierdo, where it was checked for 

correct operation on arrival and a test installation was carried out during June, 2021. Below 

there are images of the reception, assembly and installation of the equipment to be tested. 
 

 

 

Figure 42 One of the soil moisture sensors received Figure 43 Rain gauge sensor received 

 

Figure 44 Wireless Pulse Input Sensors received Figure 45 Visibility sensor 

 

Figure 46 Data logger Figure 47 Visibility sensor regulator 
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Figure 48 One of the 

water meters received 

Figure 49 One of the 

water meters received 

 

 

Figure 50 Rain gauge sensor received Figure 51 Rain gauge sensor received 

  

 Figure 52 Rain gauge sensor received Figure 53 Rain gauge sensor received 

Figure 54 Rain gauge sensor received Figure 55 Rain gauge sensor received 

 

 

As a result, it was possible to verify the proper functioning of all the elements that were tested 

and their interconnections. All the sensors were fixed to the support mast, the visibilimeter 

and several soil moisture probes were installed. Besides, the wireless connection of one of the 

water meters was also tested. The connection of the Datalogger to the network was also 

verified, as well as the correct recorded data transferring to hobolink.com website, from 
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where the it can be accessed for visualisation purposes, as well as for downloading and 

periodical data transfer. 
 

 

Figure 56  Data Logger installed for tests 

 

Figure 57 Weather station installed in Pozo Izquierdo for tests 

 
 

Installation in field 

After visiting the LIFE Nieblas work area (Finca El Pinillo, GC-21, km 29.6), the location of the 

weather station was determined 30th, June, 2021. 

In a second visit, on the 8th July, 2021, the exact placement and position of the pillars 

supporting the central mast of the station was determined and the base was built. 
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Figure 58 Determining the exact placement and orientation of the pillars for the weather station (8th July, 2021) 

 
 

 

 

Figure 59 Site preparation for the weather station 
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Figure 60, Figure 61, Figure 62  Figure 63, Site preparation for the weather station 

 

 

On 13th July, 2021, having already built the base, we proceeded to assemble the central mast, 

fixed sensors, visibilimeter datalogger and the protection box for the battery and regulator, as 

well as the rest of the required elements. Connectivity tests were carried out on the station 

with the hobolink.com site, with satisfactory results. 
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Figure 64,  Figure 65, Figure 66, Figure 67, Figure 68, Figure 69,.- Central Weather station installation 

in field 

 
By the link included in Figure 173 is possible to watch the installation propose and process. In 

Figure 174 can be observed the first measures send by the LIFE NIEBLAS CWS to HOBO link 

system. 
 

 
Figure 70,, Image captured from a video published about CWS: 

https://fb.watch/cLCxd5If9e/ 

https://fb.watch/cLCxd5If9e/
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Figure 71, First measures send by the LIFE NIEBLAS CWS to HOBO link system 

 

 

On 23th July, 2021, the CWS was visited in the frame of second steering committee and it was 

initiated de monitoring process. 
 

Figure 72, Figure 73,.- Visit to the CWS during second steering committee. 
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Issues and drawbacks with data acquisition system 

Over the days following the installation of the station, it was observed that its connectivity 

with hobolink.com was irregular: not all the scheduled connections were established, and 

there were time intervals where the station lost connectivity (via GSM) with the hobolink.com 

portal. For this reason, on 16th July, 2021, the equipment was restarted (the power supply was 

disconnected and reconnected after a reasonable period of time). Although the station re- 

established connection with the portal, the station-portal connectivity failures persisted. 

Thanks to contacting the equipment supplier (EIC Iberia S.L.), we were instructed to repeat the 

station restarting operations, which was done on several occasions, including removing the 

SIM card and reinserting it before restarting. 

Given that the connectivity problems persisted, the supplier decided to send us a test 

datalogger (RX2102), with similar characteristics. This datalogger would be used to test 

whether it presented the same connectivity problems (in which case the problem could be 

caused by the GSM service provided by the network operator via the SIM card), or whether it 

did not show the same issues (in which case there could be a problem with the RX3004 

device). 

