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This document addresses the work that has been performed in task “5.1. Development 
of an integrative system to support EWE decision-making” and in specific of subtask 5.1.3. 
“Demonstration of an integrative system for estimating EWE risk and impact in real time 
with HR weather data” (IA 5.1). This deliverable is the follow-up and final version of the 
deliverable D5.2 “IA 5.1 Brief: Integrative Umbrella System for EWE Decision-Making – 
Version 1” [34] where the implementation of the integrative software system (ISS) as well 
as of the first stage of integrations of the partners solutions (IAs and other WP5 
technologies) has been documented. In specific, this deliverable is the final iteration of 
the specification of the implementation of the ISS as well as of the integration of the 
foreseen services and software solutions. It documents the final integration work of the 
services and partners solutions that have been implemented until month M42. 

This final stage of implementation provides the set of services and software solutions that 
shall allow its use and demonstration in several Living Labs (LLs) of the project during the 
following months of the project. In this regard, this document covers the implementation 
of the software solutions and services that were implemented in subtask 5.1.3. from M13-
M42. Hence, the implementation work continued from M37-M42 to integrate the partners 
solutions that were pending to be implemented as well as to polish and finalise some of 
the ongoing integrations. These implementations and integrations are explained in 
Section 3 of this deliverable. 

The document starts recalling the technical user requirements that were specified in 
deliverable D5.1 for its implementation as well as the requirements that were identified 
by the partners to allow the implementation of their services and software solutions in 
other LLs or other operational contexts (Section 2). Section 3 describes the integration 
process of the services and solutions on the ISS, describing the data acquisition needs 
and process for the implementation of the solution and services, the specification of the 
implementation of the ISS, as well as the implementation of the partners software 
solutions, the integration work into the ISS as well as the documentation of the developed 
functionalities for each of the integrated solutions or services.   

Section 4 addresses the technology readiness level of the ISS, whereas Section 5 
concludes the document with the main conclusions. Finally, Section 6 includes the 
bibliographic references that were included throughout the deliverable. 

This document is an updated version of Deliverable D5.2. To facilitate the reader's 
understanding of the revisions, the main modifications and additions are summarized 
below: 

• Update of section 2.1 to include the requirements related to the MITIGA smoke 
simulator. 

• Update of the section 3 introduction and section 3.1 according to the final 
implementations. 

• Final specification of the implementation of the High-Resolution Weather data 
(section 3.6). 
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• Update of section 3.8 to include the documentation of the final implementation 
and integration of the VOCs application. 

• Update of section 3.9 with the documentation of the final implementation and 
integration of the External Information sharing module. 

• Update of the section 3.14 with the documentation of the final implementation 
and integration of the EWE Pyro Convection and Coupled Effects simulator. 

• Addition on section 3.15 with the specification of the implementation and 
integration of the MITIGA smoke dispersion module. 

• Update of the “Conclusions” section with the updated conclusions. 
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The development of the ISS as well as the integration of the solutions and services into 
the ISS has tried to follow the list of requirements that were specified in Section 5 of 
deliverable D5.1. Some deviations to the implementation plan have naturally occurred 
when comparing the developments to the final implementation due to the natural fact 
that what was planned before the beginning of the implementation may have varied 
according to what was finally implemented. 

Besides the gathering of the technical user requirements done in deliverable D5.1, also 
related to efficiency of the system and of the implemented solutions, processing times, 
data storages related capacity it was seen as relevant to identify and map as well other 
types of requirements considered as relevant. In specific, the requirements to allow each 
software solution or service integrated in the ISS to be applied to a different Living Lab or 
to a different operational context. In that regard, the corresponding partners made the 
exercise of gathering those requirements regarding necessary base data, base 
infrastructure, required software licences or the need of any third-party services. Table 1 
includes the list of requirements that were identified and gathered for each of the 
addressed technologies to allow their application to other areas. 

Table 1 Requirements for each addressed technologies to allow their implementation in 
other areas and operational contexts 

Integrative 
System 
Platform - ISS 

(TSYLVA) 

Livings Labs / 
Region 
geographical 
boundaries. 

Cloud services to host 
the web services (e.g. 
Microsoft Azure). 

Web storage capabilities 
(e.g. Azure Blob Storage).  

N/A None. 

ISS User 
Access and 
Role 
Management 
- UARM 

(TSYLVA) 

List of users. 

Definition of the 
user types (e.g. 
administrator, user, 
etc.). 

Roles specifications 
for the provided list 
of users (define the 
permissions). 

Cloud services to host 
the web services (e.g. 
Microsoft Azure). 

N/A 

Is part of the 
Integrative 
System Platform 
(ISS) and should 
be provided as 
part of it. 

EWE 
simulation 
and impact 
assessment 

Fuel models map of 
the addressed 
area(s). 

Physical or virtual server 
(e.g., Microsoft Azure) to 
run the fire simulations 
(processing capacity) 
and to store the fire 

Open-source population 
data such as WorldPop [3] 
(in the case population data 
cannot be provided by the 
LL). 

Needs to make 
use of the 
Integrative 
System Platform 
(ISS) to launch 
simulations and 

https://www.worldpop.org/
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(TSYLVA) Detailed Canopy 
Cover map of the 
addressed area. 

Digital Terrain 
Model of the area. 

Addressed area 
boundaries 
geometry. 

Population density 
data. 

Buildings data. 

High Resolution 
Weather Forecast 
data for 96h of 
forecast. 

simulation results 
(storage capacity). 

 

High-Resolution weather 
forecast data service such as 
Harmonie weather model 
(in the case it is not 
generated with Tecnosylva 
High-resolution weather 
forecast processes). 

visualize 
simulation 
results.  

High-
Resolution 
Weather 
forecast 

(TSYLVA) 

LL addressed area 
boundaries 
geometry. 

Physical or virtual HPC 
infrastructure/services 
to run the modelling of 
the HR weather. 

In case no physical HPC 
infrastructure is used cloud 
HPC services would be 
needed (e.g. Microsoft 
Azure, AWS, etc.). 

Needs to make 
use of the 
Integrative 
Software System 
(ISS) or other web 
visualization 
system to 
visualize the 
weather forecast 
layers. 

Fire risk 
Assessment 

(TSYLVA) 

Fuel models map of 
the addressed 
area(s). 

Detailed Canopy 
Cover map of the 
addressed area. 

Digital Terrain 
Model of the area. 

Addressed area 
boundaries. 

Population density 
data. 

Buildings data. 

High Resolution 
Weather Forecast 
data (WRF). 

Historical weather 
data. 

Physical or virtual HPC 
infrastructure/services 
to run the modelling of 
the HR weather (in case 
the weather data is 
prepared / provided by 
TSYLVA) 

 

Physical or virtual HPC 
infrastructure/services 
to run the daily fire 
behaviour and impact 
risk metrics. 

In case no physical HPC 
infrastructure is used, cloud 
HPC services would be 
needed (e.g. Azure, AWS, 
etc.). 

 

High-Resolution weather 
forecast data service that 
makes use of a High-
Resolution weather model 
such as Harmonie (in the 
case it would not be 
generated with Tecnosylva 
WRF weather data. 

Needs to make 
use of the 
Integrative 
Software System 
(ISS) or other web 
visualization 
platform to 
visualize the daily 
risk metrics 
layers. 

EWE Pyro 
Convection 
and Coupled 
Effects  

Coordinates of 
ignition (latitude, 
longitude). 

Date of ignition. 

HPC infrastructure 
(simulations are 
currently run on multiple 
Intel nodes utilising a 

All the utilised simulation 
codes are open source. None. 
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(CNRS) High resolution (10 
m) fuel map (for 
instance ESA 
WORLDCOVER).ES  

SRTM topographic 
data. 

Numerical Weather 
Prediction (NWP) 
forecast data in grib 
format (such as 
provided by ECMWF 
or AROME) with 6h 
or 3h frequency for 
model initialization 
(initial and 
boundary 
conditions). 

ECOCLIMAP data 
for SURFEX 
initialization (the 
surface physics 
parametrization 
implied by the 
MesoNH NWP code. 

total of 150 processors 
used for calculations. 

Smoke Plume 
Dispersion 
Model 

(MITIGA) 

Maps about Duff 
and coarse woody, 
and the 
characteristics of 
these variables. 

Meteorological data 
in high resolution of 
the place where the 
fire is burning. 

Physical or virtual HPC 
infrastructure / services 
to run the modelling of 
the smoke generation 
and smoke dispersion. 

Requires a Windows license. 
Familiarity with FARSITE 4.0 
(post-combustion module) 
and FlexPart is necessary. 

None. 

Occupational 
Exposure and 
Data Analysis 

(INESC TEC) 

No data is needed 
from the areas 
where it shall be 
used since the 
focus is on the 
firefighters 
themselves.  

Each firefighter needs to 
have a kit of wearables 
devices to be monitored 
with internet access to 
share data with the 
cloud. 

INESC TEC cloud system to 
receive and process the data 
and provide it to third 
parties/clients that want to 
visualize the data in real-
time or post-mission/event. 

None. 

External 
Information 
Sharing 

(CFRS) 

Operational 
basemap(s) (ArcGIS 
MapServer service). 

Fire location and 
wildfire phase data 
(Feature Server 
ArcGIS service). 

Links to external 
ArcGIS applications. 

ArcGIS Server to serve 
those layers/files and 
any geographical system 
that can read/access 
those. 

ArcGIS Server licence or 
compatible software that 
can read the shared files 

None. 

In Situ 
Sensors Data 

No prior data from 
the area is required. 

The necessary hardware 
set in the firefighter (an 
Airbeam with internet 
connection) or in the 

If no physical server is 
available, it will be required 
from one in the cloud. 
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(CSIC) fixed point (a Purpleair 
with internet 
connection). In addition 
to a server including 
MQTT broker and a 
Casandra database. 

VOCs maps 

(ISA) 

Sentinel-5P data at 
Level-1 RA_BD7 and 
Level-2 CH4, CO, 
NO2 from 
Copernicus 
program. 

Physical Infrastructure 
to make the DOAS 
factor calculations in 
order to obtain the 
VOCs concentration 
(already present at ISA). 

Open-source libraries in 
Python numpy, pylab, scipy, 
netCDF4.  

SCIATRAN Program 
http://www.iup.physik.uni-
bremen.de/sciatran  

Missing 
automatic 
transfer of data to 
Integrative 
System Platform 
(ISS) (Tecnosylva). 

Maps of fuel 
conditions, 
vegetation 
recovery 
and wildfire 
severity 
(ICGC) 

Sentinel-2 data at 
L2A level from 
Copernicus 
program. 

Addressed area 
boundaries. 

Land use land cover 
maps. 

Physical or virtual HPC 
infrastructure/services 
to run temporal series of 
vegetation spectral 
indexes behaviour. 

Physical or virtual HPC 
infrastructure/services 
to fusion earth 
observation data and 
Land Use-Land cover 
maps. 

Open-source libraries  scikit-
learn for machine learning 
and Pytorch for neuronal 
networks. 

None. 

Columnar 
Weather data 

(SPIRE) 

None, the weather 
model is run for the 
complete European 
domain and does 
not depend on 
input data provided 
by any Living Lab or 
area of interest.  

None, the model runs on 
SPIRE hardware. 

None, no software licences 
or service requirements are 
needed by the Living Labs to 
access the data. 

None. 

Fire Line 
Evolution 

(FWISE) 

Not defined. Not defined. Not defined. Not defined. 

 

http://www.iup.physik.uni-bremen.de/sciatran
http://www.iup.physik.uni-bremen.de/sciatran
https://scikit-learn.org/
https://scikit-learn.org/
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This section provides the documentation on the implementation of the Integrative 
Software System, the specification of the implementation of the WP5 partners software 
solutions as well as of their integration into the ISS until month M42. 

The following subsections describe for each of the solutions the implementation work 
and status, the integration into the ISS as well as a graphical description of the 
functionalities that were implemented in the ISS. 

In that regard, and referring to the documentation of the implementation, the details 
related to the implementation and integration of each solution is explained in their 
respective subsections (see subsections 3.2. to 3.15.). 

As a summary, and following the naming of the solutions used in the deliverable D5.1., 
those that have been developed and /or integrated and that are part of this deliverable 
are, the ISS platform (TSYLVA), the UARM (TSYLVA), integration of External data and 
services (TSYLVA), Fire risk assessment (TSYLVA), High-Resolution Weather data (TSYLVA), 
Maps of fuel conditions, vegetation recovery and wildfire severity (ICGC), Concentration 
of flammable volatiles compounds (ISA), External information sharing (CFRS), EWE 
simulation and impact assessment (TSYLVA), Columnar weather data (SPIRE), 
Occupational Exposure and Data Analysis (INESC TEC), In Situ Sensors Data (CSIC), Smoke 
dispersion simulator (MITIGA), EWE Pyro Convection and Coupled Effects simulator 
(CNRS). The following Table 2 provides an overview of the status and details of the 
implementation of each technology and their integration into the ISS. 

Table 2 Status of the implementation and integration of the technologies included in the ISS 

ISS TSYLVA 
All 
addressed 
LLs 

Complete 

Not 
applicable as 
the ISS is the 
integration 
platform 
itself. 

None. 

UARM TSYLVA N/A Complete Complete None. 

Fire risk 
assessment TSYLVA 

Portugal 
Grand 
Canary 
Catalonia 
Germany/ 
Netherlands 

Complete Complete None. 

High-
Resolution 
Weather data 

TSYLVA 

Portugal 
Grand 
Canary 
Catalonia 

Complete Complete 

Implementation 
update: 
Symbology has 
been implemented 
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Germany/ 
Netherlands 

in several layers of 
the weather 
variables layers to 
visually represent 
the layers on the 
ISS map.  

External data 
and services  TSYLVA All Europe N/A Complete None. 

Maps of fuel 
conditions, 
vegetation 
recovery and 
wildfire severity 

ICGC Catalonia Complete  Complete None. 

Concentration 
of flammable 
volatile 
compounds 
(VOCs) 

ISA Portugal Complete Complete 

Implementation 
update:  
The 
automatization of 
the periodic 
generation of the 
VOCs 
concentration was 
not finalized from 
ISA side. ISA does it 
manually. 
On the integration 
side, the 
representation of 
the data on the ISS 
map has been 
completed. 

External 
information 
sharing 

CFRS Catalonia Complete Complete 

Implementation 
update: 

On the integration 
side, the 
integration of the 
GIS service “Fire 
location and 
wildfire phase 
data” coming from 
CFRS Feature 
Server ArcGIS 
service has been 
completed. 

EWE simulation 
and impact 
assessment  

TSYLVA 

Portugal 
Grand 
Canary 
Catalonia 
Germany/ 
Netherlands 

Complete Complete None. 

Columnar 
weather data SPIRE All Europe Complete Complete None. 
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Occupational 
Exposure and 
Data Analysis  

INESC TEC Portugal Complete Partially 
complete 

Implementation 
update:  
Pending Agent 
health status 
variable has been 
integrated into the 
GUI. 

In Situ Sensors 
Data CSIC Galicia 

Catalonia Complete Complete None. 

EWE Pyro 
Convection and 
Coupled Effects 
simulator 

CNRS 

Portugal 
Catalonia 
Galicia 
Aquitaine 
Germany/ 
Netherlands 

Complete Complete None. 

Operational 
smoke plume 
dispersion 
modelling 

MITIGA 

Portugal 
Grand 
Canary 
Catalonia 
Germany/ 
Netherlands 

Complete Complete None. 

Fire line 
evolution FWISE Portugal Not developed Not 

integrated 

FWISE was not able 
to develop the 
model nor the 
software, 
therefore the 
application could 
not be integrated 
in the ISS.  

The solution that was not covered in the initial deliverable version and that is now 
included in the final version of the deliverable is the MITIGA’s smoke dispersion simulator. 
Initially, it was foreseen to make the simulator available only in the Galician and Catalonia 
LLs but finally it was implemented in four LLs: Catalonia, Germany-Netherlands, Grand 
Canary and Portugal. This decision is related to the fact that the MITIGA smoke dispersion 
simulator needs to take as input some of the FireSim simulator outputs and as FireSim 
has been implemented in those four LLs it made more sense from an implementation 
perspective to implement the MITIGA smoke dispersion simulator also in those LLs.  

Also, the CNRS EWE Pyro Convection and Coupled Effects simulator implementation was 
finalized by CNRS and successfully integrated into the ISS. 

Another solution that was initially foreseen to be documented in this final deliverable was 
the FWISE fire line evolution solution. Nevertheless, since FWISE was not able to develop 
the fire line evolution model nor the corresponding software, it was finally not possible 
to integrate it in the ISS until the end of task 5.1.3, i.e., by month M42.  

