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Map functions to facilitate situational awareness during emergency events
Tomasz Opach a, Jan Ketil Rød a and Bjørn Erik Munkvold b

aDepartment of Geography, Norwegian University of Science and Technology, Trondheim, Norway; bDepartment of Information Systems, 
University of Agder, Kristiansand, Norway

ABSTRACT
Emergency events such as floods and wildfires are handled by various responders and at various 
levels: strategic, tactical, and operational. To facilitate situational awareness, emergency respon-
ders require customized map-based decision support systems that are tailored to specific needs 
depending on the responders’ organizational affiliation, role, objectives, and occupationally spe-
cific knowledge. As a result, the systems are equipped with manifold map functions. However, the 
diversity of map-based emergency tools in use impedes gaining common user skills among their 
target audiences and thus, requires a systematic overview. Through a multistep research process, 
this study was to: investigate the requirements for support from map-based tools expressed by 
various emergency responders in Norway, identify desired map functions, and categorize those 
functions to facilitate an overview. Six stages constituted our workflow: meetings with Norwegian 
emergency responders, survey on selected map-based tools, interviews with designers and users 
of tools, a table-top exercise, theoretical considerations, and validation with stakeholders. This 
study contributes to the state of the art by systematizing and structuring knowledge about map 
functions that facilitate situational awareness. In turn, it helps developing and optimizing function-
ality of map-based tools depending on needs of specific emergency responders.
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Introduction

To develop situational awareness, i.e. to know what is 
going on during a crisis situation (Endsley, 1995), 
responders use emergency map-based decision support 
systems (Fertier et al., 2020) often called common opera-
tional picture (COP) tools (Baber et al., 2013; Hwang & 
Yoon, 2020). Those tools support decision-making pro-
cesses by displaying relevant information such as events’ 
geographic positions and resources of engaged emer-
gency actors. COP tools also provide specific map func-
tions such as searching for the closest available 
emergency vehicle or showing address points located 
within a hazard-prone area. Therefore, such tools encom-
pass solutions of diverse functionality and design that 
enable emergency responders to address assigned tasks.

Although map-based COP tools facilitate getting 
situational awareness necessary for efficient decision- 
making during crisis situations, the diversity of such 
tools regarding software producers, technologies used, 
and versions of graphical user interfaces, impedes gain-
ing common user skills among their target audiences 
and thus, hinders efficient collaboration between emer-
gency responders (Antkiewicz et al., 2009). Efficient 

COP tools help solve tasks that differ from one another 
in terms of such aspects as emergency event type, emer-
gency responder’s level of engagement, as well as the 
responder’s role and use of own resources. However, 
despite the differences, map-based COP tools share 
similar map functions.

Studies that concern the needs of the users of COP 
tools regarding map functions are sparse, fragmented in 
the literature, and often not directly referring to the 
term of COP (Wu et al., 2013). Moreover, map func-
tions are not considered systematically and comprehen-
sively, from the GIScience perspective. Therefore, this 
research set out to systematize knowledge about map 
functions provided in map-based decision support sys-
tems for emergency response. We focused on the needs 
of emergency responders in Norway with the assump-
tion that our findings could be transferred to other 
geographic contexts worldwide. We posed two research 
questions: 

(RQ1): What are the requirements for support from 
map-based emergency systems expressed by emergency 
responders?
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(RQ2): What are the functions of map-based emer-
gency systems most desired by emergency responders 
during their tasks?

Furthermore, two practical objectives resulted from the 
formulated research questions. First, to make an inven-
tory of map functions of importance to map-based 
emergency support systems. Second, to group identified 
functions into categories to facilitate gaining their com-
prehensive overview.

This study was motivated by the need for an 
understanding of the support of map-based tools 
for emergency management. Stakeholders expressed 
such a need during a workshop that we organized in 
Oslo in October 2019 (Opach et al., 2020). In 
Norway, implementation of the command and con-
trol structure within emergency response diverges 
from military structures. Thus, emergency respon-
ders are not managed through a centralized admin-
istration, instead emphasizing the role of local 
decision-making and delegated authority, often 
including voluntary resources and semiprofessional 
rescue personnel. While the police are mainly 
responsible for command and control at the opera-
tional and tactical levels, emergency response can see 
a wide variation in participants, particularly in rural 
areas where available resources may be sparse. The 
systematic integration of voluntary resources, 
coupled with a decentralized administration, creates 
a set of challenges when it comes to ensuring that 
stakeholders have access to map-based tools and 
geographic data needed to develop situational aware-
ness. The use of different software systems and the 
lack of inter-organizational data access, particularly 
across the professional-voluntary divide, has been 
among the factors limiting efficient sharing of infor-
mation during emergencies (Grottenberg & Njå,  
2017). These difficulties give a compelling argument 
for establishing a common set of dedicated capabil-
ities across organizations – “common operational 
functionality” (Chmielewski & Gałka, 2009). 
Therefore, a question arose as to what map functions 
a map-based COP tool should be equipped with to 
effectively support diverse emergency responders 
during their operations.

Related work

Cartographic communication for situational 
awareness

Although the concept of situational awareness has been 
extensively elaborated in the literature (Endsley, 1995; 

Hwang & Yoon, 2020; Luokkala et al., 2017; Steen-Tveit 
& Munkvold, 2021), its interpretation differs between its 
application areas (Blandford & Wong, 2004). Typically, 
situational awareness is acquired through the access to 
operational, tactical, and strategic information whose 
visual representations are provided as a common opera-
tional picture, i.e. COP (Hwang & Yoon, 2020; McNeese 
et al., 2006). Regarding the latter concept, there is no 
univocal definition of COP. Steen-Tveit and Munkvold 
(2021) confirm the opinion of McNeese et al. (2006) that 
among emergency responders, COP is typically under-
stood as a map interface that represents objects visible 
during an emergency situation. In turn, common situa-
tional understanding is a common interpretation of 
such a visual information. Therefore, one may assume 
that common situational understanding is a stage 
achieved after the comprehension of the information 
provided in a map-based COP tool that leads to the 
shared situational awareness necessary for an efficient 
collaboration between stakeholders from different agen-
cies (Seppänen et al., 2013).

