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Abstract: 

This document provides the second strategic research and standardisation agenda to improve fire and rescue 
capabilities in Europe. It is built on the cycle#2 of Fire-In project outputs. The corpus of the document is built as 
a policy brief, i.e. it is reduced to 20 pages, with extra material attached in appendix. 
In a first part, the document focuses on best practises identified by practitioners; in a second part, it focuses on 
research and publications; in a third part, on technology and innovations; and in a fourth part on 
standardization. Each part considers a) the challenges; b) the achievements and c) the way to follow. 
 
 

 

 

Keywords: Standardization, technologies, best practices, research, publications, future actions, achievements 

 
 

Disclaimer: 
This document is provided with no warranties whatsoever, including any warranty of merchantability, 
noninfringement, fitness for any particular purpose, or any other warranty with respect to any information, 
result, proposal, specification or sample contained or referred to herein. Any liability, including liability for 
infringement of any proprietary rights, regarding the use of this document or any information contained herein 
is disclaimed. No license, express or implied, by estoppel or otherwise, to any intellectual property rights is 
granted by or in connection with this document. This document is subject to change without notice. FIRE-IN has 
been financed with support from the European Commission. This document reflects only the view of the 
author(s) and the European Commission cannot be held responsible for any use that may be made of the 
information contained herein. 
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Executive Summary  

The FIRE-IN project is an initiative funded by the European Commission and initiated on the 1st of May 2017. 
FIRE-IN has been designed to raise the security level of EU citizens by improving the national and European 
Fire & Rescue (F&R) capability development process. FIRE-IN addresses the concern that capability-driven 
research and innovation in this area needs much stronger guidance from practitioners and better exploitation 
of the technology potentially available for the discipline. 

The purpose of this report is to synthetize and merge the results from the second cycle of FIRE-IN process, 
i.e.: 

a. The definition of capability challenges expressed by practitioners; 
b. The screening of existing resources to address the challenges; 
c. The feedback from research and technology providers regarding ability to bridge the gaps. 

As a result, the reports guides the European Commission on a second strategic research and standardization 
agenda that focuses on some key challenges to invest on. 

 

Table 1. FIRE-IN partners 

Participant 
No.  

Participant organisation name 
Part. short 

name 
Country 

1 Pôle de compétitivité SAFE CLUSTER (ex Pôle Pégase) SAFE France 

2 
Ecole Nationale Supérieure des Officiers de Sapeurs-
Pompiers – French National Fire Fighter Officers 
Academy 

ENSOSP France 

3 Italian Ministry of Interior, Department of Fire Corps CNVVF Italy 

4 Bundesanstalt Technisches Hilfswerk THW Germany 

5 Global Fire Monitoring Center GFMC Germany 

6 INERIS Development INEDEV France 

7 Fraunhofer INT FhG-INT Germany 

8 
Fire Ecology and Management Foundation Pau Costa 
Alcubierre 

PCF Spain 

9 Catalonia Fire Service Rescue Agency CFS Spain 

10 Scientific and Research Centre for Fire Protection CNBOP Poland 

11 The Main School of Fire Services SGSP Poland 

12 Council of Baltic Sea States Secretariat CBSS Sweden 

14 Center for Security Studies KEMEA Greece 

15 Czech Association of Fire Officers CAFO 
Czech 

Republic 

16 inno TSD inno France 
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The topics ‘data collection & pre-emergency and post-event’, ‘real-time data analytics’ and ‘use of data 
during an emergency event’ are mainly classified as yellow or green. This shows that the ongoing 
response in a disaster is researched and described comparatively often. Surprisingly, ‘pre-incident 
planning’ also has zero findings, especially as prevention and preparedness and also risk assessment 
were found more often. Training and exercise which can be seen as parts of pre-planning, are also 
marked yellow. Additionally, although in general new technologies are not being mentioned very 
often, this does not apply to robotics, unmanned vehicles and Geographic Information Systems (GIS). 
Those have a high quota in the abstract keyword search, which shows that they are the exemption, 
especially as they are already used quite often in current firefighting. 
In conclusion, there is ongoing, broad research in the field of response, whereas in the field of 
technologies and electronic tools and gadgets, there seem to be research gaps or at least a potential 
for further research.  
 