In addition, Section 3.1. describes briefly the data acquisition process followed for the 
several technologies, mentioning which technologies/services were most dependent on 
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obtaining data from the corresponding LLs as well as the main challenges found on the 
collection of the data. It also describes the external services that were selected and 
integrated into the ISS (based on the work performed in task T5.2).      

 

 
 

The data acquisition process for the implementation and the integration of the partners’ 
technologies has been addressed in the framework of task 5.2 “Acquisition and 
integration of data from internal and external sources”. In deliverable D5.1. it has been 
specified in which LLs the partners’ solutions would be implemented. It was also specified 
what data would need to be requested from the LLs to carry out the corresponding 
implementation. 

From the outcomes of the related discussions, it was found that it would be mainly the 
TSYLVA solutions that would require requesting and obtaining data from the LLs where 
the solutions were planned to be implemented. The MITIGA smoke dispersion simulator 
use of the same vegetation fuel models data that has been initially requested by TSYLVA 
for their FireSim simulator. The other partners' applications did not have that 
requirement, since either their solutions would gather the data by itself (e.g., firefighter 
exposure data gathered through sensors), or the partners found having already access 
to the needed data itself, or to the data sources to be able to implement their solutions. 
Hence, each partner gathered the needed data to perform the implementation of their 
solution.  

In that sense, once the data that was needed to be obtained had been specified, TSYLVA 
requested the data to the corresponding LLs. The following Table 3 shows a summary of 
the requested data to the four addressed LLs. 

Table 3 requested data to the addressed Living Labs 

High-Resolution 
Weather data 

Living Lab areas 
extension contour in 
coordinates or a KML, 
shapefile with the 
contour area(s). 

Area contour 
coordinates, or 
KML, or 
shapefile 

Portugal LL area 
(proposed area 
by TSYLVA, 
including the 2 
sub-LLs) 
Catalonia (entire 
region) 
 
Grand Canaria 
Island (entire 
island) 
 
Netherlands – 
Germany LL 

Related to 
IA5.1 and 
IA5.2 

Living Lab area(s) 
extension contour in 

Area contour 
coordinates, or 

Portugal LL area 
(proposed area 

Related to 
IA5.2 
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EWE simulation and 
impact assessment 

Daily fire risk 
assessment 

coordinates or a KML, 
shapefile with the 
contour area(s). 

KML, or 
shapefile 

by TSYLVA, 
including the 2 
sub-LLs 
 
Catalonia (whole 
region) 

 

Gran Canary 
 
Netherlands – 
Germany LL 

Vegetation fuel models 
map layer for the LL 
area extensions 
(preferably Rothermel 
Scott & Burgan fuel 
classification)  

Raster files (any 
format) with a 
spatial 
resolution from 
10m to 100m 

Canopy characteristic 
layers (if available):  

• canopy cover; 
• canopy base 

height; 
• canopy height; 
• canopy bulk 

density; 
Digital Elevation Model 
layer 

Raster files (any 
format) with a 
spatial 
resolution from 
10m to 100m 

Distribution (location) 
maps layer of LLs 
buildings (facilities, 
critical infrastructures, 
residential and non-
residential buildings) 

Raster files (any 
format) with a 
spatial 
resolution from 
10m to 100m 

Population distribution 
maps layer (number of 
people per building) 

Raster files (any 
format) with a 
spatial 
resolution from 
10m to 100m 

MITIGA smoke 
dispersion model 

Vegetation fuel models 
map layer for the LL 
area extensions 
(preferably Rothermel 
Scott & Burgan fuel 
classification)  

Raster files (any 
format) with a 
spatial 
resolution from 
10m to 100m 

Portugal LL area  
 
Catalonia (whole 
region) 
Grand Canary 
 
Netherlands – 
Germany LL 

Related to 
IA5.7 

The process of requesting and obtaining the aforementioned data by the LLs has been 
challenging for several reasons that are stated hereinafter. Nevertheless, although with 
some challenges, it has been possible to obtain the needed data from the LLs or to 
identify surrogate sources of data to be able to perform the implementation work. 

One of the challenges found when requesting the data was related to the time that took 
some of the LLs to check internally the existence and availability of such data, and to 
gather and share it with the corresponding partners. This task was quite time consuming 
and needed constant communication with the LLs leaders to check on the status of the 
process. Nevertheless, the LLs leaders were quite receptive and keen on working on 
obtaining the necessary data as soon as possible. 
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It was especially challenging to get access to the data from the Grand Canary LL due to 
the change of the LL leader/partner. However, it was still possible to get access to the 
needed data on time once the new partner assumed the LL leader role. In that sense, it 
was not necessary to find a surrogate area to allow continuing with the implementation 
work. Also, the fact that TSYLVA had worked in the past with Government of Grand Canary 
accelerated the process due to the fact that TSYLVA had most of the needed data already 
available and just needed permission to make use of it for the project. 

Furthermore, for the cases of the LLs where some of the data was not available, it has 
been possible to find an alternative source of information by making use of public data 
sources or data created by other partners in WP5. An example of the latter has been the 
absence of a vegetation fuel models map for the German LL areas (North Rhine 
Westphalia and Lower Saxony). This has been addressed by making use of the FIRE-RES 
fuel maps for these areas that were created and made available by UNIPD in WP5 in task 
5.10. 

Another example has been the lack of suitable geospatial population and building data 
in the Portuguese, Catalonia and Grand Canary LLs. For these cases, we used publicly 
available data sources, such as Worldpop for the population data and Microsoft buildings 
and OpenStreetMap’s open data sources for obtaining the necessary buildings data. 

Besides, regarding the canopy fuel data, in the Portuguese LL it was not possible to get 
that information, due to the lack of it. Nevertheless, even though it would be optimal to 
have it available, it did not hinder the developments since these are optional datasets 
that, in case of existence, would allow improving the simulation results (at least in case 
the fire is expected to be a canopy driven fire). 

Also, in the approach of task 5.2 a set of external services has been analysed and selected. 
Section 3.9 specifies those services and their integration into the ISS platform. 

 

 

The Integrative System or Integrative Software System (ISS), as specified in deliverable 
D5.1. is the integrative system that integrates and provides access to the functionalities 
of the partners’ integrated services and solutions with the aim of allowing their use and 
demonstration on the corresponding addressed LLs. 

Hence, the ISS works as a central hub, allowing the connection of the multiple 
technologies and the sharing of data in both directions (from the ISS to the integrated 
technologies or from these to the ISS). With this aim, it exposes interfaces mainly based 
on web technologies and open standards allowing the several modules to publish and 
fetch data according to the predefined workflows and interfaces. It offers a data 
repository for geo-referenced data (i.e., vector and raster). It also allows the technologies 
to push and pull information asynchronously and facilitates the connection of 
heterogeneous services.  

https://www.worldpop.org/
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Furthermore, it provides dedicated interfaces to connect to external service providers to 
fetch information from external sources.  

3.2.1. Infrastructure and implementation of the ISS 

In order to implement the Integrative Software System, the following components have 
been used and deployed: 

The ISS infrastructure is formed by several software components which are briefly 
described hereinafter. 

It includes an Azure Blob Storage service that is used as storage for TSYLVA applications 
as well as those from the partners' technologies. The stored data is data used for the 
integration of the applications and to store applications outputs.  

It also makes use of Azure Container Apps that includes several applications that have 
different purposes in the ISS. Each of these applications is explained hereinafter. 

Authentication system / ISS Portal 

It is used for the authentication of the users in the system and for the ISS main portal. 
For the home page and user authentication we have made use of a custom solution 
composed of a backend in Node.js and a frontend in Vue.js. 

The session information makes use of JWT and a system of roles and permissions. On the 
other hand, the authentication system allows the integration of third party SSO systems 
as well as second factor authentication. 

The portal part allows access to the different configured applications as well as user 
management. 
 
Both pieces of software are deployed using Azure Container Apps technology. 

GeoServer 

Instance of GeoServer used to share and represent spatial data that is consumed through 
the ISS and that uses OGC standards. Open source, based on Java, with support for 
multiple spatial data types. More information at [5].  

ISS frontend 

Instance of the ISS map application. Based on Vue 3 (typescript mode) and uses Vuetify 
as a UI component framework. 

ISS backend 

Instance of the main API. Based on dotNet framework and uses an ASP.net solution. The 
frontend application communicates with the backend through API Rest calls. 
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Mage 

Instance of mage used to schedule pipelines for process and integration of data into the 
ISS system. It is based on an open-source solution. More information at [6]. 

There are also some infrastructure components that have been implemented for the 
integration of some partners applications, namely the ICGC partner application “Maps of 
fuel conditions, vegetation recovery and wildfire severity” and the CSIC sensor data 
ingestion into the system. These components are briefly described below. 

Interface between the ICGC “Maps of fuel conditions, vegetation recovery and 
wildfire severity” application and the ISS API: 

Instance of the ICGC analysis process. Based on Python 3, fastAPI framework to build the 
API and common geospatial libraries to implement the given functionality by ICGC. 

Interface between the CSIC real-time sensor data and the ISS - MQTT websocket 
proxy: 

It applies an MQTT websocket proxy, i.e., an instance of a websocket service that proxies 
the requests from the ISS frontend client to the CSIC MQTT service to obtain real-time 
sensor data from their sensors. 

3.2.2. Description of the functionalities in the GUI 

The ISS is accessible through the https://iss.fire-res.com/ website domain as shown in the 
following Figure 1. 

 

Figure 1 ISS home page 

https://iss.fire-res.com/


 

17 
 

Registered users can access the system by clicking the sign in button, where it will prompt 
a new page where it requests the user entering their username / email and their 
password (see the Figure 2 below). 

 

Figure 2 FIRE-RES web sign in page 

Users that are not yet registered can also request a user account (through the UARM) by 
clicking “Request account” on the ISS main web page (see Figure 2 above) or by clicking 
“Creating an Account” on the login screen (see figure above). The user can also reset their 
password by clicking “Forgot password?”. 

To request a user account, the user will be prompted to complete a request account form 
(see Figure 3 below). This user account needs to be approved by a user with system 
administrator roles. 
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Figure 3 ISS Request Account screen 

When logging in, the user is taken to the FIRE-RES ISS applications page (see Figure 4 
below). 

 

Figure 4 FIRE-RES ISS applications page 

The “Administrative tools” subsection allows accessing the User Access and Role 
Management – UARM (see Section 3.3) by clicking the “User Manager” button. 

The “Application Manager” option allows a user with an administrator role to add and 
group the access to external applications or web pages. Currently, in this section we 
included the Pan-European Fuel Map web server, the CFRS operational viewer as well the 
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CNRS FireCaster VR web page. Other FIRE-RES project related web pages or web 
applications can be easily added at any point to this section by simply including the 
corresponding web page URL. 

The “Applications” section of the page, allows accessing the ISS main page where the user 
can access the functionalities from the implemented partners solutions. When choosing 
this option, the user is taken to the ISS main page (see Figure 5 below). 

 

Figure 5 ISS main page 

Here, the user can see the map with highlighted areas, which correspond to the LLs areas. 
The highlighted areas correspond to the Portuguese LL, the Galicia LL, the Catalonia LL, 
the Germany-Netherlands LL, the Grand Canary LL and the Aquitaine LL. 

When clicking on one of these areas the user gets access to the implemented solutions 
and results. Each area provides the user access to the functionalities of the solutions and 
services that have been implemented for the corresponding LL (for reference, see Table 
2 to check which solutions are or have been implemented in which LLs). 

The GUI of the application is divided into four main sections. The left panel shows and 
gives access to the implemented applications. The map allows users to visualise results 
and interact with the applications, whereas the “All Layer” section allows selecting layers 
and results to be visualised on the map. The right bottom menu shows the Legend of the 
displayed results. Finally, the right upper buttons bar allows the user to access the ISS 
System Settings where the user is able to select the date format, the system language (it 
is possible to choose from English, Portuguese and Spanish) and the application theme 
colour (i.e., white or dark). The bar also allows going to the main extent by selecting “Go 
to extent” and allows the user to perform measures on the ISS map with the “Measure” 
tool. 
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As specified in deliverable D5.1, and as has been briefly described in the section before, 
the User Access and Role Management (UARM) allows the users of the ISS to login and 
access the ISS homepage as well as to logout. It allows users to request their registration 
to the system and to reset their password if required. This module also provides the 
means to manage user accounts and manage the users’ roles and associated 
permissions. In addition, it allows to visualise the current users, to visualise the pending 
invites as well as to see the usage related metrics of the users, regarding the 
activity/inactivity of the users.  

3.3.1. Implementation  

The UARM implemented is a custom solution developed by Tecnosylva. 

This project uses a single technology stack to power both the client-side (frontend) and 
server-side (backend) components of the application. In this case, the frontend is built 
using Vue.js, while the backend is written in Node.js. 

The use of a unified stack means that the project relies on a single set of tools and 
frameworks for both client- and server-side logic. This can simplify development, 
deployment, and maintenance, as well as reduce the complexity of integrating different 
technologies. 

From a technical perspective, this approach involves using a framework called Express.js 
(for Node.js) to handle HTTP requests and responses and implementing a RESTful API, 
while also using Vue for client-side rendering and state management. 

This project uses JSON Web Tokens (JWTs) as a secure way to authenticate users and 
authorise access to protected resources. The JWT approach involves generating two types 
of tokens: 

Access token: A short-lived token that grants temporary access to specific resources or 
features. 

Refresh token: A longer-lived token that can be used to obtain a new access token when 
the original one expires. 

The access token is sent with each request to verify the user's identity and ensure they 
have permission to access the requested resource. The refresh token, on the other hand, 
is stored securely on the client-side (e.g., in local storage or cookies) and can be used to 
obtain a new access token when the original one expires. 

From a security perspective, this approach provides several key benefits: 

Token validation: JWTs are digitally signed and contain information about the user's 
identity, permissions, and other relevant details. This allows for robust token validation 
and revocation mechanisms. 
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Token expiration: Access tokens have a limited lifespan, which helps prevent 
unauthorised access in case of token theft or compromise. 

Refresh token management: Refresh tokens can be used to obtain new access tokens 
when the original one expires, reducing the need for users to re-authenticate. 
 
This project is deployed using Microsoft Azure's Container Apps service, which allows to 
run containerized applications in a scalable and secure manner. 

The frontend side of the UARM includes different sections to invite users, review account 
requests and manage permissions and roles. 

And lastly, the backend uses a database to work with all related data for users, groups, 
roles, permissions, invitations and management in general. 

Related to the management of the registration of users to the ISS, the users with an 
administrator role can invite users to register to the platform and create authentication 
credentials. Also, the landing page allows to request access to the ISS. In that case, the 
users with administrator role can accept the requests of the users for them to register in 
the system. 

3.3.2. Description of the functionalities in the GUI 

The UARM can be accessed by clicking the “Sign in” button on the home page of the ISS 
(see Figure 1). Once clicked it takes the user to the sign in screen (see Figure 2). It also 
allows the user to request a user account (see Figure 3). 

Once logged in, a user with Administrator roles can access the UARM functionalities and 
settings by clicking the “User Manager” button (see Figure 4). When clicking, it takes the 
user to the “User Access Manager” page where the user “Status Summary” is displayed 
(see the Figure 6 below). 

 

Figure 6 User access manager from the ISS UARM 
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In this page the user administrator can check the data related to the user activity as well 
as to the sent user invites and received user requests. 

The left panel allows accessing the several options related to the access of the users. 

The “Users” option allows visualising the registered users in the system as well their 
activity (see Figure 7 below). 

 

Figure 7 Visualization of the "Users" option of the UARM 

The “Roles & Permissions” section allows to visualise the created user roles, edit existing 
roles, delete roles as well as to edit the permissions in the ISS for each role. It also 
provides the option to create a new user role if required (see Figure 8 below).  

 

Figure 8 Visualization of the "Roles & permissions" of the UARM 

The pending Invitations section allows users to visualise the invited users to create an 
account in the ISS. It allows filtering invites and to resend invites if desired (see Figure 9 
below). 
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Figure 9 Visualization of the "Pending invitations" section of the UARM 

The “Account Requests” section allows checking the pending, completed, expired and 
denied account requests (see Figure 10 below).  

 

Figure 10 Visualization of the "Account requests" section of the UARM 

Finally, UARM “Settings” gives the administrator users the possibility to set the User 
Password settings and the required password complexity as well as to configure the 
settings of the invite e-mails, the accounts registration, requests and approval settings 
(see Figure 11 below). In addition, it also allows managing the settings related to the 
archiving of roles and the default user role category for users that request a user account 
(set to “Public User” as default). 

