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Abstract inthewake ofamajorearthquake in Canada, responders can expect to encounter critical gapsin
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a significant seismic event, similar to the United States Geological Survey’s PAGER product but with enhanced
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details specific to Canada. This paper presents our research on optimizing the RED-E system through the User-

Centered Design approach. End-user consultation throughout the development of RED-E will ensure that its
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outputs are practical and actionable for first responders, emergency managers, and infrastructure operators.

Key findings from initial consultations underscore the need forimmediate post-earthquake situational aware-
ness, although complete understanding may take days to weeks. End-users expressed a preference for RED-E
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outputs in diverse formats, with road disruption modelling and secondary hazard assessments being particu- Accepted:

larly valuable. This study outlines the essential requirements for the outputs of RED-E and documents initial
prototypes, showcasing the potential of the system to transform early post-seismic emergency response ef-
forts across Canada, aiding in prioritization and resource allocation until ground-truth data become available.

1 Introduction

The most critical period for saving lives after a major
earthquake is within the first 24 to 48 hours (de Bruycker
et al., 1983; Noji et al., 1990; Coburn et al., 1992). Noji
et al. (1990) report that 89% of rescues in the 1988 Soviet
Armenia earthquake occurred within the first 24 hours.
Similarly, de Bruycker et al. (1983) found that 93.6% of
survivors were rescued within 24 hours, and another
5.56% within 48 hours, following the 1980 Southern Italy
earthquake (Figure 1). The survivability of trapped vic-
tims, even when their location is known, is a function
of rescue capacity and time (Coburn and Spence, 2002).
The most common cause of earthquake-related mortal-
ities is structural collapse (Coburn and Spence, 2002),
making early search and rescue a priority.

Effective search and rescue requires rapid develop-
ment of situational awareness. Such information is,
however, minimally available within the first 24 hours
(Wald et al., 2008), significantly hampering emergency
response efforts, as occurred in the wake of the M,
6.9 1995 Hanshin-Awaji, Japan earthquake (Tierney and
Goltz, 1997). Having information immediately after a
large earthquake would allow decision-makers to pri-
oritize rescue efforts in the most impacted areas and
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initiate planning for mass care for any displaced pop-
ulation. Recognizing the areas that experienced strong
shaking and the expected impact, and developing a list
of vulnerable areas or buildings within the specified
impacted zones, takes up precious time for emergency
managers and first responders (Turner et al., 2009). In
other words, first responders and emergency managers
may not know the likely locations of entrapped victims
during the most critical time to save them. The cur-
rent practice is that post-disaster building damage as-
sessment is often only commenced after initial emer-
gency response, search, and rescue; i.e., such assess-
ment is not often used to develop situational awareness
within the first few hours or days (Applied Technology
Council, 2019). Preliminary information on earthquake
impact is typically collected by windshield surveys, fly-
overs, dispatch calls and, to some extent, social media
(Applied Technology Council, 2019), but such informa-
tion is unlikely to be timely, complete, or reliable, espe-
cially within the first few days.

Additionally, the utilization of other tools, such as
satellite imagery and Unmanned Aerial Vehicles (UAVs;
also known as drones), has been considered. Although
those technologies have been increasingly improving
and have become more accessible in recent years, such
applications during the immediate post-disaster phase

SEISMICA | ISSN 2816-9387 | volume 4.2 | 2025


https://doi.org/10.26443/seismica.v4i2.1467
https://orcid.org/0000-0002-6174-632X
https://orcid.org/0000-0002-6492-7660

SEISMICA | RESEARCH ARTICLE | RED-E System for Improved Life Safety Outcomes During Earthquake Early Response in Canada

Number and Percentage of Live Rescues During the First Four Days in the
1980 Southern ltaly Earthquake

500 100
400 &
@ 333 75 w
= =
L5} 5
2 300 >
o o
@ 50 .
5 5
5200 =
5 2
E 25 £
= 100 I
0 5 | :
0 0
0 1 3 4

= Pumber of People Extricated Alive

Proportion of Live Rescues (cumulative %)

Figure1 Numbers and percentage of individuals rescued from entrapment during the 1980 earthquake in southern Italy
within the initial four days (based on data from de Bruycker et al., 1983).

have limitations, especially in Canada. Challenges in
the use of satellite imagery include: (1) the timely acqui-
sition of images, which relies on satellite revisit times,
(2) the need for manual methods of image analysis, and
(3) the lack of sufficiently detailed information for life-
saving purposes (Diederichs, 2020). UAV operations are
subject to airspace restrictions and require special per-
missions from authorities, which can delay the deploy-
ment (Transport Canada, 2021; Mohd Daud et al., 2022).
Other constraints of UAVs include: (1) their inability to
fly or capture clear images in harsh weather, dust, or
smoke; (2) their limited battery life and, therefore, lim-
ited flight times; (3) the significant time needed to pro-
cess and analyze large volumes of UAV data; (4) the lim-
ited availability of highly skilled personnel for effective
UAV deployment (Mohd Daud et al., 2022); (5) the Trans-
port Canada (2019) requirement for operators to main-
tain line-of-sight communication with the UAV. Obsta-
cles such as buildings or terrain features will, there-
fore, limit the coverage area of drones during the post-
disaster damage assessment.