The above linkages between the three concepts of 
COP, common situational understanding, and situa-
tional awareness, and the key role of maps, resemble 
the relationships between the elements in the commu-
nication process of cartographic information (Kolačny,  
1969). Typically, five steps constitute the cartographic 
communication process. Reality (Figure 1, step 1) is 
perceived by a mapmaker, who prepares adequate geo-
graphical data (2) and encodes the data visually when 
elaborating a map (3). The map is next read (visually 
decoded) by the user who develops a certain level of 
understanding by linking the information shown on the 
map with the knowledge previously acquired (4). 
Finally, the user interprets the information to create 
his/her own mental image of the reality (5). 
Additionally, in the context of modern highly interac-
tive exploratory map-based tools such as those with 
coordinated multiple views (Wu et al., 2013), the map 
reading process between step 3 and 4 can be supple-
mented by the sense making loop (elements in green in 
Figure 1) for exploratory data analysis (Pirolli & Card,  
2005). In this loop, the user applies various map func-
tions and adapts map representations to investigate map 
content. Next, the information read from the map is 
schematized and explored during the sense making pro-
cess (to comprehend information). Then, if something 
is still unclear and needs deeper investigations, the user 
returns to step 3, to search for extra evidence. These 
actions can be repeated until the user acquires necessary 
comprehension.

As shown in the right panel of Figure 1 (elements in 
red), the concepts of COP, common situational 

2 T. OPACH ET AL.



understanding, and situational awareness that lead to the 
comprehension of emergency situation, correspond with 
the concepts shown in the left part of Figure 1, i.e. map, 
map understanding, and user’s image of the reality, 
respectively, of the cartographic communication process. 
Furthermore, in the latter process, there is a gap between 
the user’s mental image of the reality (step 5 in Figure 1) 
and the mapmaker’s understanding (step 1). This gap is 
typically caused by the loss of information during the 
cartographic communication process (Ratajski, 1978). 
Similarly, situational awareness is never fully compre-
hensive and complete and there is always some missing 
information (Hwang & Yoon, 2020). This happens due 
to various reasons such as inefficient communication 
between participating agents (Hwang & Yoon, 2020; 
Steen-Tveit & Munkvold, 2021), organizational habits 
and routines, pressure of time and stress (Kuvedžić 
Divjak & Lapaine, 2014), inappropriately designed deci-
sion support systems (Blandford & Wong, 2004), or the 
uncertainties of crowdsourced or VGI data contributed 
by the general public during an emergency that may be 
incorporated into COP systems. For instance, during 
a given emergency event such as a wildfire, engaged 
responders often encounter the problem of location 

uncertainty (Steen-Tveit & Munkvold, 2021). This issue 
can be considered in the context of the five steps of the 
process of cartographic communication. Various respon-
ders have different needs regarding the accuracy of 
address information (steps 1 and 2 in Figure 1) and 
thus, on the maps, prioritize different aspects (step 3) 
that lead to responded-specific situational awareness, it 
means, users’ image of the reality (steps 4 and 5). 
Therefore, the question to be posed is what map func-
tions a tool should be equipped with to facilitate acquir-
ing situational awareness that represents the crisis 
situation as accurately as possible, and also, to avoid 
overloading the tool cognitively (Bunch & Lloyd, 2006).

Map functions of emergency tools

With rich geographic data and extensive functionality, 
map-based COP tools resemble geographic information 
systems (Grottenberg & Njå, 2017; McNeese et al.,  
2006). An essential map function of COP tools is to 
display multifaceted geographic information such as 
operational data as a primary layer and a basemap in 
the background. What is important for users is to 
change map scale and projection as well as modify 

Figure 1. Similarities between the process of comprehension of an emergency situation and the process of cartographic 
communication.
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cartographic representation (Kuvedžić Divjak & 
Lapaine, 2014). By applying various geographic visuali-
zation techniques users can adapt the map to specific 
needs, e.g. a road map can be shifted to street view or to 
3D view. Another essential map function of COP tools is 
map sharing for collaborative decision-making. A good 
example is the study by Wu et al. (2013) who built 
a dual-map visual interface consisting of a personal 
(role-specific) map and a shared (team) map. Further, 
this combination was equipped with an interactive 
annotation tool to add comments and a sketching tool 
to draw graphs on the personal and the shared map.

Map-based COP tools differ in terms of offered func-
tionality. While some tools provide a map equipped 
with basic interactive functions, others offer rich func-
tionality built in a map display assisted with auxiliary 
visual components such as a timeline or a reporting 
panel (Luokkala et al., 2017). Different levels of func-
tionality are caused by diverse requirements regarding 
operational tasks supported by COP tools. If a given 
COP tool supports emergency scenarios relevant for one 
emergency responder only, required functionality can 
be planned through the tool’s co-design process enga-
ging representatives of that responder. However, if 
a COP tool is to be used by several emergency respon-
ders, then, required functionalities need to be negotiated 
between potential users. Such negotiations are necessary 
to determine a balance between a general level of essen-
tial functionality included in COP tools for emergency 
management and specific interactive functions 
requested by some responders, but likely to generate 
confusion to other responders.

Requirements regarding map functions of 
emergency tools

COPs for emergency response resemble other decision 
support systems that employ map displays, such as those 
used in the control of air traffic (Pfeiffer et al., 2015) or 
power supply (Lu et al., 2020). Therefore, in the design 
of map-based COP tools, developers follow approaches 
like those used in the design of other map-based deci-
sion support systems (Kuvedžić Divjak & Lapaine,  
2014). The latter are often designed to support specific 
tasks that are grouped into various task taxonomies 
(Gotz & Zhou, 2009). Such taxonomies facilitate opti-
mizing tool functionalities since they can help assign 
adequate interactive functions to desired tasks to be 
supported, and thus, can help fulfill user needs. 
Equipping decision support tools with map functions 
is appreciated by target users, and therefore, following 
the user-centric design approach is a common strategy. 
In the context of COP, Balakrishnan et al. (2009) 

investigated the performance of specific functions: 
a layer management function and a spatially annotated 
chat. Their qualitative evaluation concerned user- 
centric problems related to human-computer interac-
tion to support group work and the impact geo-tools 
have on group work. Cartographic literacy is another 
aspect to be considered when designing COP map- 
based interfaces with a user-centric approach. Such 
interfaces, if well-designed, can facilitate communica-
tion of geographical information in crisis situations 
(Kuvedžić Divjak & Lapaine, 2014).