 

Figure 11 Visualization of the "Settings" section of the UARM 
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In the framework of Task 5.2 and related to the accomplishment of project milestone 
MS5.2. “Development of modules for integration of EWE data in the integrative system 
and public hubs” as well as based on what has been specified in deliverable D5.1 
regarding the integration of “Other External Services” (see section 6.3.11.6. from the 
deliverable D5.1.), TSYLVA made an analysis of, on the one hand, what external services 
would be needed by the solutions to be integrated in the ISS (if any) and, on the other 
hand, what external services would provide added value to the end users of the ISS in the 
management and forecast of wildfires conditions in general and of EWE conditions in 
specific. Regarding the first, through several discussions with the partners, it was 
concluded that the partners solutions would not require the ISS to provide access and 
gather data to their modules through any external services. It was found that any access 
to external services would be acquired directly from each partner module through their 
own infrastructure. Concerning the second, TSYLVA did an analysis of the external 
services that could potentially be added that would provide ISS users further information 
and support related to EWE conditions forecast and wildfire management in general. This 
analysis also took into account the outcomes from WP1 related to weather variables 
specified as relevant for EWE prediction and better understanding of EWE conditions in 
general. In that regard, a set of services were selected and integrated into the ISS. These 
are listed and described in the Table 4 below. 

Table 4 External data services to provide information and support related to wildfire 
management and EWE conditions forecast 

EUMETSAT 
services 

Cloud Top 
Height (m) 

The Cloud Top Height product is a service from EUMETSAT 
integrated into the ISS that shows the height of the highest cloud in 
metres. Based on a subset of the information derived during Scenes 
and Cloud Analysis, but also makes use of other external 
meteorological data. This layer supports end users in analysing and 
forecasting potential pyrocumulonimbus clouds created by 
wildfires [7]. 

The implemented service provides hourly information of the 
observed Cloud Top Height (m) from the last 4 days which is 
displayed in the ISS map (see Section 3.4.2.). 

Convective 
precipitation 
(mm/hr) 

The LEO MW Convective Precipitation product from EUMETSAT [8] 
is a service that provides Instantaneous precipitation maps 
generated by IR images from operational geostationary satellites 
'calibrated' by precipitation measurements from MW images in sun-
synchronous orbits, processed soon after each acquisition of a new 
image from GEO ('Rapid Update'). The calibrating lookup tables are 
updated after each new pass of a MW-equipped satellite.  

The implemented service provides hourly convective precipitation 
data from the last 4 days which is displayed in the ISS map (see 
Section 3.4.2.). 
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This product provides the forecasters information about the 
observed rainfall (convective) from the last days and an estimation 
on what to expect for the following days on the potential severity of 
wildfires based on this information. Hence, this product provides 
complementary information to other NWC SAF products related to 
rain and convection monitoring, as is the case of the precipitation 
rate at ground. 

Precipitation 
rate at ground 

Precipitation rate at ground by GEO/IR supported by LEO/MW [9]. 
Instantaneous precipitation maps generated by IR images from 
operational geostationary satellites "calibrated" by precipitation 
measurements from MW images in sun-synchronous orbits, 
processed soon after each acquisition of a new image from GEO 
("Rapid Update") and presented in the natural projection of the 
image from GEO properly arranged so as to implement animation.  

The implemented service provides hourly convective precipitation 
data from the last 4 days which is displayed in the ISS map (see 
Section 3.4.2.).  

The precipitation rate at ground provides the forecasters 
information about the observed rainfall from the last days and an 
estimation on what to expect for the following days on the potential 
severity of wildfires based on this information. 

Copernicus 
EFFIS services 

Drought code 
(DC) 

The EFFIS Drought Code service has been integrated as a layer into 
the ISS from the EFFIS available web services. The layer is obtained 
from the ECMWF with a spatial resolution of 8 km [10].  

The Drought Code product [11] estimates the moisture content of 
large fuels with a diameter between 12.7 and 17.8 cm and organic 
matter in a soil layer of about 18 cm depth and a dry matter weight 
of about 25 kg/m2 or 250 t/ha. Its value depends on the air 
temperature, the precipitation recorded in the last 24 hours, the 
value of the previous day’s subscript (DC0) and the length of the day. 
The precipitation needed to change it is 2.8 mm. 

It is a good indicator of the seasonal effects of drought on large 
fuels. In this regard it helps fire analysts to foresee what to expect 
regarding wildfires and the potential occurrence of EWE in the 
current or upcoming fire season. 

KBDI – Keetch- 
Byram Drought 
index 

The KBDI service has been integrated from the EFFIS available 
webservices. The layer is integrated from the ECMWF with a spatial 
resolution of 8 km [10].  

The Drought Factor is partly based on the soil moisture deficit which 
is commonly calculated in Australia as the Keetch-Byram Drought 
Index (KBDI).  The KBDI estimates the soil moisture below saturation 
up to a maximum field capacity of 203.2 mm (i.e. 8 inches) and a 
minimum of 0 mm. 

As in the case of the Drought Code, the KBDI is also a good indicator 
of the seasonal effects of drought on large fuels. In this regard it 
helps fire analysts to foresee what to expect regarding wildfires and 
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the potential occurrence of EWE in the current or upcoming fire 
season. 

VIIRS active 
fires (1day, 7 
days and 30 
days) 

The VIIRS (Visible Infrared Imaging Radiometer Suite) active fire 
service has been integrated from the EFFIS available webservices 
[10]. 

The VIIRS active fires services provides the mapping of detected 
active fires for the last 1 day, last 7 days and last 30 days. It provides 
an improved spatial resolution offered by MODIS (375m vs 1km). 
Additionally, VIIRS is able to detect smaller fires than MODIS and can 
help delineate perimeters of ongoing large fires. 

Burnt Areas 
(1day, 7 days 
and 30 days) 

The VIIRS burnt areas service has been integrated from the EFFIS 
available webservices. [10] 

 

3.4.1. Implementation 

The ISS has made use of WMS services to integrate the several external services by 
making use of layers that can be activated and deactivated by the user in the GUI. With 
this purpose, the ISS fetches those services from the corresponding URLs.  

The URLs used for each of the implemented Copernicus EFFIS layers are included in the 
Table 5 below. 

Table 5 URLS of the integrated Copernicus EFFIS services 

Copernicus 
EFFIS Services 

Fire Danger 
Forecast (1 Day 
Forecast) ECMW 

(8 km Res.) 

Drought Code (DC) 
https://ies-
ows.jrc.ec.europa.eu/gwis?SERVICE
=wms  KBDI - Keetch-Byram Drought 

Index 

VIIRS Active fires Active Fires (1 day) 

Active Fires (7 days) 

Active Fires (30 days) 

https://maps.effis.emergency.cope
rnicus.eu/effis?SERVICE=wms  

Burnt areas Burnt areas (1 day) 

Burnt areas (7 days) 

Burnt areas (30 days) 

https://maps.effis.emergency.cope
rnicus.eu/effis?SERVICE=wms   

 

https://ies-ows.jrc.ec.europa.eu/gwis?SERVICE=wms
https://ies-ows.jrc.ec.europa.eu/gwis?SERVICE=wms
https://ies-ows.jrc.ec.europa.eu/gwis?SERVICE=wms
https://maps.effis.emergency.copernicus.eu/effis?SERVICE=wms
https://maps.effis.emergency.copernicus.eu/effis?SERVICE=wms
https://maps.effis.emergency.copernicus.eu/effis?SERVICE=wms
https://maps.effis.emergency.copernicus.eu/effis?SERVICE=wms
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The URLs used for each of the implemented EUMETSAT layers are included in the Table 6 
below. 

Table 6 URLS of the integrated EUMETSAT services 

EUMETSAT Convective 
Precipitation 

https://ies-ows.jrc.ec.europa.eu/gwis?SERVICE=wms 

Cloud Top 
Height 

https://maps.effis.emergency.copernicus.eu/effis?SERVICE=wms  

Precipitation 
rate at 
ground by 
GEO/IR 

https://maps.effis.emergency.copernicus.eu/effis?SERVICE=wms  

 

3.4.2. Description of the functionalities in the GUI 

The integrated layers from EUMETSAT and Copernicus EFFIS can be accessed through the 
layers table of contents (ToC) “All Layers” located on the upper right side of the ISS. 

3.4.2.1. EUMETSAT weather layers 

Convective precipitation 

The convective precipitation layer, when activated, shows on the map hourly convective 
precipitation data of the last 7 days worldwide. By clicking on the “play” button of the time 
table located at the bottom of the screen the user is able to visualise in a dynamic way 
the convective precipitation in millimetres per hour (mm/h) weather data per hour. The 
Figure 12 below shows an example of the visualisation of the convective precipitation in 
a European area.   

https://ies-ows.jrc.ec.europa.eu/gwis?SERVICE=wms
https://maps.effis.emergency.copernicus.eu/effis?SERVICE=wms
https://maps.effis.emergency.copernicus.eu/effis?SERVICE=wms
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Figure 12 Example of the visualisation in the ISS of the convective precipitation 

Cloud Top Height 

The Cloud top Height layer, when activated, shows on the map hourly and worldwide 
cloud top height data of the last 7 days. By clicking on the “play” button of the time table 
located at the bottom of the screen the user is able to visualise in a dynamic way the 
Cloud Top Height in metres. The Figure 13 below shows an example of the visualisation 
of the convective precipitation in a European area.  

 

 

Figure 13 Example of the visualisation in the ISS of the Cloud Top Height 

Precipitation rate at the ground 

The layer of the precipitation rate at the ground, when activated, shows on the map 
hourly and worldwide precipitation rate at the ground data of the last 7 days. By clicking 
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on the “play” button of the time table located at the bottom of the screen the user is able 
to visualise in a dynamic way the precipitation rate at the ground in metres per hour. The 
Figure 14 below shows an example of the visualisation of the convective precipitation in 
a European area.  

 

 

Figure 14 Example of the visualisation in the ISS of the Precipitation rate at the ground 

3.4.2.2. Copernicus EFFIS layers 

Drought Code (DC) 

The Drought Code layer, when activated, shows on the map the current Drought Code 
classification from the Copernicus Drought Code service. This service is updated with the 
latest Drought Code values from the mentioned service. The Figure 15 below shows an 
example of the Drought Code categories in a European area for a given day. 
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Figure 15 Example of the visualisation in the ISS of the Drought Code 

 

KBDI – Keetch- Byram Drought index 

In a similar way to the Drought Code layer, when the KBDI index layer is activated, the 
layer is shown on the map with the corresponding categories. The Figure 16 below shows 
an example of the KBDI layer displayed over a certain area of Europe for a given day with 
the corresponding Drought categories. 

 

Figure 16 Example of the visualisation in the ISS of the KBDI index 
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3.4.2.3. Copernicus EFFIS VIIRS active fires 

VIIRS active fires (1day, 7 days and 30 days) 

The VIIRS active fires for the last 1, 7, or 30 days can be selected correspondingly through 
the “All layers” table of contents. Figure 17 shows the active fires from Copernicus VIIRS 
service for the last 24h with the corresponding legend. 

 

Figure 17 Example of the visualisation in the ISS of the fires detected by VIIRS that have been 
active for the last 24h 

3.4.2.4. Copernicus EFFIS VIIRS Burned areas 

Burnt Areas (1day, 7 days and 30 days) 

In a similar way to the VIIRS active fires layer, the user is able to activate the Burnt areas 
layers corresponding to the last 24h, last 7days or last 30 days. The Figure 18 below shows 
in the ISS map an example of the burnt areas of the last 7 days.  
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Figure 18 Example of the visualisation in the ISS of the burnt areas from VIIRS that have 
occurred during the last 7 days 

 

The fire risk assessment solution is a module developed and integrated by TSYLVA in the 
ISS. This solution has been developed in the framework of task 5.3.1. and the IA 5.2. and 
documented in deliverable D5.5 [2]. 

As has been specified in the deliverable D5.1. and deliverable D5.5., this solution provides 
a daily risk assessment forecast for each 3 hours, for a total of 96h of risk forecast for the 
four LLs, namely Grand Canary, Portugal, Germany-Netherlands, and Catalonia. It 
provides as output a set of layers corresponding to the calculated wildfire risk assessment 
metrics as well as territory fuel moisture metrics. These outputs are provided in the H3 
geospatial format [12] and can be displayed for each addressed LL in the ISS map. These 
layers can be activated and deactivated through the ISS layers table of contents in the 
“TSYL RISK” section of the ToC. 

With this aim and for calculating each of the provided risk estimation and fuel moisture 
condition metrics, the module makes use of the High-Resolution weather data that is 
created daily by TSYLVA for four LLs, the fuel maps, population, buildings, the DEM of the 
corresponding LLs, among other data. The process runs during the night with the latest 
high-resolution weather forecast available and provides several wildfire risk and fuel 
moisture conditions related metrics. The type of risk and fuel moisture metrics that are 
created are specified in the D5.5 deliverable and are briefly mentioned hereinafter as a 
reference in the following two tables below, Table 7 and Table 8. 
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Table 7 Risk metrics that are created as daily forecast for each 3h in a 96h time span 

Fire Size Potential 
Estimated potential size of the fire in hectares in case a fire would 
initiate in the corresponding pixel. 

Impacted Population Estimated threatened population in case of a fire.  

Threatened Buildings Estimated threatened buildings in case of a fire.  

Fire Behaviour Index Estimated Fire Behaviour Index in a scale from 1 to 5. 

Rate of Spread Estimated rate of spread in metres per minute. 

Flame length Estimated flame length in metres. 

IAA Initial Attack Assessment from 1 to 5. 

EAA Extended Attack Assessment. 

 

Table 8 Fuel moisture metrics that are created as daily forecast for each 3h in a 96h time 
span 

Moisture (1h) Estimated % of fuel moisture content for 1h dead fuels.   

Moisture (10h) Estimated % of fuel moisture content for 10h dead fuels.   

Moisture (100h) Estimated % of fuel moisture content for 100h dead fuels. 

Herbaceous LFMC Estimated Life Fuel Moisture Content in percentage of herbaceous fuels. 

Woody LFMC Estimated Life Fuel Moisture Content in percentage of woody fuels. 

Additional information about each of the created risk and fuel moisture variables can be 
obtained in deliverable D5.5. 

3.5.1. Implementation  

The specification of the creation of the daily risk and fuel moisture metrics outputs and 
related processes are documented in deliverable D5.5.  

The risk data is made available to the ISS through the Azure Blob storage where the risk 
data is stored. The risk processes are calculated daily during the night and are made 
available to the ISS at around 9 am CET. Every time there is a new risk calculation the ISS 
is able to call and fetch the latest risk metrics to show them in the ISS GUI. The integration 
is further explained in the next subsection. 

3.5.2. Integration into the ISS 

In order to integrate the risk services into the ISS, four key components are involved: 
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Database 

There is a database which contains all the information related to the risk calculations 
made on a daily basis. Also, there are several custom functions in order to manipulate 
and create structured data that is consumed for the frontend through a simple RESTful 
API. 

Marvin API 

A dockerized FastAPI container which serves the metadata from the database through an 
endpoint. 

RESTFul 

The frontend application retrieves the metadata about Risk Layers using Marvin API. 
Response has structured data prepared to be consumed by our internal mapping tool 
Karonte. 

Karonte 

Karonte is a series of packages for managing maps on the web with Vue and Vuetify, 
through the ArcGIS map library. We’ve created our own custom mapping solution that 
uses our common frontend libraries and presents a wrapper of ArcGIS JS framework. 

Risk Layers are consumed and displayed in a specific format called H3, which represents 
the world coverage using “hexels” which are hexagon shaped forms. Risk calculations are 
based on this kind of representation and therefore Karonte is prepared to represent it as 
well. 

Furthermore, risk layers are calculated as a forecast data so Karonte provides a timeline 
as well to move through all the available data that comes in the metadata provided from 
the API and database. 

3.5.3. Description of the functionalities in the GUI 

The wildfire risk and fuel moisture metrics can be visualised in the ISS map by, i) selecting 
the corresponding LL in the map, ii) expanding the “All layers” menu on the right side of 
the ISS screen, iii) expanding the “TSYL Risk” section and the corresponding “Territory 
Risk” and “Fuel moisture” submenus. Here the user will be able to select the variables of 
the corresponding metrics categories, i.e., “Territory risk” or “Fuel moisture”. 

Each of the metric sublayers have a time component, showing risk or fuel moisture data 
for each 3 hours of the 96h forecast. To visualise the data for each hour the user can 
activate the timeline at the bottom of the screen which will show an animation of the risk 
data for each 3h hours during a 96h period. 