1.1 Rapid Damage
Global Examples

Modelling Systems:

Rapid estimation of damage after major earthquakes
can be and has been a valuable tool to assist in timely
response globally. There are many international ex-
amples of rapid damage modelling systems, generally
categorized by the regions they cover, including global
and local systems (Erdik et al., 2011). The global mod-
elling systems tend to be technologically robust, and
the results can be validated frequently through interna-
tional events (Guérin-Marthe et al., 2021). Local mod-
elling systems are country, city, or facility-specific sys-
tems tailored to their local or facility needs, and they
can include more detailed local specifics that will im-
prove the estimation of losses and serve the specific
needs of stakeholders or industrial needs (Erdik et al.,
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2011). Prompt Assessment of Global Earthquakes for
Response (PAGER) from the United States Geological
Survey (USGS) and EarthQuake Loss Assessment for Re-
sponse and Mitigation (QLARM) from the International
Centre for Earth Simulation are two of the best-known
examples of global programs.

PAGER employs three methodologies—empirical, hy-
brid, and analytical—based on the availability of past
fatality events, building inventories, and building code
levels (Erdik et al., 2011). The empirical method, simi-
lar to the QLARM methodology, is used in regions with
high mortality events but insufficient building inven-
tory data. The hybrid method combines simplified ana-
Iytical approaches with past earthquake damage statis-
tics for areas with basic structural data, while the analyt-
ical method, suitable for countries with detailed build-
ing data, occupancy rates, structure types, and robust
building code implementation, models structural re-
sponses using the Hazus capacity-spectrum methodol-
ogy (Jaiswal et al., 2010).

The USGS PAGER and the FEMA Hazus teams have
been working on a new prototype loss model for do-
mestic seismic events, known as “TwoPAGER”, to sup-
plement the current PAGER system (Wald et al., 2020).
The new prototype is a combined loss model of PAGER
and Hazus (Wald et al., 2020) and was developed with
equity-aware data sharing in mind (Macias et al., 2023).
While PAGER can provide rapid (10-30 minutes) loss es-
timates, the information is general. Hazus takes longer
(2-5 hours), but provides more detailed loss estimation
by quantifying structural, social, and economic impacts
with finer spatial resolutions. The Hazus output content
is too large and considered unmanageable for use by
most in the response community, but is more suited for
planning and disaster mitigation purposes (Wald et al.,
2020). The TwoPAGER system was developed to take ad-
vantage of both systems. The intent is to provide users
with more detailed loss estimates based on FEMA’s spa-
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tially rich Hazus loss models and building databases to
supplement the widely deployed PAGER alert product
for significant domestic earthquakes. It is not intended
to replace the initial PAGER alerting system but to com-
plement it (Wald et al., 2020).

Since 2003, the International Centre for Earth Sim-
ulation has operated QLARM, providing loss estimates
within 30 minutes of an earthquake exceeding magni-
tude 5.9 near populated areas (Wyss, 2017). Using data
from GeoForschungsZentrum and the USGS, QLARM
applies intensity-based vulnerability models (EMS-98)
to estimate potential structural damage distribution
based on shaking intensities, calibrated from as many
as 1,000 past seismic events (Griinthal, 1998). The sys-
tem generates outcomes for each settlement, detailing
the expected percentage of buildings in five damage
states, the mean damage state, and the estimated num-
ber of fatalities and injuries, along with error estimates
(Guérin-Marthe et al., 2021; Erdik et al., 2011). These
global rapid loss estimation systems have been valu-
able for understanding the severity of seismic events
worldwide; they are typically intended, however, for na-
tional and international decision-making (Wald et al.,
2010) and, therefore, lack details that would be useful
for decision-makers in the region.

1.2 Canadian Seismic Risk and Need for a
Canada-Specific Rapid Damage Mod-
elling System

Canada is a seismically active region. At least four
significant earthquakes of M,, >8 have been recorded
since 1600, with 17 events of M,,7-7.9 in the same pe-
riod (Lamontagne et al., 2007). The consequences of fu-
ture significant seismic events are estimated to be eco-
nomically and socially devastating (Hobbs et al., 2023b).
The first generation of the Canadian Seismic Risk Model
identifies that the national 500-year economic losses
have the potential to exceed the capacities of the insur-
ance sector to absorb expected financial consequences
(Hobbs et al., 2023b). Many small-to-large communities
are identified as at high risk, based on compounding
physical and social vulnerabilities (Hobbs et al., 2023b).

Although global rapid damage assessment systems al-
ready exist, as outlined in the previous section, it is crit-
ical to develop a Canada-specific system for several rea-
sons. First, a Canada-specific system can make use of
detailed building exposure information (Journeay et al.,
2022). The system can apply Canadian-specific fragility
and vulnerability curves to estimate building damage,
reflecting Canadian building codes and inferred con-
struction trends (Hobbs et al., 2023a). Second, hazard
data will also be specific to Canada: the system can
utilize data from the Canadian National Seismic Net-
work (CNSN) and the Canadian Earthquake Early Warn-
ing (EEW) network, and the ShakeMaps produced by
the Canadian Hazards Information Service. Third, gen-
erally, existing global damage modelling systems only
present maps for hazard threats (maps of the popu-
lation exposed to different levels of shaking). Creat-
ing detailed, neighbourhood-specific maps of antici-
pated shaking, damage, injuries, and financial loss re-
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quires a more detailed tool tailored to the local envi-
ronment, which can add more value to the end-users.
A Canada-specific tool will target local and regional re-
sponse decision-makers: first responders, emergency
managers, and Critical Infrastructure (CI) operators.