Table 2 Number of research articles from the database that matched the NIST keywords  

Keyword Amount Keyword Amount 
Communications Technology and Delivery Methods 

Remote Data Communications 
Technologies 

5 Emergency Responder Wireless 
Communications 

3 

Sensors as part of personal protective equipment: 
 

Sensory Support 1 Tracking and Location 6 

Wearable Technologies 3   

Mobile Sensors: 
 

Portable Equipment 4 Unmanned vehicles 24 

Robotics 49 Robotic application architecture 4 

Stationary sensors: 
 

Stationary Sensors 1   

Data collection & Pre-Emergency and Post-Event: 
 

Planning and analysis: 
 

Capability assessment 11 Inspection 8 

Vulnerability 85 Risk assessment 96 

Preparedness: 
 

Resource Deployment 14 Targeted Mitigation 2 

Training and Exercises 29   

Response: 
 

Routing 26 Mobile applications 39 

Field application 45 Evacuation 84 

Shelter 30 Mass Care 38 

Public Warning 27 Public notification 3 

Incident Resource Management 60 Multidisciplinary Coordination 3 

Operations Dashboard 2   

Hardware/Software: 
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Component Attributes 4 Certification Standards 1 

Interoperability 42 Interface Standards 2 

Scale of interoperability 8   

Real-Time data Analytics: 
 

Computer-based Simulation 3 Decision Theory 30 

Prevention and Preparedness 41 User experience 21 

Use of data during an emergency event: 
 

Geographic information systems (GIS) 106 Situational awareness 51 

Incident awareness 16 Stream and data management 13 

Visualisation 4   

Non-fire fighter data user applications: 
 

Alerting 3 Risk-Based inspection 9 

Emergency dispatch 5 Automatic intervention 1 

Manual intervention 1   

User Interface Delivery Methods: 
 

Gesture interface 2 Immersive / augmented reality 1 

Wearable computers 1 bio sensors 6 

Context aware and situational 
awareness 

8 Mobile devices 23 

Delivery methods 6 Human centered design 2 

Interface 66   

 
Table 3 shows the results of NIST keywords with no hits in our database. There are three likely causes 
for this fact: a) the keywords are too broad or too narrow, b) the database does not cover this field of 
research, or c) there is very little research currently being done in this area. Further differentiation 
between these causes is beyond the scope of this research.  
 

Table 3 Keywords from the NIST publication that did not match any research articles from the database 

Keyword Amount Keyword Amount 
Sensors as part of personal protective equipment: 
 

Physiological Monitoring and 
Measurements 

0 Electronic Textiles 0 

Mobile Sensors: 
 

Land-based vehicles 0 Air and water craft 0 

Data collection & Pre-Emergency and Post-Event: 
 

Preparedness: 
 

Pre-Incident Planning 0   

Response: 
 

Computer-Aided Dispatch 0 Automatic Vehicle Location 0 

In-Vehicle Applications 0   
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Use of data during an emergency event: 
 

Dashboards 0 Data and metadata repository 0 

Non-fire fighter data user applications: 
 

Mass and targeted Notification 0 Transportation: Routing and Signage 0 

User Interface Delivery Methods: 
 

Voice / speech interfaces 0 Eye Gaze 0 

Touch and Haptic Interfaces 0 Vibration interfaces 0 

Heads-up displays 0   

 

3.2.2. Qualitative Approach - First and second cycle results screened for 
future research remarks 

As mentioned above, the additional qualitative approach consisted in the first step of search queries 
regarding research gap remarks and indications (keywords: ‘research gap’, ‘future research’, ‘further 
research’, ‘research needed’, ‘research needs’, ‘research demand’). In the second step the resulting 
articles were acquired as full texts (if possible) and analysed qualitatively to extract hints to future 
research based on the content of the paper. In a third step the resulting compilation was categorized 
with meaningful captions which describe the content. In some cases, only one article formed the basis 
as it had a unique remark on future research needs or existing research gaps, in some cases several 
research articles had similar indications and thus were combined. This qualitative approach serves as 
an additional overview of research gaps regarding the challenges of firefighters. Interestingly this 
approach resulted in more non-technological fields of study and mostly showed research questions 
regarding ecosystem management, land use management, disaster risk management processes, 
communication and organizational aspects. The following table (table 4) represents an overview of the 
identified and categorized research gaps and needs. The appendix (see Appendix 3) holds a more 
comprehensive list with additional information such as quotes highlighting this research gap as well as 
the full reference of the respective paper(s). 
Additionally, manual search and qualitative examination of overview, review and meta-study articles 
has been conducted to supplement the findings with broad perspectives and in some cases more 
current papers than the first and second cycle screening. However, given the scope of the present 
deliverable, it could only be an addition to the already used dataset described above without being 
exhaustive. A broader and systematic qualitative study on this matter poses to be a research need in 
itself. 
 