The RX2102 device was received at ITC-Cebrian facilities on 1st September, 2021, and in 

contact with the instrumentation supplier, connectivity tests were carried out in-situ, but they 

were unsatisfactory. It was then decided to change the SIM card and carry out a second 

connectivity test, which was successful. This result led the supplier and the ITC technical staff 

to assume that the connectivity problems of the RX3004 device installed in the LIFE Nieblas 

work area (Finca El Pinillo) were not caused by the RX3004 itself, but by the GMS services 

provided by the network operator linked to the SIM card. Therefore, the supplier and the ITC 

agreed to replace the SIM card with another one that the supplier would send as soon as 

possible. 

After picking up the SIM card at the shipper's facilities, it was taken to the LIFE Nieblas work 

area to replace the one previously installed in the RX3004. This operation and the necessary 

configuration changes in the device were carried out on 13th, 14th and 15th September, 2021. 

The station then began to correctly record data by means of fixed and wireless sensors, 

although it was not possible to solve all the connectivity problems that the station continued 

to have. In other words, the equipment could establish connection with the portal, but it was 

not making all the programmed connections. 

In the following days, both the instrumentation supplier and the ITC established direct contact 

with ONSET's technical support. As a result, the ONSET personnel in charge indicated to 

disconnect the power supply to the station and remove the wireless module in order to 

inspect both the module and the RX3004 base in which the module was inserted. This task was 

carried out on 24th September, 2021. It was noted that the connection pins of the RX3004 in 

which the wireless module was inserted were damaged. The ONSET technical support was 

informed of this and decided that the RX3004 should be replaced by a new one, which ONSET 

would send from the US as soon as possible. 
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Bearing in mind that the new RX3004 device had to be shipped from the US, and taking into 

account the worldwide problem of microchip manufacturing at the time, the supplier decided 

to send an RX3004 of his ownτused for exhibition purposes onlyτ, as well as the new 

wireless module, in order to avoid the loss of data and solve the connectivity problem at the 

earliest possible time. 

After receiving the RX3004 at the ITC-Cebrian facilities on 4th October, 2021, it was moved to 

the LIFE Nieblas work area for installation on 5th October, 2021. On the same day, the faulty 

datalogger was replaced with the new one, all the sensors (fixed and wireless) were connected 

and all the sensor-RX3004 connections were checked to ensure they were correct. In addition, 

all the RX3004-hobolink.com portal connection tests were satisfactorily completed. 

In the following days, RX3004-web portal connectivity problems were detected again, so the 

consultations and communication with both the supplier and ONSET technical support went 

on, until these circumstances could be definitively solved. 

Furthermore, regarding the measurements recorded by the visibilimeter18, it should be 

pointed out that in the days following its installation, it lost power as a result of a failure in the 

power regulator, which meant that it had to be replaced by a new one. To prevent this 

incident from happening again in the future, it was decided to install another one supporting a 

higher amperage. 
 

 

Figure 74, Work at the weather station (October 2021) 

 

During the second half of October, the behaviour of the Datalogger (Data Acquisition System) 

continued to be analysed and it was found that all the installed sensors, both those wired and 

the wireless ones, were working correctly, but not so the communications between the 

Datalogger and the hobolink.com web portal. 

In agreement with the Datalogger manufacturer's technical support, it was decided to test the 

operation of the Datalogger by changing the SIM card used to communicate via GSM, for 

another one that uses a local service provider. This change was made on 17th November 2021, 
 

18 
A further failure has subsequently occurred in one of the components that make up the visibilimeter's power 

supply (photovoltaic panel, battery and regulator), and it has not yet been possible to determine which of them 

failed and why. As a result, it has not been possible to enable the visibilimeter measurements. 
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and it was then verified that the communication problems between the Datalogger RX3004 

and the hobolink.com portal were indeed solved. Since that day, only occasional 

communication failures have occurred, and in no case has a failure of two consecutive 

attempts been recorded, and communication has been re-established immediately after any 

communication failure. 