1.3 Canada’s Rapid Earthquake Damage Esti-
mation (RED-E) System

Natural Resources Canada (NRCan) is developing a
Canada-specific damage modelling system, the Rapid
Earthquake Damage Estimation (RED-E, pronounced
like “ready”) tool. A recently developed proof of con-
cept (Hobbs et al., 2020) for the RED-E system for British
Columbia (BC) contributes to a robust foundation for
the system to evolve and become available in Canada
nationwide. The proposed system will promptly create
seismic damage and casualty estimate maps within tens
of minutes of confirmation of the magnitude and loca-
tion of a significant earthquake by integrating observed
ground motion data from the national strong motion
seismic network, parts of which recently underwent a
significant upgrade for incorporation into the EEW sys-
tem, with the exposure and fragility datasets from the
Canadian Seismic Risk Model (Hobbs et al., 2023a,b) to
estimate risk using the scenario calculators of the Open-
Quake (OQ) Engine (Pagani et al., 2014). The National
EEW network, which began operating in BC in May 2024
and will be fully operational in late 2025, harnesses the
technology of Nanometrics Titan and Gliralp Fortimus
accelerometers (Cassidy et al., 2024). This EEW net-
work, operated by NRCan, includes over 300 stations,
strategically deployed in high seismic risk regions of
Canada in collaboration with a partner network, which
will add over 100 instruments (Cassidy et al., 2024). The
RED-E system uses the exposure models and vulnerabil-
ity and fragility functions that were developed for the
first-generation Canadian Seismic Risk Model (Hobbs
et al., 2023a) and utilizes seismic data retrieved from
Canadian strong motion networks (Crane et al., 2023) in
ShakeMap format, in order to generate the RED-E out-
puts.

The assessment is not expected to be as accurate as
a boots-on-the-ground inspection; the tool could, how-
ever, fill a critical gap in situational awareness in the
first 48 hours post-event, before any systematic aerial,
vehicular, or on-foot reconnaissance can be performed.
The RED-E system can model the damage over large and
remote areas that local support may not be able to ac-
cess promptly. It can be used to model earthquake im-
pacts and identify neighbourhoods most likely to have
suffered building collapse, roadways blocked from de-
bris, numbers of injured persons, and other major dam-
ages within tens of minutes.

The RED-E system can assist emergency managers
and other decision-makers in achieving many of their
goals during the post-event response phase. For exam-
ple, clear priorities during the rescue phase include en-
suring the health and safety of responders, saving lives,
reducing suffering, protecting public health, protect-
ing infrastructure, and protecting property (Emergency
Management BC (EMBC), 2022). Other priorities in-
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Figure2 User-Centered Design (UCD) Framework (modified from Loos et al., 2024 and Macias et al., 2023).

clude optimizing resource allocation to maximize ben-
efits for the greatest number of people, stabilizing sit-
uations, and initiating requests for external assistance.
The RED-E tool is designed to enable end-users to op-
erate more decisively and efficiently during the early
stages of the response period.

1.4 User-Centered Design of RED-E System
Outputs

This study aims to characterize the needs of end-users,
including emergency managers, first responders at mu-
nicipal, provincial, and national levels, and CI opera-
tors, to gain an understanding of their needs immedi-
ately after a significant earthquake by conducting in-
formational interviews, guided by the User-Centered
Design (UCD) principle. The UCD principle includes
five phases: understanding the user context, gather-
ing user requirements, developing solutions, evaluating
proposed solutions, and refinement (Interaction Design
Foundation, 2016) (Figure 2). The results of those in-
formational interviews were then used to develop wire-
frames (conceptual images that describe the function-
ality of a tool without attention to styling) of the RED-
E tools (UCD phase 3). In the UCD method, develop-
ers consider the needs, capacities, roles, and responsi-
bilities of end-users throughout the entire design pro-
cess (Twomlow et al., 2022). By following this approach,
designers address the intellectual, emotional, experi-
ential, and moral characteristics of end-users, making
products more likely to be useful, comprehensible, and
user-friendly (Twomlow et al., 2022; Argyle et al., 2017).
Other UCD product development examples validate that
UCD leads to more effective and successful products
(Twomlow et al., 2022). The informational interviews
are described in Section 2 of this paper, whereas Sec-
tion 3 will describe the wireframe development and
testing (UCD phases 3 and 4, Figure 2). Feedback on
the wireframes was then solicited from two emergency
management teams at municipal and provincial levels
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who were previously involved in the informational in-
terviews; this feedback is summarized and discussed in
Section 4. This paper is intended to support the develop-
ment of a final RED-E product, and the task of develop-
ing the final product is reserved for Natural Resources
Canada; therefore, building the final product was out-
side of the scope of this work.