The following Figure 19 shows an example of the wildfire estimated Rate of Spread 
(m/min) as territory risk layer (h3) visualised in the ISS map for the Portuguese LL. 
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Figure 19 Example of the Rate of Spread (m/min) as territory risk layer (h3) visualised in the 
ISS map for the Portuguese LL 

The next Figure 20 shows an example of the Fire size potential (ha) as territory risk layer 
(h3) visualised in the ISS map for the Gran Canary LL. 

 

 
Figure 20 Example of the Fire size potential (ha) as territory risk layer (h3) visualised in the 

ISS map for the Grand Canary LL 

The next Figure 21 shows an example of the Initial Attack Assessment index (IAA) as 
territory risk layer (h3) visualised in the ISS map for the Catalonia LL. 
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Figure 21 Example of the Initial Attack Assessment index (IAA) as territory risk layer (h3) 

visualised in the ISS map for the Catalonia LL 

The next figure shows an example of the Fire Behaviour Index (FBI) as territory risk layer 
(h3) visualised in the ISS map for the Germany-Netherlands LL. 

 
Figure 22 example of the Fire Behaviour Index (FBI) as territory risk layer (h3) visualised in the 

ISS map for the Germany-Netherlands LL 

The following Figure 23 shows an example of the Extended Attack Assessment (EAA) as a 
territory risk layer (h3) visualised in the ISS map for the Catalonia LL. 
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Figure 23 example of the Extended Attack Assessment (EAA) as territory risk layer (h3) visualised 
in the ISS map for the Catalonia LL 

The following Figure 24 shows an example of the dead fuel moisture (%) as fuel moisture 
metric (h3) visualised in the ISS map for the Catalonia LL. 

 
Figure 24 Example of the 1h Dead Fuel Moisture (%) as fuel moisture metric (h3) visualised in 
the ISS map for the Catalonia LL 

 

 

The High-Resolution Weather data solution is a module developed and integrated by 
TSYLVA in the ISS. This solution has been developed in the framework of task 5.3.1. and 
Innovation Action “IA 5.2.”. The implementation of the module has been documented in 
deliverable D5.5. 
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3.6.1. Implementation  

This module creates on a daily basis, in the dedicated High-performance computer (HPC), 
installed and working at TSYLVA premises (called PANGEA) a 96h weather forecast based 
on the downscaling of the Global Forecast System (GFS) and Weather Research and 
Forecasting (WRF), resulting in high-resolution grids of weather outputs of 1-2 km spatial 
resolution, depending on the addressed LL. In that regard, the weather forecast creates 
a forecast output for 45 variables. Additional post-processing is done for several weather 
variables with significance to fire weather and convective forecasting. Some of the 
variables are used as input data to TSYLVA’s wildfire simulator and as input to the daily 
risk forecast solution developed by TSYLVA. Furthermore, some weather variables 
outputs are made available to the ISS through layers to be represented through the GUI.  

For the implementation of those layers, TSYLVA used a Map Server instance (Geoserver) 
where it hosts all these layers and serves them to be consumed in every time frame. They 
are WMS layers with time dimension enabled and it is the frontend library (ArcGIS Maps 
for JS) that renders them out in the user’s browsers on demand. Legends and styling were 
developed and defined by TSYLVA cross-functional teams. There are as well backend 
processes republishing these datasets every single day once they’re processed by 
TSYLVA’s HPC. 

3.6.2. Integration into the ISS 

In this regard, once the daily weather forecast has been calculated and the new weather 
data becomes available, the ISS GUI fetches that data to display the latest weather 
forecast available for the corresponding LL. The set of variables that were selected to be 
displayed are documented in deliverable “D5.5.”. These have been selected with the aim 
to provide support to the weather analysts and fire analysts in better forecasting the 
expected fire behaviour in case of a wildfire occurrence, being in line with the weather 
variables that were identified in WP1 as variables that allow a better understanding of 
EWE conditions. At the same time, this selection of variables aimed to complement the 
set of SPIRE’s vertical weather variables (among others) that are also shown in the GUI. 
As a reference, the set of selected variables from the WRF that are represented in the ISS 
are listed in the following Table 9 below. 

Table 9 Set of selected variables from the WRF weather forecast that are created daily and 
are available to be displayed in the ISS 

PBL Height 

Planetary Boundary Layer. It is the lowest layer of the troposphere where wind is 
influenced by friction. The thickness of the PBL is not constant. At night and during 
the cool season, the PBL tends to be thinner, while during the day and in the warm 
season, it tends to be thicker. 

Total QPF 

Quantitative Precipitation Forecasts. It depicts the total amount of liquid 
precipitation expected to fall in a defined period of time. In the case of snow or ice, 
QPF represents the amount of liquid that will be measured when the precipitation is 
melted. 
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2m AGL Relative 
Humidity (%) 

A derived variable for atmospheric moisture that is commonly used in wildland fire 
due to its intuitive interpretation of atmospheric moisture. It measures the 
percentage of moisture the atmosphere holds compared to the maximum moisture 
possible.  

2m AGL 
Temperature (ºC) Temperature at 2 metres above ground level. 

2m AGL VPD 
(hPa) Vapour pressure deficit at 2 metres above ground level. 

10m AGL Wind 
Speed Wind speed at 10 metres above ground level. 

Solar Radiation 
(W/m2) 

Total Solar Irradiance. The amount of solar radiation received at the top of the Earth's 
atmosphere. 

Convective 
Temperature (ºC) 

Convective temperature / triggering temperature. The approximate temperature 
that the air near the ground must warm to for surface-based convection to develop, 
based on analysis of a sounding. 

CCL Height (m) 
Cloud Cover Layer height (CCL Height). It provides vertical cloud layer information. 
Cloud Layers are calculated and usually displayed as Low (below 10 kft), Mid (10-24 
kft), High (above 24 kft), or a combination of these. 

Equilibrium 
Level (m) 

Surface-based Equilibrium level. The height above the level of free convection (LFC) 
at which the temperature of a rising air parcel again equals the temperature of the 
environment.  It can estimate the minimum cloud top temperature (maximum 
vertical development of a convective column). 

LCL Height (m) 
Surface-based Lifted condensation level. It is the level at which a parcel becomes 
saturated if lifted adiabatically from the surface. It can be used as a reasonable 
estimate of cloud base height when parcels experience forced ascent. 

LFC Height (m) 
Surface-based Level of free convection. The level at which a surface parcel of air lifted 
dry-adiabatically until saturated and saturation-adiabatically thereafter would first 
become warmer than its surroundings in a conditionally unstable atmosphere. 

RAINNC (ml) Forecast of the amount of precipitation in millimetres.  

CAPE: Surface-
based (J/kg) 

Convective Available Potential Energy (CAPE). As cited in the ERA5 dataset 
description, CAPE “is an indication of the instability (or stability) of the atmosphere 
and can be used to assess the potential for the development of convection”. 

PFT (GW) 

Pyrocumulonimbus Firepower Threshold (PFT) is an index that was developed in 
Australia to identify deep pyro convective events (Tory and Kepert, 2021). PFT 
attempts to objectively calculate the height of the condensation level for a given 
plume and environment, and it ultimately predicts the energy release, in Gigawatts 
(GW), that the fire must produce in order to generate Pyrocumulonimbus (PyroCb). 
In that sense, lower PFT correlates with a more unstable atmosphere and an 
increased likelihood of PyroCb formation. 

Convective Flag 

This flag is used to identify atmospheric conditions that are conducive to the 
development of strong vertical air movement, leading to the formation of convective 
clouds and potentially severe weather. It's essentially a signal that the atmosphere is 
unstable and likely to support deep convection.  

DCAPE (J/kg) 

Downdraft Convective Available Potential Energy. It's used to estimate the strength 
of rain-cooled downdrafts within thunderstorms. Essentially, it measures the 
amount of negative buoyancy available to an air parcel as it descends, indicating the 
potential for strong downdrafts and gusty winds.  
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CIN: Surface-
based (J/kg) 

Convective Inhibition. It is a measure of the amount of energy needed to be 
overcome for storm initiation. CIN reflects the strength of the capping inversion. 

The HR weather variables data that are listed in the table above, have been all 
implemented in the ISS and can be visualised in the GUI by activating the corresponding 
layers. Also, the symbology of each of the layers has been specified and implemented to 
be able to visualise the weather variables values in colour ranges (i.e., each colour 
corresponding to a certain range of values). In that sense, the legend of each variable has 
also been defined and implemented.  

As a side note, these layers could potentially be consumed by any other GIS application 
(as they are an open standard format, WMS), which allows other users to visualize them 
in the colour-schema they want or even with different class breaks if desired. The only 
requirement would be to accomplish the OGC SLD definition to perform that style 
overriding. 

Furthermore, a time scale (similar to the one implemented for the SPIRE weather data) 
has been implemented to allow the user to visualise the weather data corresponding to 
each hour, i.e., for all forecasted hours. 

3.6.3. Description of the functionalities in the GUI 

This subsection includes a visual description of the current representation of the WRF 
high resolution weather variables in the ISS GUI, taking as an example the visualisation of 
the variables in the Portuguese LL.  

The layers can be visualised in the ISS map by expanding the “All layers” menu on the 
right side of the ISS screen and by expanding the “Technosylva WRF” and the “WRF 
Portugal” submenus. Here, the user can select one of the available weather layers. 

As an example, the following Figure 25 Visualization of the layer corresponding to the Downward 

Convective Available Potential Energy (DCAPE) variable for the Portuguese LLshows the layer 
corresponding to the Cloud Cover Height (CCL Height) variable for the Portuguese LL.   

All the Weather-wise variables have been grouped in a layer named with WRF and the 
Living Lab name. They are configured to be displayed only one at a time, so the user will 
have the chance to switch between layers to get the variable they want or need in any 
case.  

For every single layer, the time dimension has been enabled, so when the user enables 
any of these layers, a time slider widget will be displayed, helping the user to navigate 
across the forecast or just play the forecast for the next 96 hours. Other UI functionalities 
include toggling on /off the layers as well as adjusting the opacity. This can be done using 
the Table of Contents widget in the top right corner. 

 

https://www.ogc.org/standards/sld/
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Figure 25 Visualization of the layer corresponding to the Downward Convective Available 
Potential Energy (DCAPE) variable for the Portuguese LL 

The Figure 26 below shows an example of the Pyrocumulonimbus Firepower Threshold 
forecast for the Portuguese LL area. 

 

Figure 26 Visualization of the layer corresponding to the Pyrocumulonimbus Firepower 
Threshold (PFT) for the Portuguese LL area 

The following Figure 27 shows the layer corresponding to the Surface-based Level of 
free convection LFC Height forecast (m) for the Portuguese LL. 
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Figure 27 Visualization of the layer corresponding to the Surface-based Level of free 
convection (LFC) Height (m) forecast for the Portuguese LL 

The following Figure 28 shows the visualization of the layer corresponding to the 
Convective Flag (methodology from Tory & Kepert 2021) Layer for the Portuguese LL (left) 
and the UI controls for Time sliding management and Table of Content Widgets (right). 

  

Figure 28 Visualization of the layer corresponding to the Convective Flag (methodology from 
Tory & Kepert 2021) Layer for the Portuguese LL (left) and the UI controls for Time sliding 

management and Table of Content Widgets (right) 

 

 

How to measure at a feasible and viable way as well as high latency the changes and 
evolution of key post-fire metrics, has been the main question to be achieved in the 
implementation of this solution.   
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A pilot of forestland fuel mapping, its changes (e.g. soil moisture, vegetation water) and 
tendencies, monitor post-fire vegetation recovery (e.g. geospatial wildfire contours, fire 
severity) has been implemented through data fusion of EO multi and hyperspectral 
datasets, LiDAR data and machine learning approaches.   

The E.O. data correspond to Copernicus Sentinel 2 data in terms to assure upscaling and 
viability of our solution. This information is mixed with land cover and land use maps, as 
well as biophysical variables (mainly extracted thanks to LiDAR model developed at FIRE-
RES but also could be used COPERNICUS services) to analyse recovery trend inside and 
outside comparison of wildfire at Living Lab to obtain CO2 emissions and simulate by 
using A.I. architectures expected evolution of landscape in terms of recovery proxies.  

 

Figure 29 Example of a graph with the NDVI Trend and Forecast for Vegetation (Conifers 
Class) 

3.7.1. Implementation 

In terms of the implementation of the solution the work carried has been focused on two 
main aspects:   

• Development of an operational methodology to generate spectral indexes based 
on Copernicus data to build up temporal series (A.I. supported). 

• Development of a code/API that takes as an input temporal series over wildfires 
allocated over Living Lab Cat by processing satellite images and returning as 
output indexes values (ICV, dNBR, NDVI) described at 3.7.3. 

3.7.2. Integration into the ISS 

Regarding the integration with the ISS, the ISS interface “requests” (previous end user 
selection of Region Of Interest (R.O.I) - polygon) code/API and returns a list (data, index 
value) to be represented. 
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ICGC has generated S2 images over the Catalonia LL, S2_indexes, shapefiles, wildfires 
ROIs and C02 total emissions.  

An API has been generated on the ISS side, performing a zonal statistic by a spatial query 
based on pixel value extraction on the product data provided (NDVI, VGI, dNBR) and using 
an area of interest defined by the user through the ISS GUI. The API returns a JSON with 
the results for each perimeter.  

Tecnosylva reviewed and updated the spatial query functions to improve the 
performance when requesting big chunks of data. The API also provides a way to 
download the original files provided by ICGC in order to let the final users make use of 
them and perform their own analysis. 

3.7.3. Description of the functionalities in the GUI 

Once selected the Catalonia LL, the users can select under the “All layers” and under the 
subsection “ICGC” the fire that they want to analyse and the variable they wish to have 
represented on the map, i.e., NDVI, VGI or dNBR. One of these variables have been 
selected the user can visualize the fire area with the corresponding variable values 
represented on the map. The following Figure 30 shows the Llançàa fire VGI variable 
represented on the ISS map with the corresponding legend. 

 

 

Figure 30 Visualization of the Llançà fire affected are with the corresponding VGI values 

Furthermore, by activating the timeline seen at the bottom of the map the user can see 
the evolution of the selected variable values in time. 

Furthermore, as can be observed in the figure below the user has the possibility to draw 
a polygon on the map in the surface affected by the fire. Once the polygon is drawn the 
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ISS interface sends it to the backend to manage the calculation of the implemented 
variables charts. After that, the several charts are sent and displayed on the left side of 
the application and there is a dedicated view for these charts as it can be seen below 
(Figure 31). 

 

Figure 31 Example showing the drawing a polygon on the Llançà fire affected area and the 
visualization on the bottom left of the analysed variables charts 

It is also possible to download the data already calculated in CSV format, with the pictures 
of the charts and the polygon drawn in the map of all the indexes of the Living Lab, by 
clicking on the download icon of the Results tab as is shown in following Figure 32 

Functionality to download the data already calculated in CSV format. 

Furthermore, by clicking “Zones Info” the several study areas are shown on the upper left 
side of the menu with the corresponding analysis values, i.e., “Surface (ha)”, “Biomass P”, 
“Biomass C”, “CO2eq (t)”, “CO2eq (t/ha)” (see figure above). By clicking on the download 

Figure 32 Functionality to download the data already calculated in CSV format 
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icon of the “Zones info” tab the user is able to download to their computer all the zones’ 
files. The next Figure 33 shows an example of the downloaded files. 

 

Figure 33 Example of the downloaded files of all the zones. 

 

 

Wildland fires emit large amounts of trace gases and particles [16] significantly impacting 
atmospheric chemistry [18] and the Earth’s climate system. These emissions include 
greenhouse gases like carbon dioxide (CO2) [21] and methane (CH4), and 
photochemically reactive compounds such as carbon monoxide (CO), resulting from 
complete or incomplete combustion [23]. Extreme fire behaviour, such as blow-up, 
eruptive or flashover fires, often leads to sudden changes in fire spread, with descriptions 
as “lakes of fire”, “blanket of flames”, or “sudden explosions”, as witnessed during the 
Pedrógão Grande June 2017 wildfire in Portugal. 

Current solid theories suggest that Volatile Organic Compounds (VOCs), emitted from 
heated vegetation or as by-products of incomplete combustion in the wildfire front, may 
accumulate under specific topographic and meteorological conditions. These gases may 
reach explosive concentrations, leading to sudden ignition and rapid bursts of flames as 
in explosions. E.g., VOCs from Mediterranean plants, such as eucalyptol and ß-pinene, 
have been identified as contributors to eruptive fires. 

