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A B S T R A C T
This paper presents e112, a context-aware mobile emergency response application, designed to
strengthen communication between citizens and authorities during disasters. Building on the ubiquity
of smartphones, the system provides SOS requests, incident reporting, customized alerts, evacuation
guidance, and moderated community interaction, supported by a cloud-based back end and an operator
dashboard for situational awareness. A user-centered design approach guided our development,
ensuring clarity and usability under stressful conditions. Evaluation through usability studies and
technical audits demonstrated high user satisfaction, robust performance, and accessibility. The
results show that a simple, well-designed mobile application can significantly enhance emergency
preparedness and response, reducing risks to human life during climate change–driven emergencies.

1. Introduction
The frequency, severity, and impact of natural disasters

have risen sharply in recent years, leading to loss of life,
environmental degradation, urban infrastructure damage,
and significant economic costs (Tin et al., 2024; Centre for
Research on the Epidemiology of Disasters, 2025). Climate
change is a central driver, producing higher temperatures,
prolonged droughts, and more frequent extreme weather
events (IPCC, 2022). These conditions accelerate wildfires
that devastate ecosystems and human settlements (Jones
et al., 2024), while leaving burned landscapes highly vulner-
able to subsequent floods and landslides. Rapid urbanization
further amplifies risks from both natural and human-induced
hazards. Crucially, many disasters arise from compound
events, where interacting climate drivers converge across
spatial and temporal scales, generating cascading and mag-
nified effects (Zscheischler et al., 2018).

Minimizing risk to human life during fast-moving disas-
ters depends on the effectiveness of emergency services that
can be alerted instantly, provide clear protective guidance,
integrate situational awareness, and coordinate rapid deploy-
ment of assistance to the most affected areas. To support
these functions, authorities (civil protection, fire brigade,
police) operate emergency call centers as core components
of Emergency Services Communication Systems (ESCS).
Accessible through standardized numbers—112 in the EU,
911 in the US and Canada, and 999 in the UK—these centers
ensure universal access to first responders. Emergency lines
primarily enable citizens to report incidents and request
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aid, while also allowing authorities to disseminate urgent
instructions such as evacuation orders via SMS and other
alerting mechanisms.

Given the ubiquity of smartphones and mobile applica-
tions, these technology platforms present a significant oppor-
tunity to advance emergency communication and strengthen
public safety services. On the one hand, smartphones can
leverage their embedded sensors (GPS, cameras, and micro-
phones) to capture critical contextual data, including precise
geographic location and multimedia evidence, thereby en-
hancing, validating, and partially automating the informa-
tion that individuals report to authorities during emergen-
cies. On the other hand, authorities can disseminate targeted,
timely, and context-aware alerts that range from evacuation
routes and hazard warnings to locations of safe areas and
available resources, thereby improving situational aware-
ness, supporting safe and effective evacuation from danger
zones, and enhancing coordinated emergency response.

As authorities worldwide modernize traditional ESCS
frameworks, transitioning from circuit-switched infrastruc-
tures to Internet Protocol (IP)–based platforms (Wikipedia,
2025; Jordan and Stiber, 2024), smartphones and mobile ap-
plications are expected to emerge as the primary interface for
two-way communication between citizens and emergency
services. In this paper, we present the design, implementa-
tion, and evaluation of e122, a prototype interactive smart-
phone application platform developed to provide rapid and
effective assistance during emergency situations. The appli-
cation addresses key limitations of traditional communica-
tion methods by enabling structured text- and multimedia-
based interaction with emergency operators. Core features
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include an SOS button for immediate help requests, real-
time location tracking, and multimedia uploads. In addi-
tion, e122 delivers timely local updates and supports on-
demand, location-aware private and group chat to facilitate
information exchange and coordination between volunteers
and emergency services.

The remaining of this paper is organized as follows:
Section 2 discusses related work, section 3 presents the main
concepts implemented in the application, section 4 presents
the software design of the application and the server compo-
nents and discusses implementation aspects. Evaluation of
the prototype is presented in section 5 and we conclude in
section 6 with a summary of conclusions and future work.