2 Summarized Responses of Informa-
tional Interviews

2.1 Methodology

We conducted informational interviews with emer-
gency managers, first responders, and CI operators to
understand their needs in the first 24-48 hours after a
major earthquake. During 1-2 hour virtual sessions,
participants responded to 18 prepared questions. They
were informed that RED-E’s baseline outputs already in-
clude estimated earthquake size, depth, location, shak-
ing intensities, damage extent, displaced populations,
debris, and potential casualties. The goal was to iden-
tify additional user needs during the immediate post-
earthquake period. Insights from these interviews di-
rectly informed the development of RED-E wireframes,
detailed in Section 3.

2.2 Respondents’ Backgrounds

The study was designed to include participants from
various regions across Canada by utilizing a virtual en-
vironment. The study included 27 participants repre-
senting 12 organizations, ranging from federal to mu-
nicipal levels of government, 3 Indigenous communi-
ties, 1 non-political organization, and 1 academic in-
stitution. There is often a tendency for more repre-
sentation from large, well-resourced cities in conversa-
tions about seismic risk in Canada; therefore, special
attention was paid to inviting participants from small
communities with high seismic risk, as identified by
the Seismic Risk Index (Hobbs et al., 2023b). Not all
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smaller communities, however, responded to the invi-
tations, possibly due to their limited capacity to do so.
The study successfully involved some participants from
the eastern region of Canada, where Hobbs et al. (2023b)
and Goda et al. (2020) identified a higher seismic risk
than publicly appreciated. Another area the study at-
tempted to include was the Yukon Territory; however,
no emergency managers could be available due to ongo-
ing wildfire emergencies in the summer of 2023, when
this study was conducted.

Responses are grouped and summarized to improve
clarity and brevity. This section focuses on key themes:
situational awareness, related obstacles, information
needs, and dissemination methods most relevant to
RED-E product development. A full list of questions and
detailed responses is available in Patchett (2024).

2.3 Situational Awareness

In response to the question “How do you gain situa-
tional awareness after a major earthquake?”, most par-
ticipants reported relying on windshield or walking sur-
veys, 9-1-1 calls, and fire hall reports. Emergency man-
agers typically depend on first responders, volunteer
teams, and public reports—methods that are slow and
often incomplete, even weeks post-event. Many strug-
gled to estimate how long it would take to achieve full
situational awareness, citing factors like time of day,
event size, and location. Nighttime events cause addi-
tional delays. Overall, respondents agreed that credible
situational awareness typically takes at least three days
to several weeks, making it unlikely to identify injury
locations or numbers within 24-48 hours.

When asked how they identify isolated communi-
ties post-earthquake, respondents noted that limited
telecommunications, especially in remote areas, make
such detection difficult. In rural areas, especially In-
digenous communities, responders may know vulner-
able residents and check on them directly. However,
in larger municipalities or at the provincial level, iso-
lation often goes unnoticed until survey teams arrive or
calls for help are made. Windshield surveys remain the
primary method of detection. Some municipalities en-
courage self-sufficiency and pre-position supplies, but
challenges remain, especially when roads and commu-
nications are down. A key concern is avoiding scenar-
ios like Christchurch, New Zealand, following the 2011
earthquake, where aid to isolated towns was delayed.
Respondents emphasized the importance of reaching
underserved communities, not just the most vocal ones.

2.4 Challenges to Gaining Situational Aware-
ness

2.4.1 Staff Shortage

Many respondents were unsure how long it would take
to respond to a major earthquake, noting that it depends
on factors such as the time of day, location, magnitude,
road damage, and personal readiness. If responders
aren’t prepared or their families need help, immediate
deployment is unlikely. A few said they could respond
within 10 minutes if fully ready. Some noted that even in
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normal conditions, first responders are stretched thin,
one respondent expressing that too many 9-1-1 calls are
on hold, waiting for longer than they should during nor-
mal operations. Many communities lack dedicated re-
sponders and rely on a single person to coordinate vol-
unteers, which can delay situational awareness. Staff
shortages, especially engineers and critical decision-
makers, further hinder effective disaster response.

2.4.2 Prolonged Response Time

Respondents identified blocked roads and telecommu-
nication outages as major barriers to rapid response
and situational awareness. Windshield surveys and
rapid damage assessments are difficult without driv-
able roads, and 9-1-1 is often overwhelmed, even during
small earthquakes. Patrols on foot or by vehicle can take
days, and information must then be relayed back, often
by radio. In smaller communities, officials may go door-
to-door; one municipality uses electric bikes for surveys
when roads are impassable. Many Emergency Opera-
tion Cenres (EOCs) and hospitals rely on walk-ins for
updates, which can cause delays in gaining situational
awareness and limit spatial coverage. Only a handful
of local governments have trained volunteers with ama-
teur radios, and most communities are unprepared for
telecommunication failures. Functioning CI, including
telecommunication, electricity, and transportation, is
essential for timely situational awareness.

2.4.3 Other Obstacles

Other identified barriers include the ‘rumour mill’: the
task of validating/countering, and addressing social me-
dia information/disinformation/misinformation would
be complex and time-consuming. Many respondents
commented that social media tends to pose problems
rather than solutions, as it is challenging to validate
the data, and people often ask for help but do not post
subsequent updates to indicate whether they remain
in need. Drones were also mentioned as a means to
gain situational awareness, but their capacity is highly
limited, as noted earlier, by the availability of techni-
cians and equipment, restriction of aerial space near
an emergency zone, and a potentially slow airspace ap-
proval process.