Studies in several places, including in Portugal, have analysed VOCs emissions from 
various forest species, including pine, eucalyptus, and cork oak. It was shown that 
elevated temperatures and specific topographical conditions may accelerate VOC 
emissions, as observed with Rosmarinus officinalis and Pinus, highlighting their role in 
extreme fire behaviour. 

Remote sensing tools, such as the TROPOspheric Monitoring Instrument (TROPOMI) 
aboard the Sentinel-5 Precursor (S5-P) mission, enable real-time monitoring of 
atmospheric gas pollutants such as ammonia (NH3) and ethanol (CH3CH2OH), some 
VOCs and greenhouse gases (GHG) such as water vapour, carbon dioxide (CO2), carbon 
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monoxide (CO) and methane (CH4) [19][20]. The S5-P mission integrates air quality and 
climate issues at the policy level [25], with TROPOMI providing detailed observation of 
trace gases and aerosols critical for understanding atmospheric chemistry. 

In this project, VOCs interactions with the radiance provided by TROPOMI’s band 7 (2300-
2343 nm range) are modelled using the SCIATRAN program and the WF-DOAS forward 
model. Analysis of wildfire events in Portugal showed the presence of an increased 
concentration peak of eucalyptol and Beta-pinene on the first and last days of the 
wildfires, providing valuable insights into VOCs dynamics and their influence on fire 
behaviour. 

3.8.1. Implementation  

Regarding infrastructure used for the development of the Volatile Organic Compounds 
Concentration solution, it used an HP Pro SFF 400 G9 Desktop PC, located at CEABN, in 
ISA, University of Lisbon Portugal. 

The Volatile Organic Compounds Concentration solution for Portugal is making use of the 
SCIATRAN program to extract the Weighting Functions (one simulation is required for 
each block of 50kmx50km). 

The created CSV files have the latitude and longitude and the concentration of the 
selected VOCs (Alpha and Beta-Pinene, and Eucalyptol). The concentration is in mol m−2.   

Level 2 Data – Concentration of CO, CH4, O3 and SO2 is also calculated for the Portugal 
continental area. The files have the latitude and longitude of the selected gases with their 
concentration in mol m-2.   

Radiance normalisation, Air Massa Factor (AMF), Slant Column Density (SCD) and Vertical 
Column Density (VCD) calculations are done in Python in the Desktop PC, along with Cloud 
corrections. The data acquisition process is manually done from the Copernicus Browser, 
and the backend file storage is also being managed. In the future, and in case this solution 
is put at some point into production, the automation process will need to be 
accomplished. 

3.8.2. Integration into the ISS 

TSYLVA and ISA collaborated to define the integration of the data into the ISS. 

ISA generates the VOCs concentration in CSV format. These are uploaded manually by ISA 
to the ISS Blob Storage to make them available to the ISS. TSYLVA implemented a method 
to convert the CSV files into shapefile. These files are then made available for visualization 
in the ISS map. Regarding the representation of the data, several discussions have taken 
place to define the best way to display the data through the ISS. The CSV files created by 
ISA are periodically manually uploaded to the ISS Blob Storage so that the ISS can access 
and display through the GUI the latest available data. 
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In that regard, currently, the ISS includes a static subset of files (covering February 2025) 
for display. This is done for a demonstration purpose to showcase from ISA’s side how 
this data can be generated, fetched and visualized. In the future, in case this system is 
operationalized it would be necessary to work detailing data limits and accuracy as well 
as some interpolation options or granularity level. The Integration process includes some 
background processes which retrieve the desired datasets based on a time range 
(currently the VOCs dataset of February 25), transform and concatenate them on a single 
shapefile and make them available through a Web Map Server with a time dimension set 
and enabled. 

3.8.3. Description of the functionalities in the GUI 

The ISA team has worked with TSYLVA to define the visualisation method of VOCs and 
other gas concentrations in the ISS GUI. Regarding the representation, it was decided to 
apply a specific colour scheme “Turbo” with no interpolation.  

The <<turbo>> ramp colour option was chosen since it’s an evolution of <<jet>> which was 
the one suggested by ISA partner, despite has been deprecated in favour of turbo in the 
main OGC products like QGiS or Geoserver, which are the ones that were used to deal 
with those datasets. Regarding the creation of the data legends, TSYLVA generated some 
classification once parsed the datasets and so generated a gradient scale based on 10 
quantile levels.  

 

Figure 34 ISA VOCS GUI Features showing Eucalyptol in different times 

Also related to the visualisation of the data, functionalities have been implemented in the 
GUI that allow the user to pick a date from the available time frame and as a consequence, 
the GUI will show the respective concentrations of the substances for the chosen date 
and substance. In the same way, the user can navigate through the forecast to see the 
values on the map that are updated across the chosen dates. The Figure 34Figure 35 shows 
on the left and right an example of the representation of the concentration of the 
Eucalyptol VOCs for two different days. The upper part of the figure shows the substances 
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selector that can be accessed through the ISS Table of Contents menu that can be found 
on the upper right side of the ISS. At the bottom of the figure can be seen the timeline 
functionality that allows the user to see the data by days.  

 

The primary objective of this tool is to improve collaboration among various organisations 
during an EWE. It is designed to specify the operational information that Fire Analysts (FA) 
and Incident Commanders (IC) should share in real-time, including EWE scenario 
descriptions, through the GIS platform to support decision-making throughout the event, 
and to allow other agencies to get access to information in real-time. In this regard, in the 
approach of IA5.9 concerning the sharing and integration of interoperative data in the 
ISS, as an interoperability example, CFRS provided the means to interchange some 
operational information with the ISS System. The corresponding implementation is 
explained in the following sub-sections. 

3.9.1. Implementation  

Real-time information from the CFRS database servers is shared with the ISS via a set of 
URLs. This data comes from the CFRS GIS information system (ArcGIS server based) and 
is collected directly from the CFRS first responders and shared with the ISS in real-time. 
This integration allows the visualisation of the created and shared operational data in the 
ISS map. 

The shared data comprehends two main services: 

● A Feature Server from ArcGIS service with the following data fields:  

○ Fire location: starting point. 

○ Wildfire phase (referring to the phase of the fire: active, stabilised, 
controlled, or extinguished). 

This URL corresponds to: 
https://interiorgencat.maps.arcgis.com/home/item.html?id=53f3b1ede32543249ddb169
551b68044  

● An ArcGIS MapServer service that provides the Emergency Operative Cartography 
of Catalonia (COE). 

The related URL corresponds to:  
https://tiles.arcgis.com/tiles/ZCqVt1fRXwwK6GF4/arcgis/rest/services/COE_062023/Map
Server 

Besides, a link to the CFRS “Firefighters' Actions Viewer” has been included in the ISS start 
page, in the IISS applications visualisation menu, namely the “External Applications 
section”, as well as in the menu of the corresponding LL (see section 3.9.3). Being possible 
in the latter to visualise the viewer and directly interact with it in the menu. 

https://interiorgencat.maps.arcgis.com/home/item.html?id=53f3b1ede32543249ddb169551b68044
https://interiorgencat.maps.arcgis.com/home/item.html?id=53f3b1ede32543249ddb169551b68044
https://tiles.arcgis.com/tiles/ZCqVt1fRXwwK6GF4/arcgis/rest/services/COE_062023/MapServer
https://tiles.arcgis.com/tiles/ZCqVt1fRXwwK6GF4/arcgis/rest/services/COE_062023/MapServer
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The URL that gives access to the CFRS operational viewer is the following: 
https://experience.arcgis.com/experience/f6172fd2d6974bc0a8c51e3a6bc2a735  

The Emergency Operative Cartography of Catalonia (COE) and the access to the CFRS 
operational viewer has been integrated into the ISS.  

Furthermore, since the last report, TSYLVA and CFRS have integrated in the ISS the 
Feature Server Service with the corresponding operational wildfire data. 

The URL that gives access to the CFRS urgent actions layer is the following: 

https://services7.arcgis.com/ZCqVt1fRXwwK6GF4/arcgis/rest/services/ACTUACIONS_UR
GENTS_online_PRO_AMB_FASE_VIEW/FeatureServer/0  

3.9.2. Integration into the ISS 

The integration into the ISS consists of fetching the two above-mentioned services, i.e., 
the Feature Server with the real-time operational data from CFRS and the operational 
base map “Emergency Operative Cartography of Catalonia (COE)”.  

The first can be activated through a dedicated layer available in the “All layers” table of 
contents, whereas the latter can be activated as a base map together with other base 
maps made available by the ISS, such as street maps, imagery hybrid map, etc. 

The access to the CFRS operational viewer has been integrated by including the link to 
the corresponding page.  

3.9.3. Description of the functionalities in the GUI 

At the request of CFRS, TSYLVA integrated several functionalities that allow sharing of 
information between platforms. One of the functionalities has been to include access to 
the “CFRS – Firefighter’s Actions viewer” in the IIS home page (see Figure 35) as well as in 
the “External Applications section” of the ISS (see Figure 36). This allows accessing the 
CFRS operational viewer by simply clicking on the corresponding button. 

https://experience.arcgis.com/experience/f6172fd2d6974bc0a8c51e3a6bc2a735
https://services7.arcgis.com/ZCqVt1fRXwwK6GF4/arcgis/rest/services/ACTUACIONS_URGENTS_online_PRO_AMB_FASE_VIEW/FeatureServer/0
https://services7.arcgis.com/ZCqVt1fRXwwK6GF4/arcgis/rest/services/ACTUACIONS_URGENTS_online_PRO_AMB_FASE_VIEW/FeatureServer/0
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Figure 35 Access to the CFRS Firefighter’s Actions viewer” through the IIS home page 

 

Figure 36 Access to the CFRS Firefighter’s Actions viewer” through the “External Applications 
section” of the ISS 

Another functionality has been to integrate this CFRS viewer in a menu when selecting 
the Catalonia LL area in the ISS. The user can interact with the viewer (e.g., by activating 
layers, base maps, open menus, zoom in and out, etc.) directly through this ISS menu and 
can access that web by clicking “View in full screen”. The Figure 37 below shows such 
functionality. 
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Figure 37 Access to the CFRS Firefighter’s Actions viewer” through the LL applications menu 

Furthermore, two operational layers from CFRS ArcGIS server (namely a Feature Server 
and a Mapserver services) have been integrated into the ISS. These services correspond 
to an operational basemap with operational information from CFRS (Mapserver) and a 
layer with fire location and wildfire phase (“urgent actions” layer).  

The following Figure 38 shows the operational base map of CFRS activated and visible on 
the ISS map. 

 

Figure 38 Operational base map of CFRS - Emergency Operative Cartography of Catalonia 
(COE) activated and visible on the ISS map 
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Figure 39 shows the integration in the ISS of the “urgent actions” layer with the fire 
location and wildfire phase. 

 

Figure 39 "Urgent actions" layer showing a wildfire incident and the corresponding 
operational information 

 

 

As has been specified in deliverable D5.1 and documented in deliverable D5.5., the EWE 
simulation and impact Assessment module includes the development and 
implementation of wildfire simulation services based on the operational simulation 
capabilities of Wildfire Analyst from Tecnosylva, in specific on the fire simulation 
capabilities from the FireSim wildfire simulator [13][14]. 

This solution has been implemented in FIRE-RES for the four addressed LLs, Portugal, 
Catalonia, Grand Canary and the Germany-Netherlands LL area. For this purpose, a 
dedicated API has been implemented through the development of several API RESTful 
methods that allow performing requests from the ISS to FireSim simulation core 
(simulation code), for launching simulations, to obtain simulation results, selecting the 
simulation mode and obtaining the simulation inputs.    

The implemented fire simulator includes two main simulation modes, the standard fire 
propagation mode and a probabilistic simulation mode. As has been specified in 
deliverable D5.5., the solution includes for both simulation modes the EWE adjustment 
factor. This adjustment factor is based on the inclusion of the forecast of the Lifted Index 
weather variable provided by SPIRE weather forecast service, which allows an improved 
forecast of the fire behaviour by taking into account EWE conditions when certain values 
of the Lifted Index are found. 
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3.10.1. Implementation  
The implementation of the EWE Simulation and Impact Assessment module based on the 
TSYLVA FireSim simulation capabilities is documented in the deliverable D5.5.  

As a side note, in the implementation of FireSim it has been assumed that the user that 
will be using the application is in the correct time zone of the area that he/she is using 
the simulator. Due to that, when a new FireSim simulation is requested in a Living Lab 
area, it is considered that the user has its computer in the same time zone of the Living 
Lab he/she is working on. 

3.10.2. Integration into the ISS 
Fire Simulations are integrated into the platform using the FireSim API. There are many 
calls that can be made against the API but in the integration with FIRE RES, there are three 
requests that are made: 

● Get Simulations: Retrieves the simulations between two datetimes and related 
with the concrete scenario where the app user is working. The result comes in 
JSON format and it is shown by a card list in the app. 

● Get Output: Retrieves the simulation outputs in specified format to be 
downloaded and shown in the app map. 

● Simulate: Receives the complete specifications of the simulation that is intended 
to be generated at the Fire Sim engine. 

3.10.3. Description of the functionalities in the GUI 
In order to access the implemented FireSim simulator functionalities, after selecting the 
LL, the user needs to select the “FireSim” functionality on the main menu of the ISS 
located on the left side of the ISS (see Figure 40 below).  
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Figure 40 Operational wildfire simulator (FireSim) showing the list of simulations and the 
option to start creating a new simulation 

As can be observed in the previous Figure, once “FireSim” is selected, the user is able to 
see the list of simulations performed in the corresponding LL (in this case in the Catalonia 
LL). On the upper part of the screen the user can choose to create a new simulation by 
clicking the “Create Sim” button. 

By clicking that option, it opens a submenu with the options to create a new fire behaviour 
simulation. Under the section “1. Ignition Points” the “Add ignition point” button allows 
the user to draw ignition points on the map. The list of these ignition points appears on 
the upper part of the menu (see Figure 41 below).  
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Figure 41 Menu with the input options to create a standard FireSim fire behaviour simulation 

To stop drawing ignition points the user selects “Stop Draw Points”. 

As is also shown in the previous Figure, section “2. Details” the user is able to select the 
simulation mode, i.e. “Standard” simulation mode or “Probabilistic” simulation mode. It 
also allows the user to enter a name of the simulation to be performed and to set the 
number of hours of the simulation (from 1 - 84h) under simulation “Duration”. 

Under section “3. Adjust data” the user is able to select the weather data to be used for 
the simulation, i.e., either to make use of the WRF HR weather forecast data created daily 
by TSYLVA for each of the addressed LLs, by selecting the option “Model” from the 
dropdown menu, or to make use of constant weather data by selecting “Constant” (see 
Figure 42 below).  
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Figure 42 Menu showing the input options to create a FireSim fire behaviour simulation 

In case the latter option is selected, the user can define the constant weather conditions 
of wind speed, wind direction, dead fuel moisture percentage, herbaceous fuel moisture 
percentage and woody live fuel moisture percentage. 

Finally, once all the simulation parameters have been defined, the user is able to trigger 
the simulation by clicking the “Run Sim” button where the simulation request is sent 
through the FireSim API to the simulation code. 

In case the request has been successful (i.e., all the simulation parameters have been 
correctly set before running the simulation), a notification appears in the bottom part of 
the screen (see Figure 43 below).  
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Figure 43 Notification showing that the simulation request has been done correctly 

After a few seconds, the simulation result will appear on the list of simulations (see Figure 
40) that have been carried out for the corresponding LL.  

In case the "Probabilistic" simulation mode is selected, an additional set of options related 
to this specific simulation mode appears on the menu (see Figure 44 below) when 
selecting this mode.  

 

Figure 44 Menu with input options to create a probabilistic FireSim fire behaviour simulation 
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These probabilistic mode options are specific to this mode and allow setting the 
simulation inputs grade of variability for the probabilistic simulation, namely the 
variability of the wind direction, wind speed, 1h fuel moisture percentage and of the life 
woody fuel moisture percentage. Besides allowing setting these weather and fuel 
conditions variability, as has been mentioned before, the probabilistic mode in the same 
way as the Standard simulation mode takes also into account the forecasted value of the 
Lifted Index obtained from Spire weather forecast, to adapt the ROS of the simulation in 
case certain values of the Lifted Index are forecasted. All these specifications are 
documented as well in deliverable D5.2. It shall be mentioned though that the rest of 
weather input data is taken from the WRF weather forecast data that is created daily by 
TSYLVA for FIRE-RES (in case the use selects “Model” from the weather data option. 