2. Background and Related Work
Since the earliest developments of public warning sys-

tems, authorities have sought to design alerts and delivery
mechanisms that balance accuracy, clarity, and urgency (Na-
tional Academies of Sciences and Medicine, 2018). As these
systems evolve from traditional broadcast methods to mo-
bile communications and social platforms, scientific studies
increasingly explore how message features and commu-
nication dynamics could influence public response during
crises (Chen et al., 2024). In an early study of this question,
authors of (Mileti and Sorensen, 1990) reviewed a large
number of prior studies, identified the stages of a typical
warning sequence (hear → confirm → understand → believe
→ personalize → act) and demonstrated its applicability
to both pre- and post-impact contexts (Mileti and O’Brien,
1992). Their Warning Response Model (WRM) stressed that
effective warnings must be hazard-specific, provide clear
protective guidance, indicate who is at risk and where, state
when action is required, and identify trusted sources. They
also showed that individuals rarely act on the first warning
alone but instead seek confirmation from multiple chan-
nels and social contacts, making clarity, consistency, and
repetition across sources essential for eliciting timely and
appropriate protective action. They posited that the response
of the public to post-impact warnings is shaped not only by
message content but also by the recipients’ prior experiences
of loss, damage, and disruption. Authorities have sought to
operationalize these principles in the design of systems like
the Emergency Alert System (EAS) (Federal Communica-
tions Commission, 2025), and adapt them to the mobile era.
Typically, current EAS employ Wireless Emergency Alerts
(WEAs) (Federal Emergency Management Agency, 2025),
which are delivered directly to personal communication
devices in the form of short 90-character messages issued
by government authorities and delivered free of charge by
wireless carriers to individuals who face imminent threats
such as fires, tornadoes or floods. A recent study explored
what the addition of maps to WEAs could bring from the
perspective of decision clarity, compliance to instructions,
and information sharing in various disaster scenarios (Liu
et al., 2017). This study presented two experiments involving
U.S. adults and found that while maps marginally improved

message comprehension, their overall impact on compliance
and sharing behavior was limited. This result highlights the
need for further research on optimizing visual aids in emer-
gency messaging, for instance by dynamic and interactive
map visualizations (Bartling et al., 2022) and support for
real-time decision-making.

Another key factor in the effectiveness of emergency
communication systems are offline social networks, such
as family, community groups, kinship ties, and voluntary
associations. These networks strongly influence how warn-
ings are shared, interpreted, and acted upon (Mileti and
Sorensen, 1990; Mileti and O’Brien, 1992). Close social
connections not only facilitate the dissemination and discus-
sion of warnings but also strengthen understanding, credi-
bility, and timely response. The mutual trust embedded in
such networks enhances the persuasiveness of warnings and
motivates protective action, while also providing essential
support and resources during crises. Consequently, as on-
line social networks have become a ubiquitous platform for
communication and rich information exchange (Pallis et al.,
2011), new opportunities have emerged for disseminating
emergency alerts (Facebook, 2025; Vera-Burgos and Grif-
fin Padgett, 2020; Atkinson et al., 2021) and embedding
social communication features into alert systems. However,
effective use of these platforms requires sensitivity to cul-
tural and community contexts that shape how warnings are
perceived and acted upon. Moreover, while social networks
can accelerate the spread of accurate information, they are
also vulnerable to inadvertent misinformation or deliberate
disinformation attacks (Paschalides et al., 2021). Ensuring
the accuracy and consistency of emergency messages is
therefore essential to prevent confusion and preserve the
effectiveness of warning systems.

3. Main Design Concepts
Based on the above observations we implemented the

e112 system as a cross-platform smartphone application
integrated with a cloud-based back-end. The mobile ap-
plication provides citizens with access to location-aware
emergency reporting and disaster-related information. The
back-end supports emergency operators through a web-
based dashboard, manages context-aware communication
with users, and integrates external services such as Google
Maps for geospatial data, Firebase (Firebase, 2025) for real-
time synchronization, and Twilio (Twilio, 2025) for secure
user verification.

We formulated the functionality of the mobile applica-
tion by designing first the User Experience (UX) it should
offer. UX addresses the overall experience of a person in-
teracting with a service, including usability, utility, and
emotional impact, with the goal of solving real user prob-
lems effectively and intuitively (Klein, 2013). For the UX
analysis, we adopted a user-centered design methodology
inspired by design thinking principles, and modeled user
needs through personas (end users and system operators),
customer journeys, and empathy maps. Customer journey
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Figure 1: Customer-journey map for user registration and application on-boarding.

Figure 2: UML Interaction diagram derived from customer-journey analysis of a use-case where a user in danger seeks help
through the e112 app; the interaction diagram (bottom) is mapped to the respective app’s GUI screens (top).

design (Følstad and Kvale, 2018) provides a structured view
of the stages users go through, highlighting critical touch-
points for the design of the application’s interactivity (see
Figure 1). The purpose of empathy maps is to capture
what users see, hear, think, feel, say, and do at each stage
of application use, thereby informing the design process
by revealing their underlying motivations, frustrations, and
needs (Lewrick et al., 2018). For example, in a wildfire
scenario, journey mapping clarified the sequence of actions
(receiving an alert, navigating to a shelter), while empathy

mapping revealed stress, confusion, and the need for reas-
surance that could hinder decision-making. We consolidated
the customer-journey analysis in UML interaction diagrams
(see Figure 2).

Through the UX analysis approach we established the
following key functionalities for the e112 mobile applica-
tion:

• Emergency Alerts’ Dissemination: The system deliv-
ers alerts and situational updates in real time to people,
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