2.5 Critical Information Needs for Emer-
gency Response

2.5.1 Information Content

Universally, every respondent appreciated the informa-
tion that NRCan/RED-E can provide, such as the esti-
mated earthquake size, rupture depth, and other pa-
rameters as previously listed in Section 2.1. The dis-
cussions were held with the understanding that the
above-mentioned information could be provided, and
respondents were then asked what additional informa-
tion could be useful for them. While this paper focuses
on end-user needs, some potentially valuable features,
such as linear infrastructure and secondary perils, can-
not yet be modelled at scale.
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What Information Would You Want in the First 24 hours After an Earthquake?

Conditions of roadways
Conditions of critical infrastructure
Secondary Hazard (Liquefaction, Tsunami, Lanslides, Fire)
Conditions of bridges
Locations of safe evacuation sites
Amount of debris and estimated cost of removal
Locations and impacts on vulnerable populations
Number of evacuees/ dislocated populations
Estimated number of visitors/ tourists
The greatest concentration of victims
Aftershocks and their compounding impacts
People’s needs
Normalized data
Population density
Uninsured cost and insured cost
Uninsured populations and businesses
Shelter needs for an extended period of time
Staff/ responders availability
The prioritized locations of electricity restoration
States of neighbouring communities
Resource availability
The credibility of information sources
What hospitals are seeing big influxes

Figure 3 A summary of participants’ answers to the question: “Ideally, what information would you want in the first 24
hours after an earthquake?” The X-axis shows the count of participants giving each response. The information that RED-
E is capable of providing at the time of the discussion is omitted, such as the estimated earthquake size, rupture depth,
hypocentrallocation, shaking intensities in various locations, estimates of damage extent, and number of injuries or potential
fatalities in the community. The discussions were held with the understanding that the above-mentioned information could
be provided, and respondents were asked what additional information could be useful.

The majority of participants stated the importance
of telecommunication, transportation, and road condi-
tions (Figure 3) for developing situational awareness,
resource transportation and allocation, and evacuation
efforts. Bridges serve as bottlenecks, and their signif-
icance deepens for more remote communities where
a bridge is the only connection to neighbouring com-
munities. One Indigenous community indicated that
they have canoes to cross the river and all-terrain ve-
hicles (ATVs) to navigate over the debris if needed, sig-
nifying their resilience. In many cases, however, first
responders and emergency managers live outside the
community they serve, and bridges, as well as highways,
serve as arteries; the condition of key transportation in-
frastructure is something participants want to know im-
mediately. Knowledge of the habitability and function-
ality of critical structures, particularly for infrastruc-
ture such as hospitals, is essential for planning shelter
and facilitating emergency operations. The condition of
natural gas lines, sewage lines, health clinics, fire halls,
airports and ports is also desired immediately by end-
users.

First responders are especially keen to know the loca-
tions with the greatest likely concentrations of victims,
i.e., not the areas of most damaged empty buildings,
but those of damaged occupied buildings. Many end-
users prioritize response efforts based on the concen-
tration of vulnerable populations rather than the most
physically damaged areas. Understanding the impact
on these groups is crucial for planning rescues and shel-
tering. They emphasized the need for data on individ-
uals reliant on power-dependent medical equipment,
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those with disabilities or functional needs, and the lo-
cations of care homes, retirement homes, and schools
in affected areas.

A few respondents also inquired about the estimated
number of tourists. Tourists/visitors are difficult to ac-
count for, not easy to reach with relevant warnings (Bird
et al., 2010), unfamiliar with the area, and have little
connection to local communities (Becken and Hughey,
2013). For example, according to Downtown Victoria
Business Association (2023), cruise ships alone bring
700,000 to 970,000 visitors annually (Mauneau, 2023),
and they will need to be sheltered temporarily until it is
safe for them to leave again. Many popular destinations
in Canada attract a large volume of tourists, and these
cities and townships must consider the consequences
of emergency responses.

The Ontario Ministry of Municipal Affairs and Hous-
ing values estimated loss data on uninsured homeown-
ers, tenants, small businesses, farms, and non-profits.
The ministry currently financially supports the unin-
sured population during sudden, unexpected, extraor-
dinary (in a historical sense), widespread, and expen-
sive natural disasters (Ontario Ministry of Municipal Af-
fairs and Housing, 2018). Having rapid access to the
likely number of uninsured and/or low-income individ-
uals impacted by a major earthquake can facilitate an
expedited approval process.

After an earthquake, emergency managers focus on
setting up EOCs, assessing staff capacity, and planning
for rescue, evacuation, and shelter. They must iden-
tify safe evacuation routes and prioritize survey areas.
To establish shelters and group lodging, they need in-
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Information required to allocate resources and mass care in the first 12 hours

Damage to CI

Road accessibility

Mumber of injuries and their locations
Mumber of displaced people

The number of impacted vulnerable people
Secondary hazards and their locations
Safe locations

Locations of hospitals

Resource availability

Bridge integrity

Tourist population

Supply chain issues

Hazardous material spills

Damage level of structures
Population density

Aftershocks

The information on the seismic event

Figure4 Asummary of participants’ answers to the question: “What information is needed to determine mass care needs
and allocate supplies within the first 12 hours?”. The X-axis shows the count of participants giving each response.

formation on available buildings, their conditions, and
the number of nearby displaced people (Figure 4). They
also require the locations and functionality of health-
care facilities. RED-E modelling can help identify po-
tential safe zones, allowing faster planning and prioriti-
zation of shelter sites and evacuation routes.