Various responders have different tasks, capabilities, 
and resources, and thus, different requirements regard-
ing COP tools. Hence, emergency actors vary in how 
they display adequate information on map-based visual 
interfaces and use the interfaces’ functionalities to per-
form designated tasks (Friedmannová, 2010). A good 
example is the system by Locus Public Safety (Furland,  
2013) that have two versions, one for the Norwegian fire 
service (TransFire), and one of the Norwegian medical 
service (TransMed). Both versions share the same lay-
out; however, they differ in terms of provided function-
ality. Furthermore, while emergency information is 
often displayed on maps tailored to large wall displays, 
some actors also use desktop solutions or portable 
devices with small screens. Additionally, at an intera-
gency level, responders process and utilize each other’s 
professional expertise to achieve greater situational 
awareness in terms of common situational understand-
ing. Finally, some information for the COP may be 
provided by the public who expects to be kept informed 
about how the situation develops.

All aspects highlighted above make designing map 
functions for emergency map-based interfaces challen-
ging. A wide range of emergency management stake-
holder involvement is critical for the effective 
development of emergency tools for situational aware-
ness. It may be also necessary to provide different levels 
of access to emergency information and map functions, 
separately for various emergency responders, for the 
third-party actors such as local decision-makers, and 
lastly, for the public.

Methods

We used a combination of methods to identify the 
requirements for support from map-based emergency 
systems and to gain an empirical evidence about map 
functions desired by emergency responders. Our efforts 
were divided into six steps (Figure 2). In step 1, we 
organized two stakeholder meetings and conducted 
two interviews with software producers (Table S1 in 
supplemental online material) to identify challenges of 
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the operational support of COP map-based tools and 
determine research issues. Step 1 directed our attention 
toward map functions when surveying, in step 2, ten 
COP map-based interfaces (Table 1) in use by selected 
emergency responders in Norway. Such a survey was 
necessary to gain a comprehensive understanding of the 
functionality (i.e. supported use case scenarios) of exist-
ing tools. Regarding the constraints of the survey, our 
efforts were impeded by the limited accessibility and 
insufficient documentation of several tools. For exam-
ple, while Avinet’s solutions were available for free 
examination, tools by Locus Public Safety did not have 
trial versions. In such cases, our survey was based on 
software demonstrations, documentation, and promo-
tional videos and presentations. Continuous software 
improvement and update was another issue that hin-
dered the survey, as sometimes, published software 
descriptions did not correspond with the software’s 
most recent versions.

The first round of meetings and interviews in step 1, 
and the survey in step 2, influenced how we, in step 3, 

structured further interviews with users of COP tools 
and arranged following meetings with providers of 
such tools (Table S2 in supplemental online material). 
As a result, step 3 enabled us to determine require-
ments regarding map functions and their combina-
tions implemented in COP tools. In turn, the results 
of the survey as well as the outcomes of the meetings 
and interviews in step 3 were used to design and con-
duct a table-top exercise in step 4. The exercise was 
organized in spring 2021 and included three simulta-
neous forest fires. Participants were expected to share 
their operational information using a common map- 
based system. In all three fire scenarios, critical infra-
structure such as electricity supply was threatened and 
in one case, a hospital was also affected by smoke. In 
total, approximately 70 participants from 20 agencies 
and organizations took part in the exercise. The exer-
cise facilitated highlighting map functions essential for 
supporting emergency work practices related to situa-
tional awareness as well as eliciting potential 
shortcomings.

Figure 2. The workflow of the research process.

Table 1. Map-based tools included in the survey.
Name Service users and vendors Accessibility and comments

TransMed Medical service, 
Locus Public Safety

There is no free version of the tool, various versions of the system are 
in use

TransFire Fire service, 
Locus Public Safety

There is no free version of the tool, various versions of the system are 
in use

Tellus Police, 
Locus Public Safety/Geodata

There is no free version of the tool

SARTopo Search and rescue operations, 
CalTopo

Various license options

CIM Various users, 
F24

Various implementations and integrations, for example, kystcim.no 
or dsb-cim.no

KystInfo Kystverket (The Norwegian Coastal Administration), 
Asplan Viak Internet (AVINET)

Freely available 
https://kart.kystverket.no/

KystInfo 
Beredskap

Kystverket (The Norwegian Coastal Administration), 
Asplan Viak Internet (AVINET)

Tool available for registered users 
https://beredskap.kystverket.no/

DSB Kart DSB (The Norwegian Directorate for Civil Protection), 
Asplan Viak Internet (AVINET)

Freely available 
https://kart.dsb.no/

BarentsWatch  
Arealverktøy

Kystverket (The Norwegian Coastal Administration), 
Asplan Viak Internet (AVINET)

Freely available 
https://kart.barentswatch.no/

NOFO COP 
Oljevern

NOFO (The Norwegian Clean Seas Association for Operating 
Companies), 
Asplan Viak Internet (AVINET)

Tool available for registered users 
https://cop.nofo.no/
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In step 5, we used the findings from the empirical 
material collected in steps 1–4 to propose a conceptual 
framework and an inventory of map functions essential 
for emergency responders. In our considerations, we 
referred to the theory of cartographic communication 
(Kolačny, 1969; Ratajski, 1978). Additionally, the pro-
posed map functions were divided into those of impor-
tance to the common operational picture, and those 
contributing to the new concept of the common situa-
tional picture. Next, in step 6, a preliminary list of map 
functions along with their categorization were validated 
with stakeholders. To this aim, semi-structured inter-
views (see supplemental online material for the guide) 
were conducted to ask about: (1) our proposal with the 
two categories of map support tools for emergency 
management, (2) identified map functions for decision 
support in emergency management, and (3) map func-
tions for common operational picture and those for 
common situational picture.

The results of steps 1–5 are reported in the following 
section. Whereas the interviews performed in step 6 
along with the revised list of map functions are 
described in the validation section.

Results

The first round of stakeholder meetings and 
interviews

Participants of the Oslo workshop (see Table S1 in 
supplemental online material) identified adequate func-
tionality as one of the most important aspects of the 
design of map-based emergency tools. They suggested 
arranging a list of predefined interactive analytical map 
functions and a joint map repository for all Norwegian 
emergency map services. They also pointed out that 
sharing the same map-based interface across different 
agencies at a national level can help avoid misunder-
standings caused by inconsistencies among various 
tools. Some participants argued that it is important to 
have a map-based interface for “drill-down” and to have 
“various perspectives” such as satellite-night-sea, sea 
level view, and aerial imagery.

In turn, map functions of importance to COP tools 
for marine traffic and oil spills were in focus during the 
meeting with a representative of the Norwegian Coastal 
Administration (NCA) (Table S1). The primary tool of 
NCA, i.e. Kystinfo, integrates background maps with 
thematic overlays and situational data such as real- 
time observations and positions of engaged resources. 
As the representative claimed, Kystinfo provides multi-
ple map functions, e.g. it displays weather forecasts, 
provides drift analysis, enables information sharing 

and accessing remote sensing data from boats, aircrafts, 
and drones.