The simulation list (see Figure 40) shows a set of boxes, each box corresponds to a 
performed simulation and its related results. On the upper left part of the simulation box 
it displays a number, this number corresponds to the IAA level (Initial Attack Assessment) 
classification. To the right of this number, it indicates the simulation mode that has been 
used, i.e., Standard or Probabilistic simulation mode (see Figure 45 below).  

 

Figure 45 Menu of the performed simulations where the set of simulation results can be 
accessed 

Below the type of simulation mode (“standard” or “probabilistic”) it shows the simulation 
name, the number of affected hectares and the elapsed time since the simulation was 
run. On the right-hand side is the “Output” combo box where the user can select the type 
of output to be displayed on the map, i.e., arrival time of the fire, rate of spread, flame 
length, crown fire, fire paths, probabilistic result (only for the case of a probabilistic 
simulation). 
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For the fire time of arrival result, by clicking the “Play” button on a simulation results box 
the user is able to visualise dynamically on the map the time of arrival of the fire for each 
simulation hour (see Figure 46 below). 

 

Figure 46 Example of a dynamic result of the arrival time per hour for a standard fire 
behaviour simulation 

The drop shaped icon located on the bottom left part of the simulation box allows setting 
the opacity level of the simulation result. Finally, on the right-hand side of the box, by 
clicking on “Results” the user is able to visualise further results of the simulation, namely 
the fire behaviour indexes that allow the user to have an initial forecast of the expected 
severity of the fire (see the next figure). The indexes are the Initial Attack Assessment 
(IAA), the Fire Behaviour Index and the expected Fire Growth Potential index. It also 
indicates the expected number of population and buildings impacted (see Figure 47). 

These impact estimations, wildfire assessment indexes and their corresponding levels of 
severity are specified and documented in deliverable D5.5. 
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Figure 47 Simulation results box showing impact related results with the fire simulation 
indexes 

In the following months an additional functionality is planned to be integrated, namely 
the adjustment of Standard propagation simulations. This functionality shall allow the 
user to adjust forest fire simulations by entering fire control points on the map with 
associated time and spatial position which shall allow the users to adjust simulations ROS 
based on this information. This functionality is also specified and documented in 
deliverable D5.5. 

 

 
Weather conditions, particularly the vertical structure of the atmosphere, are crucial in 
simulating and forecasting Extreme Wildfire Events (EWEs). The temperature profile 
within the atmospheric column helps determine atmospheric instability, which influences 
the likelihood of pyrocumulonimbus cloud formation. These clouds, in turn, can affect 
the development and spread of EWEs by altering local weather conditions such as wind, 
humidity, and potential lightning activity. 

Spire’s constellation of nano-satellites collects thousands of daily vertical profiles of 
atmospheric temperature and humidity worldwide using GNSS Radio Occultation (GNSS-
RO). These profiles provide detailed data on the atmospheric column, which, when 
assimilated into weather models, enhance the initial conditions (the ‘analysis’) and 
improve subsequent forecasts. 

Spire incorporates GNSS-RO data into its models four times a day (00, 06, 12, and 18 UTC) 
to produce global atmospheric analyses. These analyses form the basis for Spire’s global 
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weather forecasts, which are then integrated into the ISS to help decision-makers assess 
how weather conditions may influence the behaviour and spread of EWEs. 

3.11.1. Implementation  
The Spire weather model which produces the columnar weather data is run on a fully 
redundant High-Performance Compute Cluster (HPCC). The output data is packaged and 
compressed in the common meteorological binary format called 'grib' and made available 
to the Spire API at https://api.wx.spire.com/. 

The Spire data is ingested into the ISS through various API endpoints. 

The endpoint /forecast/file provides access to the raw grib files of the complete European 
area covering all LL of the project. The /forecast/point endpoint on the other hand returns 
point data of a specific location when queried with a latitude and longitude. Lastly, the 
/ows/wms endpoint provides access to visualisation layers that can be easily integrated 
into the ISS. Note that these visualisation layers come with predefined visualisation styles. 

The following weather parameter categories have been made available to the ISS: 

Basic 

2-meter air temperature (C), 2-meter dewpoint temperature (C), mean sea-level pressure 
(hPa), 2-meter relative humidity (%), total precipitation (mm), precipitation rate (mm/h), 
10-meter u-wind component (m/s), 10-meter vv-wind component (m/s), 10-meter wind 
speed (m/s), wind gust speed (m/s), minimum 2-meter air temperature in previous 6 
hours (C), maximum 2-meter air temperature in previous 6 hours (C), total cloud cover 
(%), visibility at surface (m). 

Upper-Air at isobaric levels 

Wind, vertical velocity, air temperature, relative humidity, geopotential height, absolute 
vorticity, cloud water mixing ratio, cloud ice mixing ratio. 

Thunderstorm 

Lifted index 1000-500 hPa, convective available potential energy, convective inhibition, 
precipitable water, storm relative helicity, thunderstorm motion, vertical shear, lifting 
condensation level, equilibrium level, level of free convection, downdraft convective 
available potential energy. 

3.11.2. Integration into the ISS 
The integration of the data into the application is done through several Spire API calls. 
One for each bundle and with the supplied api.key. 

Once the responses are obtained, they are grouped as: “Spire Vertical Weather”, with as 
many layers as bundles and as many sublayers as each bundle responds. 

With the general structure of the layer created, it is rendered in the “All layers” menu of 
the GUI where these are made accessible to the users. 

https://api.wx.spire.com/
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3.11.3. Description of the functionalities in the GUI 
The Spire weather data can be visualised as ‘map layers’ in the ISS. The weather 
parameters are bundled in the categories ‘Basic’, ‘Upper-Air’, and ‘Thunderstorm’ as can 
be seen in Figure 48. The weather parameters can be explored by clicking on the down 
arrow of each parameter bundle in the layer selection menu.  

 

Figure 48 Spire vertical weather data can be selected from in the 'layer selection' menu as 
denoted by the red arrow 

Weather parameters can be visualised as map layers by selecting them using the toggle 
button next to each weather variable. The Figure 49 below gives an example of a weather 
visualisation of wind speed at 10m above the surface.  

 

Figure 49 Visualisation of Spire wind speed at 10m 
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Each sublayer has 2 buttons to the right, the favourites button and the activation button. 
To display a sublayer, it shall be activated by clicking on the circular radio-button, taking 
into account that the parent layer and the “Spire” group must be activated first (see Figure 

50 below). 

When a sublayer is selected, a loading icon is displayed at the height of the parent layer 
and the timeline is displayed at the same time, with a loading animation as well. 

 

Figure 50 Menu with the selectable weather variables from Spire 

Once the sublayer is loaded, it is superimposed on the map and can be animated from 
the timeline (see Figure 51) by clicking the play button or moving back and forth using the 
arrow buttons. 

 

Figure 51 Timeline that allows to visualise the forecasted weather variables in time (hours) 

The legend of the selected sublayer can be visualised by opening the Legend widget (see 
image Figure 52). 
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Figure 52 Legend widget that shows the legend for the corresponding weather variable 
values 

As shown in the Figure 53 below, each layer has an opacity slider that allows to change 
the opacity of the selected sublayer. 

 

Figure 53 Opacity slider to set the opacity of the layer displayed on the map 
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INESC TEC main objective in the FIRE-RES project is the development of a wearable system 
able to monitor in real time both physiology and environmental metrics of each firefighter 
individually. After all the data collection, processing intern and sharing within INESC TEC 
cloud, an interface is needed to its visualisation. This dashboard developed by TSYLVA 
enables the visualisation in real-time of all the data that is being collected by the wearable 
sensors worn by firefighters during exercises and fire suppression. Also, in case a fire 
truck is also equipped with a meteorological station developed by INESC TEC within the 
project it will be possible to visualise it in this dashboard. All the data is georeferenced in 
a map enabling to have a complete picture of each asset on the field along with the 
corresponding time.   

3.12.1. Implementation  

INESC TEC used a previously developed database with a restAPI to share data between 
sensors and “clients” such as TSYLVA. A major enhancement was made at two levels: 
smartphone gateway and server security. In the smartphone carried by the firefighters 
and that acts as a data aggregator and gateway, improvements on Bluetooth connectivity 
were made jointly with several improvements in the data processing to integrate new 
algorithms. At the server level an implementation of a proxy server was made to allow 
more secure data transmissions and remove the need to use VPN access. This new 
implementation allows more easy access to the data when registered in the system. A 
JSON Web Token based protocol was implemented jointly with TLS/SSL security protocol 
to enhance data protection and controlled access to the data. INESC TEC has provided to 
TSYLVA a unique token to enable access to the data during the project duration 
(renovation each 6 months is mandatory).   

A restAPI documentation with well-defined nomenclature and data model was provided 
to TSYLVA jointly with a draft of a possible interface and description on how data could 
be integrated and displayed in the GUI. A well-defined restAPI documentation was 
provided to TSYLVA jointly with a draft of a possible interface and a description of how 
data could be integrated and displayed in the GUI.  

3.12.2. Integration into the ISS 

The communication with the OEDA restAPI is done with several steps. First, a request is 
made for all the Events (/event/status/*), to represent them in a list, with the response 
data. 

When an event is selected, a request is made for the basic information of that event 
(/event/info/“eventId”), a request for the agents of the event (/agent_event/list/“eventId”), 
a request for all the measures related to the event (event_product/export/“eventId”) and 
finally, a request for the latest data associated with that event 
(event_product/latest_data/“eventId”). 
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All the data obtained are merged into a list of agents with their latest location data and 
measurements from all the sensors of the corresponding agents. 

When an agent is selected, the latest event data is requested and obtained, which 
contains the latest sensor measurements of all agents, filtering the selected agent. 

3.12.3. Description of the functionalities in the GUI 

The GUI allows to visualise in real-time or post mission the information of each individual 
firefighter (both physiological and environmental) and if integrated, the truck 
meteorological data. All the information is displayed in a map that shows the localization 
of each asset (person or vehicle). 

For each firefighter main variables are shown, including a new metric named “status” that 
indicates in a colour based the health status of each firefighter. This feature aims to make 
the interface more user-friendly and facilitate quick decision making while using such 
tools in operational scenarios. This feature was created based on end-user’s feedback 
and requirements analysis. 

In case a mission has already taken place, the interface will show the evolution of each 
metric along the time, allowing the user to choose the interval that aims to check the data, 
including the path (in the map) performed by the subject or vehicle. 

Hence, the GUI functionalities related to this application starts the moment the 
Portuguese Living Lab is selected (the one associated with OEDA). At that moment the 
menu “INESC TEC - OEDA” is displayed. 

Once opened, the first 30 events are listed from the total displayed at the bottom of the 
list. As you scroll down the list, the following events are loaded. The list is updated every 
60 seconds. The menu also includes a button for sorting and a search field to search for 
an event. 

As can be seen in the Figure 54 below each event is represented with an icon, which shows 
the time since the event has been updated with new data, it includes the name, the 
location and the date and time it was recorded. 
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Figure 54 List of events menus from the OEDA application 

Once an event has been selected, the event details will be displayed at the top and then 
a list of all the agents associated with that event will be displayed. The list shows several 
agents of the total, which will be displayed as you scroll down. It also includes a button 
for sorting and a search field. This can be seen in the Figure 55. 

Each agent is represented by an icon, its name and its last recorded coordinates. The list 
is updated every 60 seconds. 
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Figure 55 View of the agents for a given event 

When an agent is selected, basic agent information is displayed in the header, such as 
name, last location and a button to zoom in on the map at that location. Then, the 
measurements of the 3 main sensors are displayed: Health Status, Air Quality and 
Heartbeat, with their respective measurement date. 

Finally, it includes 2 fields to select a date and the range of hours to be displayed. These 
2 fields are used to display the graphs of the sensors on that date. Once a date and 
number of hours are selected where measurements exist, the graphs with the 3 main 
sensors will be displayed. If the graphs are displayed, a button will appear in the header 
to show or hide the rest of the sensors. Figure 56 shows the fields and data that have 
been described before. 



 

70 
 

 

Figure 56 Example of an agent related information and graphs 
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As can be observed in Figure 57, the data requested to the OEDA API, is displayed into 
charts in the web interface. The charts are built with the Apexcharts library, using custom 
styles for each type of variable and supporting language changes, as the rest of the 
application. There are some operations that can be executed over the charts: zoom in, 
zoom out and download in SVG, PNG and CSV formats.  

 

Figure 57 Example of the visualization of the air quality data obtained from a given agent 

Over the data, a tooltip appears and points the exact time and value in the chart points 
(see Figure 58 below). 
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Figure 58 Example of the visualization of the "Air quality" graph values when hoovering over 
the graph 

 

 

The in-situ sensors data is a solution implemented by CSIC. By readapting low-cost 
commercial sensors available to the general public, a solution has been developed by 
building a network that allows to monitor fixed sites (Purpleairs) as well as the personal 
exposure to which firefighters are subjected (Airbeams). 

3.13.1. Implementation  

For the infrastructure of the solution, an MQTT server (Mosquitto) and a non-relational 
database (Cassandra) have been used. In addition to using pre-adapted commercial 
sensors. 

The firefighters' exposure sensors, in this case Airbeams, are only modified at the 
software level. We remove the need for the phone app and isolate the sensor from the 
Airbeam’s network. This is achieved in collaboration with the Airbeam people who easily 
provided us with the sensor code and how to reprogram it. 

For the fixed sensors (PurpleAir) two options have been used, using the network offered 
by their manufacturer, or using the network already deployed for the firefighters' 
exposure sensors. The latter option was finally chosen. Like the previous sensors, these 
have been reprogrammed to use the CSIC network and infrastructure. 

The implementation for sending data is as follows. The sensors send the readings of each 
sensor via MQTT. The two sensors will always send PM 2.5, as well as PM 1.0 and 10.0 that 
the sensor calculates with the PM 2.5 readings. In addition, if available for the sensor, 
temperature, humidity and pressure will be sent. Added to the mobile sensors of the 
firefighters it also sends the GPS location and the battery of the sensor. 
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Each data is sent as a separate topic in MQTT. Then the central server where the database 
is located has a client connected to the same MQTT server. This is responsible for 
collecting the topicals per sensor and storing the data in the database. The database is 
sorted according to the sensor identifier and the time of the reading. 

3.13.2. Integration into the ISS 

The integration of the data, coming from CSIC sensors, is done in two separated 
approaches, one that addresses the reception and representation of historic sensor data 
and the other that deals with the reception of sensor data in real-time. Both approaches 
integrate data from Airbeams and PurpleAirs. 

The first integration allows the users to see the historical data sent by the sensors. It 
consists of a recurrent process that continuously updates the FIRE-RES database with the 
data coming from the CSIC Cassandra database. The process is executed through python 
pipelines that are executed every 5 minutes, and are allocated in an instance of mage.ai, 
published in the Azure Cloud to work with this project. 

The pipelines search for the last records that have been added to the database to take it 
as the last datetime used, and go to the Cassandra database to take all the records after 
the calculated datetime. Those entries are stored in the FIRE-RES database and are served 
to the interface through a .NET API, that builds the entries in specific formats to be 
represented in charts to the user. 

The second one provides the app the possibility of showing the data coming from the 
sensors in real-time that is then represented through charts. The integration is a little bit 
more complex, due to the fact that the interface cannot be connected directly to the 
MQTT server (the reason is related with the Websocket’s protocol restrictions). 

To convey this situation, a python proxy has been built to play the role of an intermediary 
that is connected to the CSIC Mosquitto server and at the same time is connected with 
the interface using WebSocket’s. The information comes from the sensor in real-time and 
is published to the MQTT server. The proxy receives a notification about new data coming 
from a sensor and takes it to be sent to the interface using a WebSocket. The result is 
seen in the real-time data charts. 

Both components, the .NET API and the python Proxy are deployed in a docker container 
in Azure Container Apps using continuous integration to make the process simple and 
secure. 

3.13.3. Description of the functionalities in the GUI 

The functionalities in the GUI can be accessed when selecting one of the Living Labs 
associated with CSIC (i.e., Galicia and Catalonia LL). 

Once selected, the CSIC button appears in the section menu. When clicked, the list of 
devices will be displayed, showing all of them (see the Figure 59 below).  
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Figure 59 List of sensors devices located on the Catalonia LL and their representation on the 
map 

Each device is represented, on the one hand, with an icon and the time since its last 
detection. On the other hand, the device name, device location and the date and time of 
the last detection. In the list we also have a manual refresh button, the back button, the 
button with the sort menu and the search field. 