Respondents emphasized the importance of data on
secondary disasters, such as liquefaction, landslides,
and debris, as well as their associated removal costs.
Tsunami risk was a recurring concern, with one noting
RED-E would lose value if it excluded tsunami impacts.
Some also wanted information on aftershocks and their
compounding effects, though these cannot yet be mod-
elled at scale. Currently, RED-E does not include lin-
ear infrastructure, telecommunication disruption, or CI
functionality, but these are future goals.

Interviews also explored data needs for mass care
and supply allocation within 12 hours. Key informa-
tion includes damage to CI (roads, bridges, power, wa-
ter, gas, sewage), road accessibility for evacuation and
responders, injury counts and locations, displaced pop-
ulations, vulnerable individuals, and tourist numbers.
Medical providers need CI status, patient demograph-
ics, and injury severity. Access to roads, ports, and air-
ports is essential for planning rescues and delivering
supplies.

2.6 Information Dissemination
2.6.1 Preferred Format of RED-E Outputs

Most end-users (70%) prefer RED-E information in
GIS-compatible formats to integrate with their existing
emergency operation systems. Local compatibility is
crucial, as not all municipalities use provincial GIS sys-
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tems and may have customized layers (e.g., hazardous
materials, sacred sites). Indigenous communities, in
particular, value control over sensitive data and may not
use GIS at all.

Many also want one- or two-page PDF summaries,
similar to PAGER or QLARM, with static maps and key
information for field use during telecommunication
outages. Text summaries are valued for reporting and
communication via radio or satellite when networks are
down. Overall, users prefer receiving information in
multiple formats, such as GIS, PDFs, and text, for in-
creased redundancy and accessibility.

Some users trust NRCan as the source due to its scien-
tific credibility, including Indigenous communities with
federal ties. However, concerns were raised about the
reliability of federal websites during high-traffic peri-
ods, citing past outages. It is worth noting that the sys-
tem was upgraded since the last outage during the 2001
Nisqually earthquake, but this belief persists. Clear user
contact points for feedback were also requested.

For  spatial  scale, municipalities  prefer
neighbourhood-level data, while provinces are sat-
isfied with regional summaries.

2.6.2 Foreseeable Challenges of RED-E Integra-
tion

Some end-users anticipate challenges integrating RED-
E, citing limited staffing, technical capacity, and poten-
tial indirect costs for training and system upkeep. Small
municipalities especially highlighted the need for reg-
ular training with simulated earthquakes, though only
if RED-E can incorporate real-time data. Provincial
governments may face added security-related require-
ments, such as using Canadian servers and undergoing
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Any concerns about the results of our tool being available to the general public

Public misunderstanding of the modelled
data as ground truth data

Fear of causing unnecessary panic, which
might counter the rescue or evacuation effort

Heightens the rescue expectations that might
not be met

Dizaster tourists

Privacy concern

Loss of confidence and trust:

Mo, | don't see any issues

House insurance concern

Cyber security concern

Figure5 Asummary of participants’ answers to the question: “Are there any concerns about the results of our tool, which
are hypothetical, being available to the general public?” The X-axis shows the count of participants giving each response.

lengthy approval processes.

2.6.3 Concerns about RED-E Outputs

The study inquired about concerns on the potential data
dissemination to the public, although public release is
not within scope at this time. Most respondents ex-
pressed concerns about the results being made publicly
available (Figure 5).

End-users are concerned that publicly sharing RED-
E data could lead to misinterpretation, believing that
RED-E is ground-truth instead of modeled. They worry
that misinformation on social media, and resulting
panic, may hinder rescue efforts and raise unrealistic
public expectations for rescue operations. Additional
concerns include the rise of disaster tourism (both phys-
ical and online), which can cause system overload, and,
lastly, potential data inaccuracies that may undermine
public trust. Indigenous communities have emphasized
the importance of data privacy and retaining control
over their own information, highlighting the need to
respect sovereignty in order to build nation-to-nation
trust.

End-users support having separate RED-E outputs for
internal and public use. Summarized formats, such as
PAGER or QLARM, are considered most suitable for the
public. They recommend consulting with experts who
are trained to discern what information should be made
public, as well as conducting expert review before pub-
lic release to avoid conflicting information. They also
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suggest limiting access to sensitive data, such as fatal-
ity estimates, through password protection or security
clearance, to prevent emotional distress and misuse.

Education is a critical component if RED-E is made
public-facing. Respondents emphasized the impor-
tance of clearly communicating the system’s modelling
uncertainties and limitations to avoid misinterpreta-
tion. They recommended explicitly stating that RED-
E outputs are modelled data, not confirmed facts, and
educating the public before the system is launched. To
protect privacy and reduce the risk of attracting disas-
ter tourists, they also advised displaying data at a scale
that avoids revealing sensitive or overly localized infor-
mation.