Regarding the interviews (Table S1), map functions 
implemented in the command post tools offered by 
Locus Public Safety, are tailored to organizational 
responsibilities and the workflows of the respective 
agencies. However, a tool development is a multistage 
process with mutual interaction between user groups 
and system designers and, as the interviewee put it “it is 
very rare that something that is really good comes 
without a proper effort.” Similar feedback was gained 
during the interview with a representative of the 
Avinet company that delivered several map-based 
decision support tools for directorates, county gover-
nors, and county councils in Norway. As the intervie-
wee said, Avinet develops map-based interfaces based 
on specific requests and the tool development process 
is typically stepwise and requires continuous colla-
boration with the customer. Avinet’s tools are used, 
for example, in exercises and, along with exercise cus-
tomization, modification needs arise. As the intervie-
wee put it “together we find a solution.” This means 
that over a development process the functionality 
evolves based on specific needs that are reflected in 
offered interactive functions.

Survey of map-based COP tools

Tools for emergency responders engaging own 
resources
Conveying mission-relevant information and ensuring 
the fastest possible response time is the most essential 
purpose of tools used by medical service, fire service, 
and the police, i.e. TransMed, TransFire, and Tellus, 
respectively (see Table 1). In principle, these tools are 
used to perform day-to-day operations by responders 
who engage own resources and whose responsibilities 
and tasks are strictly determined by regulations 
(Grottenberg & Njå, 2017; Steen-Tveit & Munkvold,  
2021). For example, TransMed helps answering where 
the patient is, what resources are nearby, and how to get 
the resources and send them out. In general, TransMed 
as well as TransFire and, in particular, Tellus, support 
effective mission management such as resource moni-
toring and directing allocation of resources to an assign-
ment in the map, i.e. searching for nearest available 
resources to be sent to an emergency event. Therefore, 
those tools implement an extensive proximity analysis 
functionality. Regarding other functions, route calcula-
tion and driving description, and analysis of response 
time areas and driving range, are essential map func-
tions to support decision-making during operational 
tasks.
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Rich functionality causes that the multi-view layout is 
a common feature of tools of responders that engage 
own resources. The main display with various back-
ground maps is typically accompanied by other maps 
(e.g. a subset map with resource overview or a new 
address search map) and visual components such as 
timeline panels and tables. The latter can list engaged 
resources to help engaged agencies integrate and analyze 
critical information and monitor individual activities. 
While maps show status and positions of emergency 
vehicles, points of interests, and emergency events, 
tables contain information about selected objects and 
communication logs. Hence, multiple views aid deci-
sion-making as well as group activity awareness.

While TransMed and TranFire share similar design 
and functionality, Tellus that is used by the police, offers 
more extensive map functions. This system was intro-
duced to replace Geopol with a tool richer in analytical 
capabilities (Inderhaug, 2018). Therefore, Tellus, apart 
from the typical operational map functions such as 
resource monitoring and assignment management, 
offers functions known from GIS software. Examples 
include viewshed analysis, dispersion analysis, analysis 
of human spatial behavior, density analysis, or buffer 
analysis.

Tools for coordination and getting insight into 
a situational context
Most of the tools that contribute to the second category 
are built using the same Avinet Adaptive platform for 
web GIS and web mapping. Therefore, although 
KystInfo, DSB Kart, BarentsWatch Arealverktøy, and 
NOFO COP Oljevern (see Table 1) differ regarding 
target audiences, they all share similar layout and offer 
similar map functions. For example, the tools enable 
displaying various map backgrounds, overlays and the-
matic content, measuring distances and areas, filtering 
data, and selecting objects on the map. Moreover, the 
considered tools enable drawing objects on a map that 
can be saved and shared with other system users.

Tools from the second category consist of a map 
window accompanied by a function panel and a table. 
Besides, they all offer functionalities typical for web GIS 
services, in which three groups of user tasks are feasible, 
i.e. data display, data creation and data analysis. 
Therefore, the analysis of the Avinet products resulted 
in identifying a number of map functions and grouping 
them into those that enable users to display and share 
data (e.g. “layer manager” to manipulate map content 
and “playback” to get insight into changes over time), 
those for the creation of geographical data (e.g. “draw” 
to create point, line, or polygon features and “user data” 
to upload own data to the tool), and analytical functions 

(e.g. “comparison” to compare various timestamps of 
the same dataset and “layer filtering” to selectively cus-
tomize data to be displayed).

Although CIM and SARTopo are assigned to 
the second group, they are of different nature. 
SARTopo is used for rescue mission management and 
planning and is modest regarding map functions in 
comparison with Avinet’s tools. It consists of a map 
display where operational information such as team 
positions, assigned or planned tasks, and POIs are 
showed on the background of satellite images or the-
matic maps. In turn, CIM is a system for crisis and 
incident management, to coordinate tasks at various 
phases of an emergency event. Various implementations 
of CIM, e.g. kystcim.no or dsb-cim.no, integrate 
a simple map component with basic functions only, 
such as displaying point symbols or drawing objects 
on a map.

The second round of stakeholder meetings and 
interviews

In the second round of interviews and meetings, the 
chief of the map division in the administration of one 
of the Norwegian counties (Table S2) emphasized the 
role of map sharing. As he explained, during an extreme 
event, roads may be closed and information needs to be 
disseminated. Currently, this is done by making a list of 
roads closed. If this is showed on a map, the information 
is perceived more efficiently. Furthermore maps can be 
easily updated by actors involved in managing the inci-
dent; citizens could also add their observations.

Displaying various thematic overlays was another 
considered issue. For example, this is of interest for 
emergency planning to see which areas become exposed 
due to sea level rise. Therefore, having a digital terrain 
model and 3D data on built environment is of impor-
tance to decision-making during emergency events 
since such data are used to generate maps that show 
the exposure of residential areas or infrastructure. The 
interviewee also indicated the importance of automatic 
tracking and showing position of a user on a map to 
verify whether the position is within a hazard exposure 
zone, electricity failure coverage, cell phone coverage, or 
emergency call coverage. Other examples of valuable 
map functions included drawing objects on a map and, 
thereafter, displaying them in a 3D view, and symboliz-
ing roads going through inundated areas. Then, roads 
are styled based on their “level of flooding” and thus, 
information on vehicle types that can pass through 
differently inundated areas is provided.