Once a sensor device is selected, the detail view will be displayed showing the following 
information (as can be seen in the Figure 60): 

● Device name. 
● Manual recharge button. 
● Back button. 
● Zoom to device location button. 
● Device type. 
● Device location. 
● Real time view button. If there are devices sending data through MQTT, this button 

will be displayed and will show the location and display the real-time data graphs. 
● Device sensor menu activation button. 
● Display of the 3 main sensors with: value, date of last detection and name. 
● Search fields by date and time. 
● Graphs with the display of the 24 hours since the last detection. 
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Figure 60 Detailed view of a sensor device 
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When selecting a device, the map will automatically zoom to the location of the device. 
When clicking on its icon, a popup will show up with the device name, last detection and 
the values of all its sensors. 

These pop ups can be opened by clicking on any of the device icons displayed on the map 
(see Figure 61). If there are several devices in the same location, a counter will be displayed 
in the popup header and selection arrows to switch between them. The pop ups also 
include a button to open the device detail side menu. 

 

Figure 61 Pop up of the device selected on the map with additional detailed information 
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The data exported by the .NET API and the Websocket-MQTT proxy is displayed into 
charts in the web interface. The charts are built with the Apexcharts library, using custom 
styles for each type of variable and supporting language changes, as the rest of the 
application. There are some operations that can be executed over the charts: zoom in, 
zoom out and download in SVG, PNG and CSV formats. 

 

Figure 62 View of a sensor device showing the temperature data gathered on the field 

As can be seen in Figure 63, when hovering the mouse over the graph, a tooltip appears 
and shows the exact time and value for each of the displayed chart points. 

Figure 63 Visualization of detailed information of the values of a graph corresponding to a 
sensor parameter 
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While many numerical simulations account for some local atmospheric factors (such as 
wind at ground level and temperature), they often do not explicitly include the wildfire's 
impact on atmospheric conditions. Specifically, pyro-convective activity—the intense 
interaction between a fire’s heat and the atmosphere—is not directly modelled. Although 
not all extreme wildfire events involve significant pyro-convection, when it occurs, it is 
extremely dangerous. Pyro-convection can lead to the formation of flammagenitus 
clouds, rapidly intensifying the fire and making it more unpredictable and difficult to 
control. At CNRS (UMR SPE laboratory, University of Corsica), we have developed a 
simulation tool that couples the FOREFIRE wildfire spread model with the high-resolution 
atmospheric model Meso-NH [15], typically used for meteorological forecasts. This 
approach has proven effective in studying real wildfire scenarios, but operational use 
faces challenges due to high computational demands and the complex setup process, 
which involves gathering regional data (such as meteorological forecasts and terrain 
information) and configuring the numerical grid. In our project, we have improved the 
automation of the simulation setup and optimised the grid size for faster simulations. 
The process is now largely automated, and the selected grid resolution enables the 
simulation to run quickly enough for emergency operations while still capturing the 
details of pyro-convection at a fine scale.  

3.14.1. Implementation  

As mentioned before, the developed numerical code integrates two simulation tools: 
FOREFIRE, a wildfire surface spread model created at the University of Corsica, and Meso-
NH, an open-source numerical weather prediction (NWP) tool widely used by the 
atmospheric research community for studying real-world scenarios. CNRS has worked on 
making the FOREFIRE + Meso-NH coupled simulation more efficient. This involved 
designing and testing an optimal discretization grid—fine enough to provide the 
necessary resolution near the wildfire while ensuring fast computation—and improving 
the automation of the pre-processing phase. The pre-processing phase involves 
gathering essential data before the simulation can begin. After a fire alert, this includes 
collecting the fuel map, orography, and other physiographic data. Additionally, 
meteorological forecast data from operational weather centres (such as ECMWF and 
MétéoFrance) are downloaded to set up the model’s initial and boundary conditions. This 
process has now been largely automated through scripting. The model has been tested 
on real wildfire scenarios in collaboration with the LLs of Portugal, Aquitaine-Gascogne 
and Gran Canary. 

Simulations are computationally heavy and require an HPC system to be run. The HPC 
computer of the university of Corsica has been used for the calculations and for storing 
results (which, depending on the frequency of outputs, measure tens of Gigabytes). A 
total of 150 Intel processors Intel - 2*Xeon 6230R has been used. 
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3.14.2. Integration into the ISS 

CNRS has worked on the visualisation of the simulation results on the ISS, but the 
challenge lied in the vast amount of data generated by these simulations, as all 
meteorological variables are specified at every point in the grid. This makes effective 
visualisation complex. To address this, CNRS consulted with some LLs to identify the most 
critical data for operational use. A series of prototype plots summarising key results were 
developed and discussed with operational teams at the LLs. The ultimate goal has been 
to create an agile data exchange between TSYLVA and CNRS, covering both input features 
and results sharing.  

Once a wildfire with pyroconvection potential is detected by the user, the user indicates 
the ignition point(s), start time, and necessary meteorological fields through the ISS GUI. 
Once this information is provided, CNRS starts the coupled FOREFIRE/Meso-NH 
simulation, returning a set of simulation outputs that TSYLVA uses for the visual 
representation. All the other input data required by CNRS are managed through a pre-
process phase. CNRS simulations are integrated into the ISS platform via an API. The three 
used endpoints are the following: 

● POST /simulationInit: The complete required data of the CNRS simulation start process 
is sent. 

● GET /: The list of simulations. To retrieve the list of the CNRS simulations that have been 
triggered. 

● GET /getFiles: To retrieve the list of simulation outputs 

From the ISS, the status of the simulations is stored in the FIRE-RES database, and their 
status is monitored using a background worker. This worker updates the status of the 
simulations so that, once completed, the necessary files can be provided to the ISS 
platform. 

Each simulation's status is calculated via access to the CNRS website, where its status and 
all necessary file links for frontend representation are obtained. 

3.14.3. Description of the functionalities in the GUI 
 

A new tab has been created to open the simulations management panel in the 
Portuguese, Galicia, Cataluña, Aquitaine and Germany-Netherlands living labs. It is very 
similar to the panel used for the FireSim simulations (see Section 3.10.3). It contains the 
access to the creation of new simulations, providing all necessary fields to do it and a 
searchable list with all the active simulations of the corresponding living lab. 

https://forefire.univ-corse.fr/firecast/
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Figure 64 View of the CNRS simulations panel 

As it can be seen in Figure 64, the items of the simulation list contain some important 
information displayed comfortably to be recognized quickly. There are some chip fields 
representing the duration of the simulation, the mode in which the simulation has been 
run and the name of the user that ran the simulation. Then, the name of the simulation 
appears followed by the datetime when it was launched. The specific output of the 
simulation can be chosen to be shown in the map through the output selector. 

When a specific output is selected, the simulation player is activated and it allows 
managing the layer active in the map. From this panel, the visibility and the opacity can 
be managed through their specific buttons on the up right side. Furthermore, the specific 
time of the layer can be played manually or automatically by pressing play/pause button 
or pressing left and right arrows. 

It is only allowed to play one simulation at a time. When a simulation is being shown in 
the map, and another one is pressed, the previous one is removed from the map, to make 
it possible to show the new layer. 
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In the simulation card there is a selector that can be used to choose which layer will be 
loaded in the map. The outputs come from the different layers computed by CRNS. The 
different layer names can be seen in Figure 65. 

 

Figure 65 CNRS Simulation output selector 

An example of a specific output (Smoke at ground) from a simulation loaded in the map 
can be seen in Figure 66. 

 

 

Figure 66 View of the CNRS “Smoke at ground” Simulation output loaded in the map 

The simulation layer has its specific legend values and colors being shown in the Legend 
card, in the down right side of the application. 
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Figure 67 shows the form that allows creating a CNRS simulation with all the necessary 
fields: 

• Ignition points: It is possible to select one or more points that will be converted to 
a google polyline to be sent to the CNRS API. 

• Name: the name of the simulation to be easily recognizable 

• Start Time: When the simulation starts 

• Wind: The coordinates of the wind direction vector 

• Mode: The selector of the different modes in which the simulation can be launched 

 

Figure 67 CNRS Simulation creation form 

Simulations can have three different card colours, related to its status. In case a 
simulation fails to trigger the CNRS simulator the card is shown in red (Figure 68); the ones 
that are pending (sent, created but not completed) are shown in yellow colour - Figure 69); 
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and finally, the ones that are completed and can be loaded in the map, are in shown in 
blue colour (Figure 70). 

 

Figure 68 Notification of Simulation launch failure 

 

 

Figure 69 Notification of pending simulation process 

 

 

Figure 70 Notification of Simulation completed 
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3.15.1. Implementation 
The wildfire smoke dispersion system simulates both smoke emission and its dispersion 
and transport in the atmosphere, using weather forecasts and fire spread simulations 
results as inputs. It is composed of five different modules: meteorological data pre-
processing, fire emission estimation, injection height estimation, transport and 
dispersion modelling, and post-processing.  

The meteorological data pre-processing step simply downloads weather forecast data 
from NOAA's GFS model, then converts it to a format suitable for use in the modules that 
require weather data: injection height calculation and smoke transport and dispersion 
modelling. 

The fire emissions module requires information about the time of arrival of the fire front 
to each spatial point that is provided as an input, for this implementation it takes the 
FireSim arrival time from already performed simulations. The fire emissions module will 
combine this information with fuel loads and weights to compute the amount of fuel 
consumed at each time interval, following the methodology proposed in Mandel et al. 
[31], which is also used by the CAWFE model [30], and was designed to approximate the 
mass-loss curve from the BURNUP algorithm [28]. Once the fuel consumed by the fire at 
each time step is obtained, the module computes the smoke emissions released by using 
emission factors from the literature [32][33][27].  

Wildfires release smoke particles or gases at the surface, but due to the strong convection 
that wildfires can originate in the atmosphere, these particles or gases are advected 
upwards until a certain height above the surface. To represent this process, the injection 
height of each wildfire is estimated at each time step by using an injection height 
parameterization. This module needs two meteorological variables as inputs (the 
planetary boundary layer height and the Brunt-Väisälä frequency), but also an estimation 
of the energy released by the fire that is obtained from the rate of spread and the fireline 
intensity (provided in this implementation as inputs from TSYLVA FireSim).  

Atmospheric transport and dispersion processes are modelled with the FLEXPART 
Lagrangian model[29]. The information from previous modules (fire emissions, injection 
height and meteorological data) is used by the model to solve the transport and 
dispersion of the emitted particles. Concentrations of the fire emitted particles are 
obtained as an output at different altitudes and at a time step of 1h.  

The post-processing module reads the FLEXPART outputs to generate concentration 
maps in a convenient format.  

As mentioned above, the MITIGA smoke dispersion simulations are linked to the existing 
FireSim simulations. The process takes some parameters and outputs from those FireSim 
simulations and makes calculations of the smoke dispersion of the incident. 
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MITIGA has provided an API to make the communication from the ISS platform easier. 
The required data only contains some outputs from the linked FireSim simulations and 
the specification of how many days the simulation will be run for. The API computes the 
data and stores the outputs in an Azure container, where our FireRes API takes them and 
sends them to the ISS platform to be shown. 

3.15.2. Integration into the ISS 
To compute the smoke dispersion simulations through the MITIGA simulator, a valid 
FireSim simulation is necessary beforehand. This simulation provides three necessary 
fields as inputs for the smoke dispersion calculation from MITIGA’s smoke dispersion 
simulator side: "rate of spread content", "fireline intensity content", and "arrival time 
content". These fields are outputs of the FireSim operational fire behaviour simulation 
and are added to those obtained from the ISS interface, and with this combined data, the 
simulation can be launched on the smoke dispersion simulator located in the MITIGA 
infrastructure. 

The API implemented in the ISS by TSYLVA to communicate with the MTIGA smoke 
modelling API provides two specific endpoints for this ISS integration: 

● POST /simulationRequest: The necessary fields to initiate the smoke dispersion 
simulation and the ID of the FireSim simulation from which the aforementioned data will 
be obtained. 

● GET /completedSimulations: The simulations that have been completed are retrieved 
with the computed variables returned by the smoke dispersion API.  

ISS simulation status is stored in the FIRE-RES database and monitored by a background 
worker. This worker updates the simulation status so that, upon completion, the 
necessary files can be provided for frontend representation of the smoke dispersion 
results. 

For the files generated by the smoke dispersion simulations, a cloud storage system 
(Azure) agreed upon by the parties is used. The MITIGA engine uploads these files to a 
directory with the smoke dispersion simulation ID, and when returning them through the 
ISS API, temporary links to each of the resources are generated. 

The following subsections document some existing limitations and challenges that have 
been identified during the implementation process, from the smoke dispersion simulator 
side but also from the ISS side. In the future, in case this solution would be 
commercialized these challenges would need to be addressed to have an 
operative/commercial integration of the systems. 

3.15.2.1. Current challenges and potential improvements to the integration from the side of the 

smoke dispersion simulator 

The integration of the smoke dispersion model with the ISS via the API has proven 
functional but faces several challenges that limit its robustness and reliability. Below are 
the key issues identified, along with potential improvements. 
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WAF Incidents 

Some simulation requests occasionally trigger MITIGA’s Web Application Firewall (WAF), 
causing requests to be blocked. This is often due to strict security rules (e.g., rate limits, 
suspicious payload patterns). This incidence has been found in a limited number of cases. 
Two possible tasks are identified to address this incidence in future developments: 

- Coordinate with the platform team to adjust WAF rules for smoke model requests. 

- Optimize request headers/payloads to avoid false-positive security flags. 

API Request Size Limitations 

The smoke propagation model receives data from the fire propagation simulator via the 
API request body. The API gateway enforces a maximum request size, preventing the 
smoke model from processing large fire-spread simulation domains.  

This issue had been detected in a high number of requests, so an increase in the limit of 
these requests has already been made. Since this action, no new failures related to this 
issue have been detected. But in the event that the ISS starts to perform fire spread 
simulations on considerably larger domains, this issue could reappear, requiring a further 
increase in the size of the requests or uploading files directly via a post request, a method 
that does not have a request size limit. 

Meteorological Data Download Errors 

Intermittent failures occur when downloading meteorological data (e.g., timeouts, 
corrupted downloads), leading to incomplete smoke dispersion simulations.  

Improvements in the monitoring of the meteorological data download service, or even the 

implementation of better retry mechanisms, are some of the potential improvements that could be 

addressed to reduce this type of incident. 

3.15.2.2.  Current challenges and potential improvements on the integration from the ISS side 

The current Smoke Dispersion application integration is composed on the ISS side only 
by the simulation request button and the player when the simulation has been created 
and outputs have been retrieved. However, from the ISS side there is no way to know if a 
simulation that has been created has failed because the ISS only shows the successful 
ones (those with simulation outputs). 

One potential future improvement is to include a table with all the requested simulations 
and their statuses, allowing the users to see if their requested simulations results are 
available or not. That list would be opened through a button in the Smoke Dispersion tab 
area, near to the simulation’s selector. 

 

3.15.3. Description of the functionalities in the GUI 
In the ISS platform, some new features have been added regarding the Smoke Dispersion 
Models from MITIGA. 
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As the FireSim simulations are part of the input of those Smoke Models, in those FireSim 
simulation’s cards some new fields have been inserted: 

There is a new chip with a smoke icon that 
represents how many smoke dispersion 
layers can be loaded regarding the 
simulation. 

Next to the location icon, there is a button 
to request a new smoke dispersion 
simulation specifying the number of days 
that the smoke dispersion simulation shall 
run (Figure 72). 

At the lower part, the details panel has 
been modified, allowing the user to choose 
between the visualization of FireSim 
simulation results and the Smoke 
Dispersion results (Figure 71 and Figure 74). 

If the simulation has no smoke dispersion 
output layers to show, the mentioned chip 
and Smoke Dispersion result tab won’t 
appear. 

When the user clicks on “Request new 
Smoke Dispersion”, a new panel appears. 

It contains a “days number” selector, 
where the user can set the desired 
days for the new simulation and the 
button to send the request to the API. 
Once done, the API will start 
computing the model and it will appear 
in the simulation player when it is 
ready to be shown. 

  

Figure 72 FireSim simulation card with MITIGA 
simulation features added 

Figure 71 FireSim simulation card with smoke 
dispersion simulation features added 
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In the Smoke Dispersions tab, there is an 
output selector (Figure 73) where the different 
computed layers of the simulation can be 
loaded. The format of the name is as shown: 
the date when the simulation request was 
done, the name of the variable and the level of 
the computed variable. 

