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Woodlands are important for human 
life in countless ways. Woodlands 
are the lungs of the planet. They are a 

refuge for numerous plant and animal species. 
The biodiversity of woodlands and the ecosys-
tems that develop within them are a source of 
resources for medicine, food, industry, and ener-
gy. Woodlands provide us with food and raw 
materials for sustainable development. They 
protect the soil from erosion, reducing the risk 
of floods, avalanches or landslides. They help 
to combat climate change and contain global 
warming while also favouring precipitations. 
Woodlands increase people’s physical and 
mental wellbeing. They are also cultural and 
spiritual reserves and the backdrop for myths 
and legends. Forest fires destroy woodlands 
along with the ecosystems they shelter, redu-
cing the biodiversity of the planet. Forest fires 
put people, their property, their jobs, their liveli-
hoods, and infrastructures at risk. They increa-
se the risk of desertification and impoverish the 
quality of the atmosphere by increasing green-
house gas emissions. Forest fires contribute to 

global warming and climate change. The global 
incidence of extreme weather phenomena and 
major forest fires continues to increase, fed by 
climate change. Of the last 10 most destructive 
forest fires in the history of California, six have 
occurred in the last five years; CO2 emissions 
due to the June 2020 fires in Siberia reached 
the highest ever recorded value; the average 
temperature in Europe in 2020 exceeded all 
previous records; and the surface area burnt in 
2020 in Europe was larger than the average sur-
face area burnt in the 10 previous years. 

Introduction
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Early detection of forest fires and reliable and robust communication and geoloca-
tion systems between firefighting brigades and between those brigades and coor-
dination centres are fundamental to ensuring rapid and efficient intervention that 
minimizes not only the damage caused by fires but also the cost of extinguishing 
them. 

What is LifeTEC?
What is its purpose?

	 Reducing the detection time 
for forest fires by analysing signals re-
ceived from radar. This line of work is 
based on the great changes in tempe-
rature and humidity that are produced 
in the immediate vicinity of a fire and 
that affect the propagation of electro-
magnetic waves. The project therefo-
re develops algorithms that use the 
signals received from meteorological 
radars to provide estimates of tempe-
rature and humidity changes which can 
help detect and locate the fires. 

Improving the efficiency of fi-
re-fighting brigades. When extingui-
shing a fire, it is fundamental to have 
continuous coordination and geoloca-
tion of the firefighters involved, both to 
optimize the result of their actions and 
to guarantee their safety. Therefore, we 
are developing data communications 
equipment based on TETRA (Terres-
trial Trunked Radio) and geolocation 
equipment based on GPS integrated 
with TETRA.

The objective of LifeTEC is to contribute to the fight against forest fires by using com-
munications and radar technologies. This objective can be divided into two more specific 
lines of action:
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Who is participating?

LifeTEC is a 
project co-
funded by 
the European 
Commission 
within the LIFE 
programme.

LifeTEC is 
coordinated by
The University 
of Vigo.

Has participation from:
•	 the Portugues Sea and Atmosphere 

Institute (IPMA), 
•	 the General Directorate for 

Environmental Quality and 
Climate Change of the 
Xunta de Galicia regional 
government, 

•	 the Agency for Technological 
Modernization of the Xunta 
de Galicia(Amtega) 

•	 Galician Telecommuncations 
Networks (Retegal).

The project is being undertaken in the 
north west of the Iberian Peninsula 
(Galicia and the North of Portugal). It 
used the radars in Cuntis and Arou-
ca, operated by Meteogalicia and the 
IPMA, and the TETRA communications 
network operated by Retegal.

Where is the 
project being 
developed?
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Early detection
of forest fires

Early detection of forest fires is fundamental as it allows response time to be redu-
ced, which increases the probability of controlling the fire and limiting its effects. 
Rapid and efficient intervention means there is less risk to human lives, a reduction 
in the area of burnt woodland and a decrease in emissions of carbon dioxide and 
greenhouse gases. 