In turn, an adviser at the county governor’s office 
reported on how map-based tools are used during 
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emergency situations by owners of critical infrastruc-
ture. Having a map when sharing a description of the 
situation was highlighted as paramount. Regarding the 
map-based tool provided by DSB, it can be accessed 
using a common login enabling engaged actors to 
work in the same workspace. Hence, they can all modify 
the same information, i.e. developing a map-based 
situational picture. Regarding the CIM system, which 
is the standard tool for incident logging and reporting 
provided by DSB for free to the Norwegian emergency 
responders in public sector, the vendor F24 expressed 
that further development of a map component will 
require a request from their customers and financial 
backing for this need. Further, as map services is not 
within the core business of F24, this would require 
alliances with third party providers such as Avinet.

Regarding the interviews, six emergency officers 
from the municipal and county administration, as well 
as officers from various Norwegian emergency and res-
cue institutions were interviewed individually in 
autumn 2020 (Table S2). We encouraged our intervie-
wees to comment on, among other, favorable map func-
tions of COP tools. One interviewee suggested using 
a common map base by various emergency responders 
and letting those responders create individual but dis-
tributable layers that can be sent to peer agencies. The 
interviewees also had more specific suggestions. One 
example is the division of the map space into sectors 
to communicate with personnel managing drops from 
helicopters. Another example concerns text labels pop-
ping up when one moves the mouse cursor over map 
symbols.

Table-top exercise

In the table-top exercise, empirical data was collected 
based on observations during the exercise, two rounds 
of questionnaires distributed after the training con-
ducted prior to the exercise and after the exercise itself, 
and group interviews with representatives of the parti-
cipating organizations. However, reflecting the overall 
purpose of the exercise, most of the collected feedback 
concerned information sharing for common opera-
tional understanding, procedures, and learning from 
the incident, and a minor part (included here) was 
about map functions.

As reported by the participants, the basic advantage 
of a common map system was that an overview of the 
situation was provided in a different way than logs and 
textual descriptions. With maps, it was easier to gain an 
operational overview and to know what other informa-
tion one needed. A map visualized the situation and 
gave much better understanding than text. Therefore, 

the use of maps reduced misunderstandings. Regarding 
the shortcomings, participants claimed that although 
DSB Kart was “interesting,” competence is needed to 
use its map functions efficiently. As one of the partici-
pants put it, “I think this is a tool that you should have 
worked a lot with to be safe in use.” Furthermore, the 
participants reported several suggestions for improve-
ments, e.g. “a procedure should be created for the parti-
cipants who enter elements into the map” as they “must 
enter which organization they represent.” Other parti-
cipant required easier identification of symbols as it was 
“a little cumbersome to find out who has placed the 
material.” Some individuals complained about the lack 
of 3D view of terrain and found map editing as “too 
difficult” and the DSB Kart as being “too static.” 
Especially the latter issue was identified as of special 
importance since map tools are used not only to keep 
track of ongoing actions, but also to see preceding 
actions. Therefore, participants pointed out that the 
time dimension was not handled on the map; there 
was no timeline to play the map back to see what 
happened in the past. Moreover, the map used in the 
exercise did not provide real time data of vehicles, 
equipment, and personnel. Participants pointed out 
the lack of map labels when hovering over objects on 
the map and complained about the lack of a map grid 
necessary to support operating helicopters.

Conceptual framework, tool categories and their 
corresponding map functions

Feedback collected in step 1, 3, 4, and the outcomes of 
the survey in step 2 (see Figure 2) revealed that support 
from map-based tools is twofold. Some tools support 
operations and thus, encompass solutions for first- 
response emergency actors, e.g. Tellus, TransMed. 
Such COP tools prioritize event information and 
resource management, in which access to real time 
data is of primary importance to decision-making pro-
cesses. Whereas tools contributing to the second group 
support getting insight into situation. They resemble 
GIS software, facilitate coordination, and provide 
insight into the situational context during and after 
emergency events. Examples include DBS Kart and 
BarentsWatch Arealverktøy. Therefore, for those solu-
tions we propose a novel term of common situational 
picture (CSP) tools.

Although COP and CSP tools can employ the same 
map functions, the essential difference concerns empha-
sized functionalities and thus, combinations of imple-
mented map functions. Customized combinations of 
map functions imply gaining operational or situational 
understanding and thus, facilitate specific decision- 
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making processes. Therefore, we have walked through 
the collected evidence to identify map functions of value 
to emergency map support when performing opera-
tions, and those that are favorable to gain 
a comprehensive insight into a situation. As a result, 
apart from distinguishing a total of 25 map functions, 
we identified 11 of importance to COP and 14 

important for CSP tools, and grouped them into six sub- 
categories (Figure 3).

To systematize our investigations and recognize the 
role of map functions in the whole process of compre-
hension of an emergency event, we combined two the-
oretical approaches to establish a conceptual framework 
(Figure 4). We adopted the theory of cartographic 

Figure 3. Map functions for common operational picture (COP) and common situational picture (CSP).
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communication and the concept of sensemaking loop 
for exploratory data analysis by Pirolli and Card (2005). 
While the former approach enabled as to frame the 
concepts, the latter approach, with its foraging and 
sensemaking loops, enabled us to distinguish “picture” 
and its “understanding,” and assign to these elements 
different activities of a given emergency actor.

Validation

Nine emergency officers (Table S3) from emergency 
and rescue institutions and from municipal and county 
administration were interviewed individually in spring 
2022. Although the participants represented specific 
agencies, some also had experience from previous posi-
tions in other institutions such as the police or the 
military that did not have representatives among our 
interviewees. The interviews were structured around 
three issues, which are reported in the three sections 
below.

Map-based tools for operational and situational 
picture (Q1)

Four out of the nine participants directly agreed with 
the proposed division of emergency support systems for 
COP and CSP tools (see question Q1.1 in the interview 
guide attached as supplemental online material). 
Among the statements made, the one presented by 

a municipal emergency manager (P4) best describes 
the rationale behind our division:

To me, your division seems very good. We [municipal 
administration] need to have an overall overview to 
deal with the incident in an overall manner. (. . .) If 
you have a good situation picture, you can make better 
overall decisions about what the situation requires, and 
whether one may have to invoke additional resources. 
For example, do we need civil defense? One may see 
that the incident is so extensive that we must also have 
civil defense as well, perhaps even the armed forces, 
perhaps completely different resources. The municipal-
ity has a long resource list from where we can get hold 
of people with an excavator or with other types of 
equipment needed, as well as crews who can use these.