 

Table 4 

Categories of research gaps and needs based on the qualitative analysis 
 
Need for projection standards and meaningful fire metrics 
 

Understanding wildfire fuel processes 
 

Development of DGVM-fire models and taking vegetation shifts into account 
 











http://cen-stair4security.eu/




http://no-fearproject.eu/
http://darenetproject.eu/
http://encircle-cbrn.eu/
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Development of DGVM-fire models 
and taking vegetation shifts into 
account 
 

“[…] evaluation and 
further developments of 
these models and of 
their fire and vegetation 
components, at both 
global and regional 
scales with different 
degrees of refinement, 
is certainly a good 
option to gain new 
understanding and 
better prediction 
capabilities of fire 
regimes.” (Dupuy et al. 
2020, p. 16) 

Dupuy, J.-L.; Fargeon, H.; Martin-
StPaul, N.; Pimont, F.; Ruffault, J.; 
Guijarro, M. et al. (2020): Climate 
change impact on future wildfire 
danger and activity in southern 
Europe: a review. In: Annals of 
Forest Science 77 (2), pp. 326. 
DOI: 10.1007/s13595-020-
00933-5. 
 

Assessing trends and shift in 
anthropogenic processes related to 
wildfires 
 

“Most projection studies 
do not account for the 
impact of fire 
management and socio-
economic drivers on fire 
activity.” (Dupuy et al. 
2020, p. 16) 
 
“There is also critical 
need to assess the 
impact of continued 
land abandonment that 
may foster increasingly 
large fires in nonfuel- 
limited environments. 
More generally, long-
term variations in 
human-driving fire 
influences need to be 
better understood.” 
(Dupuy et al. 2020, p. 
16) 

Dupuy, J.-L.; Fargeon, H.; Martin-
StPaul, N.; Pimont, F.; Ruffault, J.; 
Guijarro, M. et al. (2020): Climate 
change impact on future wildfire 
danger and activity in southern 
Europe: a review. In: Annals of 
Forest Science 77 (2), pp. 326. 
DOI: 10.1007/s13595-020-
00933-5. 
 

Assessing the effectiveness of fire 
control policies 
 

“It is of great 
importance to assess 
how the fire danger 
increase might affect 
the success of these 
policies […]” (Dupuy et 
al. 2020, p. 16) 
 

Dupuy, J.-L.; Fargeon, H.; Martin-
StPaul, N.; Pimont, F.; Ruffault, J.; 
Guijarro, M. et al. (2020): Climate 
change impact on future wildfire 
danger and activity in southern 
Europe: a review. In: Annals of 
Forest Science 77 (2), pp. 326. 
DOI: 10.1007/s13595-020-
00933-5. 

Dealing with uncertainties of 
wildfire management 
 

 Thompson, M. P.; Calkin, D. E. 
(2011): Uncertainty and risk in 
wildland fire management: a 
review. In: Journal of 
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environmental management 92 
(8), pp. 1895–1909. DOI: 
10.1016/j.jenvman.2011.03.015. 
 

Research on spatiotemporal 
dynamics and consequences of 
climate change 
 

“Spatiotemporal 
dynamics and the 
consequences of climate 
change also remain key 
areas of research, and 
the degree of 
uncertainty present in 
projections of 
alternative futures will 
no doubt influence how 
we characterize and 
prioritize future risk 
mitigation efforts.” 
(Thompson & Calkin 
2011, p. 1905) 

Thompson, M. P.; Calkin, D. E. 
(2011): Uncertainty and risk in 
wildland fire management: a 
review. In: Journal of 
environmental management 92 
(8), pp. 1895–1909. DOI: 
10.1016/j.jenvman.2011.03.015. 
 