Considering that the current RX3004ςhobolink.com communication schedule involves a total 

of 27 connections per day, and taking into account that only occasional failures without data 

loss have been detected, the operation is considered to be correct and the few communication 

failures are due to the GSM network of the operator used. 

 

 

Figure 75, Measures send by the LIFE NIEBLAS CWS after change the SIM card used to communicate via GSM, for 

another one that uses a local service provider. 
 

 

 

  



 

40 
 

Soil moisture installation 

First reference soil moisture sensors installation 

On the 8th July, 2021, the wireless soil moisture probes for chestnut, elm and pine trees were 

installed. Given that the elm tree probe was located at a distance that exceeded the probe- 

station connection, a signal repeater was also installed. It was also verified that all the wireless 

probes were correctly connected to the datalogger. 

 

 
 
 
 
 
 
 
 
 
 

 

Figure 76, Figure 77, First soil moisture installation in field with wireless pulse 

input sensor. 

  
Figure 78, Figure 79, First soil moisture installation in field and Wireless Pulse 

Input Sensor (reference chestnut sensor). 
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Figure 80, Figure 81, Figure 82, Verified sensor connections with the data logger 

 
 

 
At a later stage, during a field visit to the work area on 15th September, 2021, several areas 

were flooded in order to verify the performance of the soil moisture probes. These areas were 

those around the chestnut, pine and elm trees. Then, a new soil moisture probe was set up in 

an area that would remain intact, and its surroundings were also flooded. Finally, another 

probe was connected, with which a performance test was carried out by putting chestnut tree 

soil in a container, and flooding it as well. 

On the same day, a new reference moisture sensor was installed on the ground next to the 

weather station. In addition, using funnel-shaped large water bottles, the soil around the four 

installed reference probes was saturated with water in order to obtain the maximum m3/m3 

value. 
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Figure 83, Saturation of reference 

chestnut tree moisture sensor 

 
Figure 84, Reference chestnut tree moisture 

 
Figure 85, Saturation of reference 

elms forest moisture sensor 
 

 
Figure 86, Saturation of reference pine forest 

moisture sensor 

 
 
 

 
Figure 87, Saturation of reference weather station moisture sensor 

 

 

During the process of water saturation around the moisture sensors, it was found that the 

sensor in the pine forest area was difficult to spot from the path, since due to issues with radio 

signal coverage it had to be located on a steep slope approximately 20 metres away. 
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 Figure 88, Figure 89, Beacon and singular element to localize pine forest soil moisture sensor. 
 

 Figure 90, Figure 91, Figure 92,  Beacon seen from the path (left), sensor seen from the slope mid-point 

(centre) and the beacon seen from that same point (right) 
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Soil moisture sensors calibration 

In order to guarantee the accuracy of the data provided by the soil moisture sensors of the 

different types of soil in the working area, the scientific team has considered it convenient to 

subject the sensors to measurement tests that emulate, as far as possible, a calibration 

process. 

To this end, the following steps have been taken: 

¶ In the Datalogger, the sampling and signal recording period has been provisionally 

modified to set it to a recording per minute. 

¶ Ground samples have been collected from the Chestnut, Elm and Pine groves, as well 

as a ground sample of an area without trees (26/10/2021 and 11/11/2021). 

¶ Each of these samples was isolated and subjected to a drying process in order to bring 

them as close as possible to a situation of zero humidity (volumetric water content in 

each sample close to 0 m3/m3). The test procedure was completed on 16/11/2021. 

¶ Each soil sample was weighed, as well as the tank in which the sample was to be 

analysed, together with the necessary elements to carry out soil moisture 

measurements that can be contrasted with the sample weight (17/11/2021). 