A similar statement was provided by P1 who agreed 
with our proposal and concluded “Yes, this is what 
I would like to suggest.” As the person further 
explained, “at a county governor, our situation is that 
we mostly use the situational picture (. . .). First respon-
ders, the police, fire brigades and so, they (. . .) use map 
in an operational picture.” Regarding P4, the person also 
commented

When an incident occurs, it is the emergency services, 
either fire or ambulance, or the police, who come and 
deal with the situation (. . .). We try to help and support 
the emergency services as best as we can, so that the 
incident is handled in the best possible way.

In turn, interviewee P3 was positive about our proposal, 
but instead of COP, the person used the phrase “mission 

Figure 4. Common operational picture tools and common situational picture tools in the conceptual framework of our study.
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management” tools. As the person further explained, it 
is important to ask “what the maps tell and how the 
maps are used.” Therefore, the phrase mission manage-
ment better describes the role of such tools as Tellus or 
TransMed than COP. The same interviewee also added 
that there is a difference between the map competence 
of those who use COP and CSP tools. While the former 
are “users who are professionals, users who do this [use 
maps] every single day,” the latter are “less professional” 
users, who use map-based systems occasionally, mainly, 
for reporting.

Two interviewees were ambivalent about our propo-
sal. As P5 argued, “In some situations (. . .), there will be 
a need for a constant switch from COP to CSP.” 
Therefore, P5 would prefer different map layers, where 
one could have situational and operational information. 
Similar reasoning was given by P7 who suggested one 
system with various entry points for different users.

Three out of the nine interviewees disagreed with 
our division. P9 pointed out the lack of linkages 
between the proposed categories and the three levels 
used in emergency management. As the person put 
it, “You have to see on what level you work. (. . .) Is 
it on the operational, tactical, or strategic level? That 
is very important because the needs are very differ-
ent on the different levels.” In turn P6 said “I would 
rather like to have merged these two [tool cate-
gories].” As the person explained, “I am confused 
on how these two pictures will interact” and how 
they can be used for planning, “if I push a button 
somewhere I can go over to planning map.” In turn, 
P2 commented on the distinction of COP – 
“although you call it COP, it’s all about (. . .) fleet 
management.” The same person was also skeptic 
about the complexity of tools that we classified 
as CSP

The digital competence of the user is too low. Why 
cannot you create a system so simple that when you 
open something, click something, move something, you 
have everything you need. Why is it that you almost 
must be a computer engineer to create common situa-
tional awareness on a map?

We also asked (Q1.2) whether the proposed grouping 
systematizes knowledge on available map support tools 
for emergency management and thus, facilitates under-
standing of their roles. Those who generally agreed with 
the grouping were also positive regarding this question, 
since as P1 said “there is a lot of confusion among 
emergency responders” regarding available tools, what 
they offer. In turn, P3 commented that such grouping 
helps since developers “sometimes overestimate users’ 
ability to handle digital tools.” As we further discussed, 

the user “must have the competence to formulate some 
kind of requirement specification, how a system needs 
to be able to handle a crisis, to create a situation picture, 
or to create an assignment management.” Then, “the 
people who are going to develop the system, they have 
to be in a pretty close dialogue with the users, so that 
they create a system that the users demand and that they 
want to use.”

Extending or modifying the grouping was the issue 
addressed in Q1.3. As a result, a clear suggestion con-
cerned the need for a simplified map interface that could 
be used even without training – as P3 said – “to gain 
a common situational understanding,” since, “for this, 
map systems are not used that often.” Even if “one can 
draw shapes, share, create good overviews, collect a lot 
of information, but one is unable to create the situa-
tional awareness for some reason.” In turn, P1 men-
tioned about a situational plot, i.e. “a very rough sketch 
[that is] much simpler than the map with multiple 
functions” where one “adds layers, layers, layers of 
information.” An interesting opinion was provided by 
P2 – “You also have volunteers, non-government 
NGOs, (. . .) a lot of different people operating in here. 
And these systems that are available now are just too 
complex. So, simplicity is extremely important in my 
opinion.”

Another clear suggestion concerned planning tools 
that can be used to answer the question – as P3 
expressed – “What do I need to be able to manage the 
incident?” The interviewee further continued that one 
“need[s] an analysis tool to be prepared for events to 
occur.” The need for planning tools was also formulated 
by P7, who concluded that a tool with well-integrated 
and easily accessible map functions can be used also for 
preventing actions, to mitigate potential hazardous 
events. Lastly, P3 suggested deeper sub-division of 
COP and CSP tools. According to the interviewee, 
these two tool categories should be further divided by 
management level, i.e. for those tools that are used at 
operational, tactical, and strategic level.

Map functions for decision support in emergency 
management (Q2)

Although some participants needed extra explana-
tions, all identified 25 map functions were found 
reasonable (Q2.1). Regarding functions of particular 
importance to the interviewees, although all func-
tions gained positive comments, P1 pointed to 
“Layer manager” and “Overview,” P6 to “Draw,” 
whereas P9 to “Resource monitoring,” “Assignment 
management,” and “Dispersion analysis;” P4 pointed 
to “Buffer analysis” and “Dispersion analysis.” The 
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categorization of the map functions was also assessed 
positively (Q2.2). As P4 put it

I think such a division is good for raising awareness of 
the use of map functions for the formation of situa-
tional and operational picture. So, I think, it makes a lot 
of sense.

P2 was enthusiastic too and commented

Any person operating the various systems (. . .), the 
crisis management system, (. . .) they need anyhow to 
do some training, education, whatever. And in that 
sense, I think the grouping is fair, is okay. You could 
put different names of them [map functions], but it 
doesn’t matter. I think they are okay.

The potential of using the grouping in training was also 
recognized by P7 who emphasized that all identified 
map functions seem intuitive. However, “training is 
always essential though” and such a grouping helps to 
gain necessary competence especially if an emergency 
actor “does not have any particularly strong expertise in 
the use of various map functions” (P4). The use of the 
grouping in acquiring the map competence among 
emergency officers was indicated by P9 who concluded 
that

The tool can be really rich when it comes to the func-
tionality; but then, we have to remember that the richer 
that tool is the more competent the user has to be. So, it 
can be an important limitation when it comes to 
improving the tools in use by emergency responders.

As we further discussed, teaching materials are therefore 
needed, and our categorization can be helpful.