Studies on Wildfire and Land-use as 
coupled system 
 

“We suggest that future 
research into fire and 
land use as a coupled 
system is necessary to 
provide pathways to a 
future where we co-
exist with fire as a 
natural process, and 
when possible, better 
plan how and where we 
build.” (Butsic et al. 
2015, p. 151) 

Butsic, V. ; Kelly, M.; Moritz, M. 

(2015): Land Use and Wildfire: A 

Review of Local Interactions and 

Teleconnections. In: Land 4 (1), 

pp. 140–156. DOI: 

10.3390/land4010140. 

 

Improvement of the use of Social 
Media 
 

Further research is 
needed to improve the 
use of social media 
during natural disasters, 
environmental 
disasters, and other 
environmental 
concerns. (Finch et al. 
2016) 
 
“Further research 
should aim to improve 
the use of social media 
in detecting and 
responding to 
environmental 
problems” (Finch et al. 
2016, p. 758). 
 

Finch, K. C.; Snook, K. R.; Duke, C. 
H.; Fu, K.-W.; Tse, Z. T. H.; 
Adhikari, A.; Fung, I. C.-H. (2016): 
Public health implications of 
social media use during natural 
disasters, environmental 
disasters, and other 
environmental concerns. In: 
Natural Hazards 83 (1), pp. 729–
760. DOI: 10.1007/s11069-016-
2327-8. 
 
Ripberger, J.T.; Jenkins-Smith, 
H.C.; Silva, C.L..; Carlson, D.E.; 
Henderson, M. (2014): Social 
media and severe weather: do 
Tweets Provide a valid indicator 
of public attention to severe 
weather risk communication? In: 



This project has received funding from the European Union’s Horizon 2020 Coordination and 
Support Action programme under grant agreement No 740575. 

740575 FIRE-IN D3.6 Final Strategic Research and Standardisation Agenda #2 

 
 

27 

“[…] future research can 
examine methods to 
create more accurate 
ways to interpret real-
time data from social 
media” (Finch et al. 
2016, p. 758; Ripberger 
et al. 2014; Rogstadius 
et al. 2013). 
 

Weather, Climate, Society 6, pp. 
520–530. doi:10.1175/WCAS-D-
13-00028.1 
 
Rogstadius, J.; Vukovic, M.; 
Teixeira, C. A.; Kostakos, V., 
Karapanos, E.; Laredo, J.A. 
(2013): CrisisTracker: 
crowdsourced social media 
curation for disaster awareness. 
In: IBM J Res Dev 57(4), pp. 1–4. 
doi:10.1147/ JRD.2013.2260692 
 

Understanding and Interpreting 
Weather Warnings 
 

“[…] research gaps 
include the topics of 
understanding, 
interpretation and use 
of weather warnings 
(e.g. Morss et al., 
2008).” (Kox et al. 2015, 
p. 293) 
 
“The survey results 
show that even within 
one specific group like 
emergency services the 
perceptions, needs and 
capabilities vary 
considerably.” (Kox et al. 
2015, p. 300) 
 
“More detailed research 
is needed in this field. 
Special attention should 
lie on addressing the 
consequences of 
weather and weather 
warnings.” (Kox et al. 
2015, p. 300) 
 

Kox, T.; Gerhold, L.; Ulbrich, U. 
(2015): Perception and use of 
uncertainty in severe weather 
warnings by emergency services 
in Germany. In: Atmospheric 
Research 158, pp. 292–301. DOI: 
10.1016/j.atmosres.2014.02.024. 
 

Information Sharing and 
Coordination in Multi-Agency 
Disaster Response 
 

“In addition, we 
discussed a number of 
directions of further 
research, including 
people’s inability to 
identify relevant 
information under 
pressure, the 
empowerment of and 
control by individuals 

Bharosa, N.; Lee, J.-K.; Janssen, 

M. (2010): Challenges and 

obstacles in sharing and 

coordinating information during 

multi-agency disaster response. 

Propositions from field exercises. 