2.7 Other Comments

Many end-users suggested having options to provide
real-time feedback, such as to indicate if the modelled
impacts are accurate, or the ability to see/add photos as
responders collect and upload them. Others expressed
concern over how often data will be updated to mini-
mize uncertainty and keep the system outputs current
and relevant, and asked who will be updating it. They
also wanted to know the uncertainty of the modelling
results. One respondent asked for normalized data to
gain a better understanding of the impact scales.
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PRELIMINARY EARTHQUAKE PARAMETERS - UPDATED

The following parameters are based on a rapid preliminary
assessment of the earthquake and changes may occur

Magnitude: 7.3

Latitude: 48.405 degrees

Longitude: -123.412 degrees

Depth: 23km
Maximum_peak_ground_acceleration: 0.633 g
Qrigin Time: 13:14 PDT July 2023

Location: 15km West of Victoria, BC

‘} Earthquake
‘ information

Rapid Earthquake Damage Estimation (REDE) Results:
These are modeiled impacts from earthquake shaking only, and do not reflect the actual
conditions. They are intended for operational response purposes only.

Cost: $19,533,572,079

Red tag: 6,861 buildings

Disrupted populations: 140,971 people

Deaths: 986 people

Critical_injuries_and_entrapments: 487 people

All_hospitalizations: 3,685 people

The areas that experienced shaking intensity over MMI VI (level 6: strong shaking):
Victoria, Saanich, Langford, Esquimalt, Colwood, View Royal, Dak Bay, Surrey, North
Cowichan, New Songhees A, Sooke, Vancouver, Richmond, Langley, Cowichan Valley,
Nanaima, Delta, Methosin

Communities ranked by number of expected hospital injuries / potential deaths and
entrapments: Victoria (300), Saanich (200), Langford (100), Esquimalt (50), Colwood

¢ Community impacts

(m], View Royal {Sﬂ}, Oak Bay (20), Surrey (10), North Cowichan (10)

+  Communities ranked by expected displaced people:

- Victoria (10,000), Saanich (9,000), Langford (8,000), Esquimalt (5,000), Colwood (3,000),
View Royal (2,000), Oak Bay (1,100), Surrey (1,000), North Cowichan (400), New
Songhees A (100), Seoke (90), Vancouver (90), Richmond (80}, Langley (50), Cowichan

Valley (40), Nanaimo (20), Delta (10), Metchosin (5)

Figure 6 Annotated wireframe of the RED-E product in text format. Coloured text will not be part of the final product. The
numbers shown here are mock-ups for illustration purposes only.

3 RED-E Product Wireframes

Based on user feedback (Section 2), wireframes were
developed to demonstrate potential RED-E functional-
ity. The intended users are emergency managers, first
responders at all government levels, and Critical In-
frastructure (CI) operators; the tool is not currently de-
signed for public use. Interviews emphasized key data
needs, such as those listed in Section 2.1, along with ad-
ditional desirable information (e.g., telecom and road
disruptions, secondary hazards), which are not yet scal-
able to model.

The study’s main goals were to conduct interviews,
assess user needs, create wireframes, and gather feed-
back, following a user-centered design (UCD) approach.
In response, three RED-E formats were developed: text,
static PDF, and dynamic GIS. These formats allow in-
formation sharing regardless of communication system
status. The wireframes are conceptual and may not re-
flect the final RED-E product. As a sample scenario case,
wireframes used the risk model results of an M,, 7.3 full
rupture of the Leech River fault, 15 km west of down-
town Victoria (Morell et al., 2018; Harrichhausen et al.,
2021, e.g. Figures 6, 7); where these results were not
available, dummy values are used. For example, the val-
ues of the expected range of estimated fatalities in the
static wireframe (Figure 7) and some values in the text
format are not model results but are included for illus-
trative purposes only.
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3.1 TextVersion

The text format is the most straightforward and readily
accessible product, even during low-bandwidth times
(Figure 6). It is inspired by and adapted to be more
readable than the messages sent by the United States
Tsunami Warning Centers (https://www.tsunami.gov/).
Potential users of RED-E (Section 2.2) and study partici-
pants of PAGER in the US (Loos et al., 2024) have sup-
ported using this approach when the communication
network is compromised. The text version includes the
information on the seismic event itself, including esti-
mated magnitude, location (in longitude and latitude,
depth, and a general location description, e.g., 15 km
west of downtown Victoria), maximum ground motion
in Peak Ground Acceleration (PGA; in g), and origin
time. It has RED-E modelling results, which encompass
estimated total values of financial cost, number of red
tag buildings (unsafe for occupancy), disrupted popu-
lations or shelter-seeking people, fatalities, critical in-
juries and entrapments, and the number of hospitaliza-
tions. It also includes community impact, which lists
the areas that experienced shaking intensity over MMI
VI (level 6: strong shaking), communities ranked by
the number of expected critical injuries requiring hos-
pitalization/potential deaths/entrapments, and commu-
nities ranked by number of people expected to be dis-
placed.
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3.2 Static Version