We asked about missing map functions (Q2.3) and 
again, one common suggestion concerned the 
absence of those functions that facilitate planning. 
The lack of such functions was pointed out by P1 
and P3; the latter stated that “there should be some 
map use that is carried out before the event occurs.” 
The person further mentioned “visibility analysis” 
and “escape route analysis” as exact examples of the 
map functions to be of value to planning. P5 also 
expected map functions “for scenario planning, how 
(. . .) situation can escalate or deescalate in the 
future.” In turn, P6 said that “planning can be car-
ried out both on the operational picture and on the 
overall situational picture.” Assessment functionality 
was another example of the map functions of impor-
tance to planning since decision-makers should be 
able to summarize and evaluate preparedness ahead 
of crisis situations.

Regarding other missing functions, P6 and P7 men-
tioned “chatrooms.” P6 said that real time chatrooms 
are useful if combined with maps where the 

geographical context is provided. One comment (P6) 
concerned “communication coverage,” i.e. coverage of 
emergency networks, and one comment (P8) concerned 
an extended routing functionality that includes expo-
sure to natural hazards such as floods or landslides and 
thus, verifies, “whether evacuation via road is possible.” 
As P8 explained, “It could function as a decision support 
tool for navigation (. . .) that would be good for ambu-
lance coordinators.” Similarly, P1 said, “It is ok for most 
people to understand that the road is closed. However, 
for those who are going to plan where the ambulances 
are going to drive, they do not care if the road is closed. 
They care if you can drive through the village if there are 
detours.”

Map functions for operational and situational 
picture (Q3)

All but one interviewee (P9) were positive regarding 
how we assigned map functions to COP and CSP 
tools. For example, P4 found our division instructive 
and said

It becomes so concrete how I should be able to use map 
functions in a good way, to give crisis management the 
best possible overview.

However, participants also expressed the need for flex-
ibility regarding the design of COP and CSP tools. For 
example, P8 said, “we do not need any more than 
address details and how long it takes to get there by an 
ambulance.” Therefore, the person was skeptic about 
incorporating to a COP tool more map functions than 
those related to “Resource management” and 
“Operational analysis.” In turn, P1 said, “it is a quite 
good description of the needs over the situation,” but 
tools are often mixed regarding their roles. P6 also 
advocated flexibility and said, “I would like to have, 
for example, dispersion analysis from the supportive 
analysis group, and, for example, I need that on the 
situational picture as well.” Having access to COP- 
related functions in CSP tools was also mentioned by 
P7 who argued that often those who use CSP tools are 
former operational police officers, soldiers, paramedics, 
and over the years have advanced up to a management 
level.

The following comment concerning the planning 
role was made by P3: “If the map is to be used for 
analysis, preferably proactively before an event, then, 
there is one approach.” However, “If the map is to be 
used for an event that has occurred, then other needs 
come in.” The person also commented that map func-
tions of COP tools depend on the context. For example, 
an operation center located far away from an incident 
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needs the overall analytical gaze – “they need driving 
route calculations, they need to know evacuation routes 
and things like that.” In turn,

A task force leader has local knowledge, but will also 
need details at the local level. Details so that the crew of 
the task force leader manages to act on the incident and 
creates a situational understanding.

Regarding P9 who disagreed, the person argued that the 
role of map depends on the situation and concluded, “it 
would be fantastic to have all of those functions imple-
mented in a single system.”

Discussion

Requirements regarding the support from 
map-based emergency tools

Emergency responders who participated in our meet-
ings and those who we interviewed expressed various 
requirements and needs regarding the support of map- 
based tools that are to facilitate situational awareness. 
One factor that determined the requirements was the 
role of the responder, whether it is to gain an overview 
to deal with an incident in an overall manner, e.g. for 
emergency preparedness, or whether the responder is 
actively involved in responding to the situation at the 
incident scene. In the former case, the decision support 
systems in use often resemble GIS software as also 
reported in previous studies (e.g. Grottenberg & Njå,  
2017; McNeese et al., 2006). In the latter case, when 
responders need to instantly engage own resources on 
site, map-based tools are required to support mission 
management or even offer the fleet management func-
tionality. This, is turn, confirms the finding by Chen 
et al. (2014) that the required map support combines 
real time operational information with the GIS func-
tionality. Depending on its role, the responder uses 
specific map functions to comprehend an emergency 
situation, it means, to gain necessary situational under-
standing and awareness (see Figure 1). Another identi-
fied factor is cartographic literacy. Experienced users, 
especially those who advanced from operational to 
managerial positions, have more sophisticated needs 
than those who use maps occasionally. Moreover, 
those experienced need less training to start using new 
map functions.

While COP tools let users administrate their fleets 
and CSP tools facilitate strategic efforts, planning tools 
are required to plan both on the operational level and on 
the overall situational level. Planning tools are impor-
tant since enable responders to verify procedures with-
out a risk of costly mistakes. Thus, using the tool ahead 

of, during, or after the crisis situation is another factor 
that determines the requirements regarding map 
support.

The validation phase revealed the need for planning 
tools, e.g. simplified and user-friendly map interfaces 
that facilitate planning. Surprisingly, information losses 
(in Figure 1, see the shift between mapmaker’s under-
standing of the reality and user’s image of the reality) 
that seem to be an essential weakness during the carto-
graphic communication process (Ratajski, 1978), in 
some cases are appreciated when creating instant situa-
tional awareness. It happens since emergency respon-
ders often need simplified emergency “plots”, i.e. maps 
equipped with only basic functions showing limited and 
simplified information, just to catch a glimpse of the 
recent operational or situational picture if a decision 
needs to be taken in limited time. During the validation 
phase, when discussing COP and CSP tools, many inter-
viewees expressed the need for tools with simplified 
map-based interfaces. In some sense SARTopo exem-
plifies the power of simplicity. This tool is self- 
explanatory; one displays a map and sees own and 
others’ positions. In Norway, this system is used as 
a mapping tool by volunteers engaged in search and 
rescue operations.

Having tools for planning and those with simplified 
map-based interfaces as supplementary to the proposed 
categories of COP and CSP tools is an essential outcome 
of this study. However, no matter what tool is to be 
designed, user engagement is always central for the 
development process. Emergency stakeholders empha-
sized that their tools need to be developed together with 
them. As one of the interviewees said “the developer 
must make suggestions, solutions that satisfy the user, 
or so that we must have a user who has evolved to adopt 
the technology that exists.”