In: Information Systems Frontiers 

12 (1), pp. 49–65. DOI: 

10.1007/s10796-009-9174-z. 
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and the redesign of 
information sharing 
processes.” (Bharosa et 
al. 2019, p. 63) 
 

 

Research on leadership in extreme 
events 
 

“[…] future research 
should determine how 
leaders identify and 
establish constraints, 
structures and 
opportunities that 
influence sense-making 
and performance at 
such critical points.” 
(Hannah et al. 2009, p. 
904) 
 
“It will be important for 
future research to 
explore differences in 
effects based on 
conditions such as: 1) 
where the leader only is 
at risk (e.g., the leader is 
a bomb expert or 
hostage negotiator and 
moves his team to safety 
but goes in himself to  
diffuse a 
bomb/situation), 2) 
where followers only are 
at risk (e.g., the general 
in the command post 
directing attacking 
units), 3) where both 
leader and followers are 
at risk (e.g., a SWAT 
leader enters a house 
with his squad), and 4) 
where only 
civilians/clients/ 
patients are at risk (e.g., 
an emergency room 
doctor who is not 
personally at risk but the 
patient is; or a disaster 
relief worker that 
responds to a disaster 
after the major risk has 
subsided). These aspects 

Hannah, S. T.; Uhl-Bien, M.; 
Avolio, B. J.; Cavarretta, F. L. 
(2009): A framework for 
examining leadership in extreme 
contexts. In: Leadership 
Quarterly 20 (6), pp. 897–919. 
DOI: 
10.1016/j.leaqua.2009.09.006. 
 
Boin, A.; T’Hart, P.; McConnell, 

A.; Preston, T. (2010): Leadership 

style, crisis response and blame 

management. The case of 

Hurricane Katrina. In: Public 

Administration 88 (3), pp. 706–

723. DOI: 10.1111/j.1467-

9299.2010.01836.x. 
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of exposure to risk may 
contextualize leadership 
dynamics in unique 
ways, which in total 
have not yet been 
explored in the 
leadership literature.” 
(Hannah et al. 2009, p. 
907) 
 
“Because extreme 
events often involve 
complexity dynamics, 
the study of how leaders 
and followers process 
and make sense of 
complexity in extreme 
and ill-defined contexts 
will be a useful area of 
future research” 
(Hannah et al. 2009, p. 
911) 
 
“Future research will be 
important to then 
investigate the inherent 
tensions between the 
adaptability required of 
organizations at the 
direct, tactical level, and 
the needs for 
administrative control at 
higher levels of the 
organization in which 
they are embedded.” 
(Hannah et al. 2009, p. 
913) 
 
“An important avenue of 
research would be to 
explore various 
leadership style types 
across various types of 
crises to further 
examine the 
hypothesized 
relationships between 
style, political 
management strategy, 
and the political and 
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policy impacts of crises.” 
(Boin et al. 2010, p. 720) 

Research on spontaneous 
Volunteering in Disaster 
Management / Community 
Involvement 
 

“Future research could 
consider the 
applicability of our 
model to other 
international and 
volunteering contexts” 
(Harris et al. 2017, p. 
368) 
 

Harris, M.; Shaw, D.; Scully, J.; 
Smith, C. M.; Hieke, G. (2017): 
The Involvement/Exclusion 
Paradox of Spontaneous 
Volunteering. New Lessons and 
Theory From Winter Flood 
Episodes in England. In: 
Nonprofit and Voluntary Sector 
Quarterly 46 (2), pp. 352–371. 
DOI: 
10.1177/0899764016654222. 
 

Intergovernmental and 
interorganizational cooperation 
 

“Future research can 
focus more on specific 
task-related networks 
such as networks in 
donation collection and 
management, networks 
in immediate recovery, 
and networks in law 
enforcement-related 
activities.” 
 
“Among them is the lack 
of electronic 
information 
sharing tools as well as 
the lack of collaboration 
frameworks 
detailing roles and 
responsibilities in 
interorganizational 
response settings. 
Continuing research on 
this topic 
by adding more in-depth 
research on the 
identified issues, 
and by extending the 
scope to further 
organizations and 
states, will enable the 
development of 
concrete suggestions 
for enhancing 
interorganizational 
response settings.” 

Kapucu, N.; Arslan, T.; Collins, M. 
L. (2010): Examining 
Intergovernmental and 
Interorganizational Response to 
Catastrophic Disasters:Toward a 
Network-Centered Approach. In: 
Administration & Society 42 (2), 
pp. 222–247. DOI: 
10.1177/0095399710362517. 
 