Several different methods have 
been developed with the aim, 
among others, of detecting fo-
rest fires in their initial stages. 
The detection solutions based 
on remote sensing by satellite 
are able to monitor large areas 
of land but have low resolution 
in terms of time, in addition to 
requiring major infrastructure 
costs. Existing solutions ba-
sed on land monitoring devices 

provide good resolution in both 
time and space but require the 
installation and maintenance 
of a large network of sensors 
in the areas being watched, 
which limits the size of the 
land area they can be deployed 
in. The different features of the 
various methods mean that it 
is often necessary to use them 
simultaneously. The solution 
for fire detection proposed in 

LifeTEC presents good reso-
lution in time and space and 
allows relatively extensive 
areas to be covered, comple-
menting, therefore, the already 
existing solutions.
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LifeTEC’s contribution

Given that the refraction index decrea-
ses significantly when the tempera-
ture rises and the humidity falls, the 
measurement of abrupt drops in the 
refraction index is an indicator of a fo-
rest fire starting.3
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Forest fires provoke an abrupt decrease 
in humidity and a large increase in tem-
peratures. This change in local atmos-
pheric conditions gives rise to a signi-
ficant rise in the refraction index of the 
atmosphere in the affected area. 
This index determines the speed of pro-
pagation of an electromagnetic wave 
through the atmosphere and can be 

measured using radars. The radars emit 
electromagnetic pulses that are reflec-
ted by elements in the environment. 
Some of the pulses are reflected back 
towards the radar, which acts as a recei-
ver. By analysing the pulses received, in-
formation can be obtained such as the 
distance of the object that reflected the 
pulse or the speed at which that object 
is moving. The technology developed 
by LifeTEC allows the refraction index 
of the atmosphere to be measured by 
analysing those pulses received by the 
radar.1

LifeTEC uses meteorological radars to measure the refraction index. These radars ope-
rate continuously, day and night, allowing measurements of variations to be carried out 
regularly and very frequently. Meteorological radars were considered because Europe is 
covered by networks of them, making it possible to monitor for new fires being produ-
ced throughout the whole of Europe by using existing infrastructure. 2
Weather radar

Received
signal stage

Estimated refraction 
index

Processing 
algorithm



If the refractivity reading drops below a set threshold during radar monitoring, an alarm is trigge-
red. The abrupt fall in refractivity compared to typical values corresponds to sudden increases 
in temperature when humidity conditions are 
practically zero and, therefore, can indicate 
that a forest fire has started. The alarm will 
allow the means for controlling and fighting 
forest fires to be activated. 

Results

Within the LifeTEC project, real-time monitoring of atmospheric refractivity was 
carried out by using measurements provided by the meteorological radars in Cun-
tis, in Galicia, operated by Meteogalicia, and in Arouca, in Portugal, operated by the 
IPMA.

The radars in Cuntis and Arouca operate in C-Band and have magnetron-based transmitters. 
The majority of meteorological radars currently operating in Europe work in C band and S band 
and are based on klystron or magnetron type transmitters. In order to easily implement the algori-
thm with any radar in Europe, different versions of it have been developed that mean it can be im-
plemented both in klystron radars and magnetron radars regardless of whether they are working 
in S band or C band. 

The following graphs show the refractivity measurements that have been obtained with the radars 
in Cuntis and Arouca. They also show, for reference, the refractivity measurements obtained from 
weather stations located in the area of the radar or from other forecasting methods. It can be 
seen that there is a high level of agreement between the measurements from the radar and the 
reference ones.
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Secure communication and 
geolocation for firefighters

When working to extinguish a fire, it is vital to 
maximize the efficiency of any action taken 
and guarantee the safety of the firefighters in-
volved. For that reason, they must have equi-
pment that allows them to communicate with 
each other and with control centres. In addi-
tion, it is important to know where the firefigh-
ters are.

Unfortunately, many forest fires are produced 
in remote areas with little or no coverage from 
any communications networks. At the same 
time, although there are many systems that 
allow the control room to know the position of 
a brigade, there are no systems that can deter-
mine the location of firefighters from the field 
of operations itself.
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LifeTEC’s contribution

At LifeTEC we have developed a system, based on TETRA and an An-
droid app, that makes it possible to access the locations of a whole 
firefighting team from anywhere.

This system is ready to work 
even when there is no com-
munications infrastructure or 
existing ones are not availa-
ble. It ensures communication 
and location of the firefighters 
in the field of operations, wi-
thout the need for anyone to 
carry any equipment except 
their radios.

The location and communica-
tions system developed has 
two operating modes. In TMO 
mode (truncated mode), the 
TETRA network is operating 
and the firefighters’ devices 
are connected to the control 
room. In DMO mode (direct 
mode), the TETRA network is 
not available but communica-
tion is maintained between the 
devices that are active in the 
field of operations. 