¶ Each soil sample was weighed, as well as the tank in which the sample was to be 

analysed, together with the necessary elements to carry out soil moisture 

measurements that can be contrasted with the sample weight (17/11/2021). On the 

same day, water was added to each soil sample, measuring its volumetric content of 

water and recording the weight of the sample after having added the water. The same 

procedure was repeated until each soil sample was close to saturation. 

¶ In the following days, weight measurements of each soil sample were carried out in 

order to compare them with the corresponding measurement of volumetric water 

content in soil. 

¶ The test process is still ongoing, and will be extended as long as possible in order to 

achieve as many weight measurements of the samples as possible. 

On the same day this testing was started (17/11/2021), all the available soil moisture sensors 

were installed on a provisional basis, in order to make them easier to use once their final 

location would be determined. 

The following tables and images show the procedure carried out and some of the data 

obtained. 

 
SAMPLE WEIGHT TIME 

PINE TREE GROUND 8260 gr 10:08 
CHESTNUT TREE GROUND 7074 gr 10:11 
UNCULTIVATED GROUND 6005 gr 10:15 
ELM TREE GROUND 6934 gr 10:33 

Table 37 Ground weights in different points 
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Figure 93, Figure 94, Soil weighing and saturation process to check soil moisture sensor measurements. 

 
 

 

Table 38 shows the results of the tests on the soil sample from the pine forest in the saturation 
process. 

 
AMOUNT OF ADDED WÁTER 

(APPROXIMATE) 
TOTAL AMOUNT OF ADDED WATER 

(APPROXIMATE) 
WEIGHED 
WEIGHT 

TIME 

100 ML 100 ml 8354 gr 10:09 
100 ML 200 ml 8498 gr 10:16 
100 ML 300 ml 8577 gr 10:37 
100 ML 400 ml 8695 gr 11:08 
100 ML 500 ml 8807 gr 13:32 

Table 1 Amounts o added water and weights with pine tree ground 
 

Figure 95, Soil samples during the process of contrasting measurements of volumetric soil water volume and sample 

weight 
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Figure 96, Weather station, sensors installed on samples of different soils, pre-installed sensors in a temporary 

location, and sensors in the background. 

 

 
 

Figure 97, 2 Weather station and wireless sensors pre-installed in temporary location. 
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Installation of soil moisture sensors associated with irrigation networks. 

Two soil moisture probes were installed for each AFDS, up to a total of six, so that one is next 

to a plant and the other one outside. The approximate coordinates are represented in the 

Table 39. 

 

 
AFDS 

 
Location 

 
Serial 

number 

NID (Lit. 
Document 

Identification 
Number) 

 
X (dec.) 

 
Y (dec.) 

 
X (UTM) 

 
Y (UTM) 

1 No plant 21084782 0x8B38 28.03683 -15.596565 441363,583 3101425,706 

1 Plant 21084781 0x8B39 28.03683 -15.596565 441363,583 3101425,706 

2 No plant 21084784 0x8B3C 28.03647 -15.59643 441376,658 3101385,760 

2 Plant 21084785 0x8B42 28.03663 -15.596445 441375,270 3101403,492 

3 No plant 21084778 0x8B3B 28.036253 -15.596338 441385,583 3101361,677 

3 Plant 21084780 0x8B3D 28.036299 -15.596278 441391,505 3101366,744 

Table 1 Approximate coordinates of the soil moisture sensors associated with irrigation networks 

 

Figure 98, Soil moisture sensors installed in irrigation networks associated with each of the AFDS (left: non-

irrigated areas; right: irrigated area). 
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Figure 99, Approximate location of soil moisture sensors associated with AFDS irrigation networks 
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Installation of soil moisture sensors associated with individual fog collectors reforestation area. 

Two soil moisture sensors were installed in the first individual fog collectors reforestation area. 
 

 
Figure 100,  Individual fog collector 

 

Figure 101, Approximate location of soil moisture sensors associated with first individual fog collectors area. 

 
 

  


































































