Berchtold, C.; Vollmer, M.; 
Sendrowski, P.; Neisser, F.; 
Müller, L. & S. Grigoleit (2020): 
Barriers and Facilitators in 
Interorganizational Disaster 
Response: Identifying Examples 
Across Europe. In: International 
Journal of Disaster Risk Science 
11, pp. 46-58. 
https://doi.org/10.1007/s13753-
020-00249-y 
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(Berchtold et al. 2020, p. 
57) 

Organizational resilience towards 
extreme weather events 
 

“Further research is 
required to understand 
how organizations can 
best manage for 
resilience to extreme 
weather events by 
altering underlying 
features of the 
organization, including 
its resources, 
capabilities and 
organizational 
ideologies.” 
(Linnenluecke et al. 
2010, p. 28) 
 
“Further research is also 
required to understand 
whether there are 
underlying mechanisms 
of resilience that are 
transferable to 
organizations in 
different sectors or 
contexts.” 
(Linnenluecke et al. 
2010, p. 28)  

Linnenluecke, M. K.; Griffiths, A.; 
Winn, M. (2012): Extreme 
Weather Events and the Critical 
Importance of Anticipatory 
Adaptation and Organizational 
Resilience in Responding to 
Impacts. In: Business Strategy 
and the Environment 21 (1), pp. 
17–32. DOI: 10.1002/bse.708. 
 

Community involvement and the 
role of the private sector in building 
disaster resilience  
 

“New research could 
also explore private 
sector involvement from 
the perspective of 
communities and 
community members. 
What balance of 
government and private 
sector involvement do 
communities and 
community 
members prefer? What 
roles are communities 
comfortable with firms 
playing and which ones 
are less welcome? This 
would involve a deeper 
understanding of what 
factors drive 
communities to be 
better prepared for 

McKnight, B.; Linnenluecke, M. K. 
(2016): How Firm Responses to 
Natural Disasters Strengthen 
Community Resilience. A 
Stakeholder-Based Perspective. 
In: Organization & Environment 
29 (3), pp. 290–307. DOI: 
10.1177/1086026616629794. 
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disaster.” (McKnight & 
Linnenluecke 2016, p. 
302) 

Research on supply chains of non-
profit organizations in crisis 
management 
 

“There is a need for 
more case studies and 
empirical research in 
crisis management for 
not-for-profit supply 
chains.” 
(Natarajarathinam et al. 
2009, p. 547) 
 
“Greater strategic 
planning to explicitly 
include aspects of cross-
sector collaboration is 
necessary generally” 
(Simo & Bies 2007, p. 
140) 
 

Natarajarathinam, M.; Capar, I.; 
Narayanan, A. (2009): Managing 
supply chains in times of crisis. A 
review of literature and insights. 
In: International Journal of 
Physical Distribution & Logistics 
Management 39 (7), pp. 535–
573. DOI: 
10.1108/09600030910996251. 
 
Simo, G.; Bies, A. L. (2007): The 
role of nonprofits in disaster 
response. An expanded model of 
cross-sector collaboration. In: 
Public Administration Review 67, 
pp. 125–142. DOI: 
10.1111/j.1540-
6210.2007.00821.x. 

Establishing trust in Media 
Communications 
 

“Further empirical and 
quantitative studies 
could investigate ways 
to develop and maintain 
trust where parties’ 
agendas compete and in 
environments where the 
media are increasingly 
interactive.“ (McLean & 
Power 2014, p. 322) 

McLean, H.; Power, M. R. (2014): 
When minutes count. Tension 
and trust in the relationship 
between emergency managers 
and the media. In: Journalism 15 
(3), pp. 307–325. DOI: 
10.1177/1464884913480873. 
 

Situational Awareness Tools 
 

“[…] further research 
and development work 
in this direction can 
eventually lead to such 
systems being regularly 
used in disaster 
response and 
management.” (Mohsin 
et al. 2016, p. 323) 

Mohsin, B.; Steinhaeusler, F.; 
Madl, P.; Kiefel, M. (2016): An 
Innovative System to Enhance 
Situational Awareness in Disaster 
Response What are End Users 
Looking for in Such Systems. In: 
Journal of Homeland Security and 
Emergency Management 13 (3), 
pp. 301–327. DOI: 
10.1515/jhsem-2015-0079. 
 

  