Various requirements regarding map support are 
reflected in the diversity of map-based tools in use by 
Norwegian emergency responders. Ten tools included 
in our survey differed in terms of overall functionality, 
data content, and graphical user interface. Therefore, we 
divided them into two main categories, i.e. map-based 
tools for COP and those for CSP. COP tools, as exem-
plified by Tellus and TransMed, are used mostly by first 
responders and their priority is to support mission 
management. Whereas CSP tools exemplified by DSB 
Kart and Kystinfo are to be used by secondary emer-
gency responders and third parties to gain insight into 
the situation, understand the context, or to support first 
responders that cope with the crisis on site. As one of 
the interviewees said, “Some actors need fleet manage-
ment functionalities. While this may be a map function 
that is needed for the police during operation, DSB, the 
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county administrator, municipalities, and others, they 
just need to keep an eye on the situation.” However, the 
validation of the proposed division revealed mixed opi-
nions among the interviewees. Although their generally 
agreed with our point of view, there were also those who 
disagreed. One common counterargument was the need 
for a merged approach, for a system that provides 
a flexible support and integrates both operational and 
situational picture. Therefore, instead of two different 
tools, one may prefer access―in a single map sys-
tem―to two different layers showing operational and 
situational picture that could be smoothly switched dur-
ing the comprehension stage of the process of carto-
graphic communication (see Figure 1). Such a statement 
arose our skepticism since a merged approach would 
lead to overloading a tool with (too) many map func-
tions making it difficult to use.

Map functions of emergency tools

No common norm exists for map support among emer-
gency responders in Norway (Solberg, 2018). As a result, 
although different tools are in use offering various func-
tionality, none of them are considered to fully cover the 
needs of Norwegian responders (Røed-Bottenvann,  
2018). There are also local variations in the map services 
utilized within each sector. This hinders the possibilities 
for effective information sharing based on a common 
map interface, and points to a need for more standardi-
zation of map support regarding map functions that, in 
turn, can decrease information loss in the process of 
cartographic communication. The stakeholder interac-
tion let us discuss various map functions of value to 
emergency support. Part of the collected thoughts were 
of generic nature, e.g. that maps as decision support 
ensure universal communication, are intuitive, and can 
be used for many purposes. Some attendees provided us 
with exact suggestions, e.g. to use dynamic labels when 
hovering over map symbols.

We identified 25 map functions. After the validation 
process, an inventory with extensive descriptions and 
examples of all those functions was elaborated and 
published online (https://folk.ntnu.no/opach/ 
INSITU/functions/Inventory.pdf). The functions were 
found reasonable, even if an extra clarification was 
needed. However, the use of map-based systems sup-
porting emergency situations happens in the pressure 
of time and stress, in the unique environment exposed 
to risk and significant losses (Kuvedžić Divjak & 
Lapaine, 2014). Hence, it is a challenge to equip a map- 
based emergency system with adequate functions and 
thus, to reduce possible information losses resulting 
from the incorrect map interpretation typical for the 

cartographic communication process (see Figure 1). 
Therefore, in the validation stage, we asked about 
map functions of importance to COP tools and those 
essential for CSP tools. Although most of the intervie-
wees had positive opinions about our proposal of 
assigning specific functions to either COP or CSP 
tools, some suggestions were provided, for instance, 
about the need for flexibility when designing specific 
tools, and about the lack of planning tools and those 
with simplified functionality.

Emergency preparedness is fragmented, but is sup-
posed to function through co-operation and interaction, 
and the situation should be solved at the lowest possible 
level. Therefore, priority should be given to the integra-
tion of the map support regarding various emergency 
responders who should be able to work on the same 
map, and also, to equipping the tools with standardized 
and understandable map functions. One of the intervie-
wees referred to the quick clay slide incident at Gjerdrum 
that was demanding for the actors involved. Although the 
rescue operation was successful, various emergency ser-
vices were present with their own systems, for example, 
the military came with their system and the municipality 
used their tools. Instead, in the future, a common picture 
should be built to ensure proper information sharing.

Conclusions

In the study, we systematically collected adequate data 
to understand the needs of emergency responders 
regarding map functions. Two rounds of meetings and 
interviews and a table-top exercise provided us with the 
feedback about how map-based decision support tools 
to be used in emergency response should look and work. 
Moreover, on the one hand, the stakeholder interaction 
triggered our increased interest regarding functions of 
map-based emergency tools and motivated us to address 
design issues of such tools; however, on the other hand, 
provided us with the evidence and insights necessary to 
systematize knowledge on the functionality design of 
those tools. Next, the survey of map-based decision 
support tools in use in Norway let us comprehend the 
diversity of existing design solutions and facilitated 
building a conceptual framework in the theoretical con-
siderations stage of our study. The framework was next 
used to categorize map-based tools and describe func-
tions of importance to specific categories.

The role of the emergency responder, the compe-
tence in terms of the use of maps, and the applica-
tion of the latter ahead of, during, or after a crisis 
situation are three essential factors that determine 
the requirements regarding map-based tools support-
ing emergency management. Therefore, the design 
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process of emergency tool of any kind needs to be 
conducted with an extensive engagement of its target 
users, who should determine those map functions 
that are required in their emergency tasks. 
Moreover, we proposed the division of map-based 
tools for common operational picture (COP) and 
common situational picture (CSP). Those, who 
design such tools should prioritize map functions 
supporting resource management in the case of 
COP tools used by emergency responders that are 
actively involved in responding to the situation at 
the incident scene, and, in the case of CSP tools, 
such map functions that provide an overview to deal 
with an incident in an overall manner, e.g. for emer-
gency preparedness. However, mixed feedback was 
collected among the stakeholders regarding proposed 
division. While part agreed, there were also stake-
holders who disagreed and expressed the need for 
a merged approach, in which operational and situa-
tional picture are integrated in a single map tool, but 
accessible as switchable layers. Furthermore, our 
study revealed an urgent need for planning tools 
and also, for tools with simplified map functionality 
to be used even by amateurs without training, e.g. 
those who voluntarily participate in search and res-
cue actions.

A total of 25 map functions grouped in six cate-
gories were identified as a result of the multistep 
research process. The functions were also classified 
as supporting either COP or CSP tools. The valida-
tion process confirmed the importance of all identi-
fied map functions; however, the feedback from the 
participants also indicated the need for more 
research to better elaborate this concept.

Our study can be of value to emergency responders 
and their educators who gain ready to use tips how to 
direct their training programs regarding decision- 
making processes facilitated by map-based tools. 
Software producers are another group who may benefit 
from our inventory of map functions as they can discuss 
them with the customers and implement selected func-
tions in their products.
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