Furthermore, a tool has been 
developed to verify coverage 
of the TETRA RESGAL network 
in Galicia. This allows the base 
to know the coverage level at 
all times in a specific area and 
thus determine the operating 
mode for the handsets.
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Results

Several prototypes have been develo-
ped of the TETRA-based communica-
tions and location system. Other com-
munications systems are not needed 
(telephone networks, WiFi, etc.). Furthermore, we 
have taken advantage of DMO mode to carry out 
the first implementation of a TETRA-based geolo-
cation system that can fully function outside its 
network coverage.
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By enabling DMO operating mode in 
LifeTEC, we have managed to improve 
the time during which the location of 
firefighters is kept updated, avoiding 
problems of lack of coverage caused 
by the lie of the land in DMO mode.
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The firefighters of the brigade in the 
Deza and Tabeirós districts of Terra 
de Montes have tested the prototype 
of the geolocation system that has 
been developed.
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The network quality control tool allow to eva-
luate the  TETRA signal within a  specific area. 
It shows the coverage obtained from theoreti-
cal calculus or from the measurements repor-
ted by the operating equipments.

Finally, there has been collaboration 
with the Military Naval School to carry 
out experiments on the effects of fires 
on a radio link.



The fight against forest fires and their devastating effects is a complex problem 
that has to be tackled from different angles with the aid of many tools. The tools 
developed in LifeTEC, based on telecommunications and radar technologies, help 
to reduce the negative effects of forest fires—both from an environmental and a 
socio-economic point of view—through early detection and intervention from fire-
fighters. 

The tool developed to manage and locate human and material resources has been tested by 
the firefighters of the Consorcio Contra Incendios y Salvamento de las Comarcas de Deza y Ta-
beirós-Terra de Montes, demonstrating its full operating capacity in the field of operations. The 
most outstanding advantages of the tool are:
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The algori-
thm that has 
been develo-
ped to detect 
fires using ra-
dar data has 
been tested 

on magnetron-based radars working in C band: 
specifically, the radars in Cuntis and Arouca 
operated by Meteogalicia and the IPMA, res-
pectively. To make this easier to replicate in 
the maximum number of radars possible, the 
algorithm has been prepared to also work in 
S band with Klystron-based radars. At a time 
like this, when climate study and monitoring 

is fundamental in order to minimize the so-
cio-economic and environmental costs of cli-
mate change and extreme weather events, the 
algorithm developed—which provides tropos-
pheric refractivity measurements and their gra-
dients—can help to increase considerably the 
total amount of data for numerical forecasting 
models to assimilate. This algorithm will be of 
interest to the different meteorological agen-
cies that operate radar networks as it increases 
the returns from them with no need for additio-
nal hardware, which makes it much easier to 
replicate and implement in operation. 

Availability of
geolocation information in 

the field of operations

Easy to
replicate worldwide

Does not require base 
stations

Possible uses
for other emergency 

services

Economical solution



What next?
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To preserve and extend the results and knowledge obtained, the project partners 
will continue with the following actions:

01

Keep the algorithm for fire 
detection operative in the 

radars at Cuntis and Arouca 
during the seasons of high 

fire risk.  

04

Analyse the potential of the 
estimates for refractivity 

and its gradient in short-term 
forecasting and detection 

of extreme weather 
phenomena.

02

Seek collaboration with 
radar operators, particularly 
in areas of great ecological 

value and/or high fire 
risk, in order to extend 
implementation of the 

algorithm.

05

Keep the quality 
measurement tool operative 

in the Retegal network.

03

Analyse the viability of 
incorporating estimates of 

tropospheric refractivity 
and its gradient, generated 
by the developed algorithm, 

in numerical forecasting 
models.

03

Analizar la viabilidad de 
asimilar las estimas de la 

refractividad troposférica y 
su gradiente, generadas por 
el algoritmo desarrollado, en 
los modelos numéricos de 

predicción.

06

Continue with diffusion, 
publication and transfer of 

the results obtained.



Dissemination activities
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Website
lifetec.uvigo.es

Participation at events
1st LifeTEC Dissemination Event 2018

Uvigo  Technology Forum 2018

AtlanTTic Open Day 2019

2nd LifeTEC Dissemination Event 2021

Explanatory
leaflets

Articles in
specialized journals

Presentations at congresses

URSI AT-RASC 2018. Gran Canaria. España, 28 May – 1 June 2018
-

IEEE AP-S/URSI 2021. Marina Bay Sands. Singapore. 4-10 December 2021

Information
panels

Videos explaining
the project

https://www.youtube.com/
watch?v=1bhbE41qIV8

Diffusion in local and 
regional communications 

media.

http://lifetec.uvigo.es
https://www.youtube.com/watch?v=1bhbE41qIV8 
https://www.youtube.com/watch?v=1bhbE41qIV8 