Once an output is selected, a layer is loaded in the map and the player is activated, as the 
FireSim does, with all necessary controls to manage the view of the layer (Figure 74). The 
layer is shown in the map as it can be seen in Figure 75. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 73 Smoke Dispersion output 
selector 

Figure 74 Smoke Dispersion layer player 

Figure 75 Smoke Dispersion layer loaded on the map with 
its legend 
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As stated in the Grant Agreement, Innovation Action 5.1 “Integrative umbrella system for 
EWE decision-making - version 1” starts already from a TRL 9 (“actual system proven in 
operational environment” according to the General Annexes of Horizon 2020 Work 
Programme 2018-2020) and shall remain with this TRL 9 at the end of its implementation 
in the FIRE-RES project. The structure and basis of the ISS are based on the TSYLVA’s web 
platform Karonte, which is a technology that has been developed by TSYLVA and that is 
already being used as the basis for several software commercial solutions, such as in 
Tactical Analyst which is a web platform common operational picture that assimilates 
tactical data from the field in real-time with other relevant detection data sources and 
provides advanced incident mapping and editing functionality that extends capabilities 
into the field even for disconnected situations ([26]). Although the ISS integrates several 
WP5 partners technologies, these have their own TRLs that are justified under their own 
Innovation Action developments and associated deliverables. 
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This document provides a description of the work that has been done in the development 
of the ISS and in the integration of the several applications under task 5.1.3. 

In this final period of implementation and integration, the remaining implementations of 
the partners solutions have been concluded as well as their integration into the ISS 
platform.  

In this regard, the pending implementation work has been concluded, the functionalities 
related to the VOCs application have been finalised and implemented in the ISS, the CNRS 
ForeFire simulator has been integrated into the ISS and the smoke dispersion model from 
MITIGA has been included as an additional application of the ISS. Furthermore, TSYLVA 
finalised the representation of the WRF weather variables in the GUI. Also related to the 
latter, the data can now be visualised with a timeline to see the corresponding forecast 
for each hour of weather for a total of 96h of forecast. 

Furthermore, although the FWISE fire line application was expected to be developed and 
implemented in this last implementation period (M37-M42) this was finally not possible. 
FWISE has difficulties to gather the necessary inputs to create and develop their fire line 
estimation module and was consequently not able to develop an application to be 
integrated into the ISS platform.  

Taking advantage of the fact that the applications have been implemented and are 
working in the ISS, the idea is to provide users of the addressed LLs that might have 
interest in using the solutions access to the ISS so that they can make use of some of the 
available applications. Also, some of these applications are planned to be used by the 
respective owners of the applications during field exercises or even, if possible, to test 
them in real wildfire scenarios during 2025. One of these cases is the INEC TEC OEDA 
application. INESC TEC aims to use the full system (wearables + GUI) in 2025 in real time 
in the Portuguese LL during exercises or, if possible, in real scenarios to test its 
operational feasibility. CSIC also plans to make use of the application and continue 
gathering exposure data from them in situ and personal sensors. 

TSYLVA also plans to make use of the advantage of having their applications developed, 
i.e., operational FireSim and the calculation of daily fire risk metrics to validate these with 
wildfires that might occur in the LLs during 2025 as well as to allow users of the addressed 
LLs to make use of these tools.  

The time opportunity window shall also allow to execute and document the related KPIs 
in the approach of WP8. 

Regarding the exploitation of the ISS platform, this work is being addressed under WP6, 
in specific in task 6.4., where the innovation actions from WP5 are being guided by INESC 
TEC to develop a suitable exploitation plan. In this regard it is envisioned that the ISS 
platform develops its own exploitation plan independently from the other integrated 
applications. Since it is a modular system, although the ISS has integrated multiple 
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partners solutions for demonstration purposes in the addressed LLS, the ISS can 
potentially integrate other solutions and services and even work as an independent 
emergency management software solution. More related to the exploitation of the ISS 
platform results as well as of the integrated IAs will be addressed by the deliverables of 
WP6, in specific of task 6.4.  



 

92 
 

 
[1] Mendes M., et al. (2022). D5.1. Technical requirements and system architecture of 

the integrative software system. Innovative technologies and socio-ecological-
economic solutions for fire resilient territories in Europe. 
https://doi.org/10.5281/zenodo.7330664  

[2] Cardil A., et al. (2024). D5.5 EWE impact and risk estimation module. Innovative 
technologies and socio-ecological-economic solutions for fire resilient territories 
in Europe 

[3] Worldpop - Open Spatial Demographic Data and Research. Available at: 
https://www.worldpop.org/  

[4] SCIATRAN Program. Available at: http://www.iup.physik.uni-bremen.de/sciatran  
[5] Geoserver. Open source server for sharing geospatial data. Available at: 

https://geoserver.org/ 
[6] Mage. Open-source data pipeline tool for transforming and integrating data. 

Available at: https://www.mage.ai  
[7] EUMETSAT Cloud Top Height Product: Product guide. Available at: https://www-

cdn.eumetsat.int/files/2020 
07/Cloud%20Top%20Height%20Product_%20Product%20Guide.pdf 

[8] EUMETSAT Blended SEVIRI Convection area / LEO MW Convective Precipitation. 
https://hsaf.meteoam.it/Products/Detail?prod=h15  

[9] EUMETSAT Precipitation rate at ground by GEO/IR supported by LEO/MW IODC. 
Available at: https://hsaf.meteoam.it/Products/Detail?prod=H63  

[10] Copernicus Data and Services. Available at: https://forest-
fire.emergency.copernicus.eu/applications/data-and-services  

[11] Drought Code from the Fire Weather Index System. Available at: 
https://aqua.upc.es/anywhere-catalogue-v2/?product=drought-code#tab-
additional_information  

[12] H3 Geospatial Format. Available at: https://h3geo.org/docs/  
[13] J. Ramírez et al., “Wildfire Analyst: practical approach to operational wildfire 

simulation”, 5th Wildfire Conference, Sun City, South Africa, 2011. 
[14] J. Ramírez et al., “New approaches in fire simulations analysis with Wildfire 

Analyst”, 5th Wildfire Conference, Sun City, South Africa, 2011. 

[15] Filippi, J.B. Pialat, X. Clements, C., 2013, Assessment of FOREFIRE/MESONH for 
wildland fire/atmosphere coupled simulation of the FireFlux experiment, 
Proceedings of the Combustion Institute, 2013, 34 (2), pp.2633-2640. 
⟨10.1016/j.proci.2012.07.022⟩ 

[16] Ito A, Penner JE (2004) Global estimates of biomass burning emissions based on 
satellite imagery for the year 2000. J Geophys Res D Atmos 109:1–18. 
https://doi.org/10.1029/2003JD004423 

[17] Michel C, Liousse C, Grégoire JM, et al (2005) Biomass burning emission inventory 
from burnt area data given by the SPOT-VEGETATION system in the frame of 

https://doi.org/10.5281/zenodo.7330664
https://www.worldpop.org/
http://www.iup.physik.uni-bremen.de/sciatran
https://geoserver.org/
https://www.mage.ai/
https://www-cdn.eumetsat.int/files/2020%2007/Cloud%20Top%20Height%20Product_%20Product%20Guide.pdf
https://www-cdn.eumetsat.int/files/2020%2007/Cloud%20Top%20Height%20Product_%20Product%20Guide.pdf
https://www-cdn.eumetsat.int/files/2020%2007/Cloud%20Top%20Height%20Product_%20Product%20Guide.pdf
https://hsaf.meteoam.it/Products/Detail?prod=h15
https://hsaf.meteoam.it/Products/Detail?prod=H63
https://forest-fire.emergency.copernicus.eu/applications/data-and-services
https://forest-fire.emergency.copernicus.eu/applications/data-and-services
https://aqua.upc.es/anywhere-catalogue-v2/?product=drought-code#tab-additional_information
https://aqua.upc.es/anywhere-catalogue-v2/?product=drought-code#tab-additional_information
https://h3geo.org/docs/
https://doi.org/10.1029/2003JD004423
https://doi.org/10.1029/2003JD004423
https://doi.org/10.1029/2003JD004423


 

93 
 

TRACE-P and ACE-Asia campaigns. J Geophys Res D Atmos 110:1–15. 
https://doi.org/10.1029/2004JD005461 

[18] Lapina K, Honrath RE, Owen RC, et al (2006) Evidence of significant large-scale 
impacts of boreal fires on ozone levels in the midlatitude Northern Hemisphere 
free troposphere. Geophys Res Lett 33:1–4. 
https://doi.org/10.1029/2006GL025878 

[19] Kira O, Linker R, Dubowski Y (2016) Detection and quantification of water-based 
aerosols using active open-path FTIR. Sci Rep 6:1–11. 
https://doi.org/10.1038/srep25110 

[20] Lin C-H, Grant RH, Heber AJ, Johnston CT (2019) Application of open-path Fourier 
transform infrared spectroscopy (OP-FTIR) to measure greenhouse gas 
concentrations from agricultural fields. Atmos Meas Tech 12:3403–3415. 
https://doi.org/10.5194/amt-12-3403-2019 

[21] Rego FC., Rigolot E., Fernandes P., et al (2010) EFI Policy Brief. Brussels, Belgium 

[22] Simpson IJ, Rowland FS, Meinardi S, Blake DR (2006) Influence of biomass burning 
during recent fluctuations in the slow growth of global tropospheric methane. 
Geophys Res Lett 33:1–5. https://doi.org/10.1029/2006GL027330 

[23] Urbanski SP, Hao WM, Baker S (2008) Chapter 4 Chemical Composition of Wildland 
Fire Emissions. Dev Environ Sci 8:79–107. https://doi.org/10.1016/S1474-
8177(08)00004-1 

[24] van der Werf GR, Randerson JT, Giglio L, et al (2006) Interannual variability in global 
biomass burning emissions from 1997 to 2004. Atmos Chem Phys 6:3423–3441. 
https://doi.org/10.5194/acp-6-3423-2006 

[25] Veefkind JP, Aben I, McMullan K, et al (2012) TROPOMI on the ESA Sentinel-5 
Precursor: A GMES mission for global observations of the atmospheric 
composition for climate, air quality and ozone layer applications. Remote Sens 
Environ 120:70–83. https://doi.org/10.1016/j.rse.2011.09.027  

[26] Tactical Analyst, Technosylva software solution. Available at: 
https://technosylva.com/products/tactical-analyst/  

[27] Andreae, M. O. Emission of trace gases and aerosols from biomass burning–an 
updated assessment. Atmospheric Chemistry and Physics 19, 8523-8546 (2019). 

[28] Albini, F. A., & Reinhardt, E. D. Modeling ignition and burning rate of large woody 
natural fuels. International Journal of Wildland Fire 5, 81-91 (1995). 

[29] Bakels, L., et al. FLEXPART version 11: Improved accuracy, efficiency, and flexibility. 
Geoscientific Model Development 17, 7595-7627 (2024). 

[30] Clark, T. L., Coen, J., & Latham, D. Description of a coupled atmosphere–fire model. 
International Journal of Wildland Fire, 13, 49-63 (2004). 

[31] Mandel, J., Beezley, J. D., & Kochanski, A. K. Coupled atmosphere-wildland fire 
modeling with WRF-Fire version 3.3. Geoscientific Model Development Discussions 

https://doi.org/10.1029/2004JD005461
https://doi.org/10.1029/2004JD005461
https://doi.org/10.1029/2004JD005461
https://doi.org/10.1029/2006GL025878
https://doi.org/10.1029/2006GL025878
https://doi.org/10.1029/2006GL025878
https://doi.org/10.1038/srep25110
https://doi.org/10.1038/srep25110
https://doi.org/10.1038/srep25110
https://doi.org/10.5194/amt-12-3403-2019
https://doi.org/10.5194/amt-12-3403-2019
https://doi.org/10.5194/amt-12-3403-2019
https://doi.org/10.1029/2006GL027330
https://doi.org/10.1029/2006GL027330
https://doi.org/10.1016/S1474-8177(08)00004-1
https://doi.org/10.1016/S1474-8177(08)00004-1
https://doi.org/10.1016/S1474-8177(08)00004-1
https://doi.org/10.5194/acp-6-3423-2006
https://doi.org/10.5194/acp-6-3423-2006
https://doi.org/10.5194/acp-6-3423-2006
https://doi.org/10.1016/j.rse.2011.09.027
https://doi.org/10.1016/j.rse.2011.09.027
https://technosylva.com/products/tactical-analyst/


 

94 
 

4, 497-545 (2011).Sofiev, M., Ermakova, T., & Vankevich, R. Evaluation of the smoke-
injection height from wild-land fires using remote-sensing data. Atmospheric 
Chemistry and Physics 12, 1995-2006 (2012). 

[32] Wiedinmyer, C., Akagi, S. K., Yokelson, R. J., Emmons, L. K., Al-Saadi, J. A., Orlando, 
J. J., & Soja, A. J. The Fire Inventory from NCAR (FINN): A high resolution global 
model to estimate the emissions from open burning. Geoscientific Model 
Development 4, 625-641 (2011).  

[33] Wiedinmayer, C., et al. The Fire Inventory from NCAR version 2.5: an updated 
global fire emissions model for climate and chemistry applications. Geoscientific 
Model Development 16, 3873-3891 (2023). 

[34] Mendes M., et al. (2024). D5.2. Demonstration of an integrative system for 
estimating EWE risk and impact in real time with HR weather data” (IA 5.1). 
https://zenodo.org/records/14223205?preview=1&token=eyJhbGciOiJIUzUxMiJ9.e
yJpZCI6ImRmNjY3OTlkLTkyMDYtNDYwNC1iNjY3LTRhMDM2ODQ1M2M0YiIsImRh
dGEiOnt9LCJyYW5kb20iOiI5NzY4OWNhYjE2MDEwZTU2MDZkYzk5MWVjNTgwODY
zYiJ9.wuBuPWoWjpGec7qzvlrqjtnec3j0TCLJPxfNRr2JtuPCtV6riIT1-
dxjEmv1UZP4SJBSpnP6cVdN6C3TrLZkpg 

 

 

 

 

https://zenodo.org/records/14223205?preview=1&token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6ImRmNjY3OTlkLTkyMDYtNDYwNC1iNjY3LTRhMDM2ODQ1M2M0YiIsImRhdGEiOnt9LCJyYW5kb20iOiI5NzY4OWNhYjE2MDEwZTU2MDZkYzk5MWVjNTgwODYzYiJ9.wuBuPWoWjpGec7qzvlrqjtnec3j0TCLJPxfNRr2JtuPCtV6riIT1-dxjEmv1UZP4SJBSpnP6cVdN6C3TrLZkpg
https://zenodo.org/records/14223205?preview=1&token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6ImRmNjY3OTlkLTkyMDYtNDYwNC1iNjY3LTRhMDM2ODQ1M2M0YiIsImRhdGEiOnt9LCJyYW5kb20iOiI5NzY4OWNhYjE2MDEwZTU2MDZkYzk5MWVjNTgwODYzYiJ9.wuBuPWoWjpGec7qzvlrqjtnec3j0TCLJPxfNRr2JtuPCtV6riIT1-dxjEmv1UZP4SJBSpnP6cVdN6C3TrLZkpg
https://zenodo.org/records/14223205?preview=1&token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6ImRmNjY3OTlkLTkyMDYtNDYwNC1iNjY3LTRhMDM2ODQ1M2M0YiIsImRhdGEiOnt9LCJyYW5kb20iOiI5NzY4OWNhYjE2MDEwZTU2MDZkYzk5MWVjNTgwODYzYiJ9.wuBuPWoWjpGec7qzvlrqjtnec3j0TCLJPxfNRr2JtuPCtV6riIT1-dxjEmv1UZP4SJBSpnP6cVdN6C3TrLZkpg
https://zenodo.org/records/14223205?preview=1&token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6ImRmNjY3OTlkLTkyMDYtNDYwNC1iNjY3LTRhMDM2ODQ1M2M0YiIsImRhdGEiOnt9LCJyYW5kb20iOiI5NzY4OWNhYjE2MDEwZTU2MDZkYzk5MWVjNTgwODYzYiJ9.wuBuPWoWjpGec7qzvlrqjtnec3j0TCLJPxfNRr2JtuPCtV6riIT1-dxjEmv1UZP4SJBSpnP6cVdN6C3TrLZkpg
https://zenodo.org/records/14223205?preview=1&token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6ImRmNjY3OTlkLTkyMDYtNDYwNC1iNjY3LTRhMDM2ODQ1M2M0YiIsImRhdGEiOnt9LCJyYW5kb20iOiI5NzY4OWNhYjE2MDEwZTU2MDZkYzk5MWVjNTgwODYzYiJ9.wuBuPWoWjpGec7qzvlrqjtnec3j0TCLJPxfNRr2JtuPCtV6riIT1-dxjEmv1UZP4SJBSpnP6cVdN6C3TrLZkpg


 

 
 

 

 