The static product is a dashboard in PDF format with
comprehensive visuals such as maps, tables, descrip-
tions of the event, and the estimated losses (Figures 7,
8, 9, 10). The usefulness of the PDF format for post-
earthquake communications was validated by Loos
etal. (2024), who demonstrated the criticality of a highly
shareable format for post-earthquake products where
a combination of text and images can easily be shared
internally within a response organization, externally to
affected populations, and generally on media platforms.
The initial “summary” page of the static version in-
cludes overview maps and overall estimates for im-
pacted areas (Figure 7), while the subsequent “commu-
nity” pages convey the municipality-specific results.
The summary page includes:

 Disclaimer that information shown is based on
modelling, not ground-truth data

+ Colour-coded impactlevel (red, orange, yellow, and
green) based on the Earthquake Impact Scale (Wald
etal., 2011)

» Seismological overview information (estimated
magnitude, location, origin time, and depth)

« List of impacted communities (communities with
more than 2 critical injuries, which require imme-
diate hospitalisation, and/or entrapment/fatalities)

» Colour-coded impact summary table, consisting
of fatalities, critical injuries, displaced popula-
tions, numbers of buildings in different damage
levels (collapsed, complete, and extensive), and
economic impact. Each value includes uncertain-
ties at the 5" and 95" percentiles of all mod-
elled outcomes. Assignment of colours is gener-
ally guided by the Earthquake Impact Scale that
has been implemented for the USGS PAGER prod-
uct (Wald et al., 2011), augmented for the displaced
population based on the tentative thresholds of
50,000 for red (“international response”; e.g. the
2016 Fort McMurray, BC fire evacuation which re-
sulted in the relocation of 90,000 people (Public
Safety Canada, 2016)), 20,000 for orange (“national-
scale impact and response”: e.g. the 2023 Yel-
lowknife wildfire, which triggered 20,000 people to
evacuate (Ljunggren, 2023)), 5,000 for yellow (re-
gional impact and response; e.g. the 2023 flood in
Merritt, BC, which caused caused 7,000 people to
relocate (Norwell, 2023)), and 1,000 for green (“lit-
tle to no impact”).

« Three maps of estimated severe injuries (critical
hospital, entrapment, and fatalities combined), es-
timated displaced population, and severely dam-
aged buildings (collapsed, complete, and extensive
combined)

+ Link to dynamic RED-E version

« Contact information
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Three different examples of the community-specific
page of the static RED-E were created (Figures 8, 9, 10)
to solicit feedback on what should be included. All three
versions have maps of critical injuries and entrapmen-
t/potential death, displaced populations, and debris and
bridge conditions, but the three versions are differenti-
ated by the presence of an impact summary table (Fig-
ure 8), a damaged buildings map (Figure 9), or a social
vulnerability map (Figure 10). The maps on the sum-
mary page used the census subdivision boundaries, ap-
proximately equivalent to a municipality scale, whereas
the maps on the community page used the settlement
area boundaries, approximately equivalent to a neigh-
bourhood or postal code or Forward Sortation Area of
postal code.

3.3 Dynamic Version

Finally, the dynamic version takes the form of Geo-
graphic Information System (GIS) data layers that could
be shared using an Application Programming Interface
(API) request, making it consumable for existing end-
user GIS systems. Many emergency management teams
use provincial GIS portals. Some well-resourced com-
munities or groups may also have local mapping sys-
tems with their own data layers of CI, hazardous mate-
rials, or identified vulnerabilities. It is envisioned that
the API version of the dynamic RED-E format will al-
low users to extract data for their own portals. The dy-
namic GIS version could also be independently hosted
through a federal platform, such as the national Earth-
quakes Canada website, as an interactive map with mul-
tiple data layers. Examples of larger scale, “zoomed out”
views, which envelop the whole impacted region, are
shown in Figure 11, while Figure 12 showcases exam-
ples of smaller scale/“zoomed in” views, at the munici-
pality level. Users of the dynamic version will see a dis-
claimer displayed before using the site and are given the
ability to view or hide the layers and features that may
or may not be useful for them.

In addition to maps, the dynamic version could ide-
ally also have bar charts showing the building types con-
tributing to each variable, similar to NRCan’s RiskPro-
filer website (accessible at https://RiskProfiler.ca), and
impact summary tables. This version could also include
some features such as city boundaries, bridges, major
highways, hospitals, ambulances and fire stations.

4 Participants’ Feedback on Wire-

frames

The RED-E wireframes presented in the previous sec-
tion were presented to two groups who had been in-
volved in the informational interviews: one local gov-
ernment and one provincial government. Herein, sum-
marized responses from the wireframe review sessions
are provided, including detailed suggestions from end-
users on how the wireframes could be improved. Each
virtual session took about two hours. The wireframe
versions were provided for the purposes of soliciting
feedback (UCD Phase 4) in order to improve the final
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Figure 7 The summary page of static RED-E, which contains summarized information on the seismic event and estimated
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impact results for all impacted areas, presented at the subdivision level.
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Figure 8 The community page of static RED-E: version 1, containing estimated impact results (maps of severe injuries, dis-
placed populations, and debris and bridge conditions) with municipality-specific information summarized in a table.
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Figure9 The community page of static RED-E: version 2, containing estimated impact results (maps of severe injuries, dis-
placed populations, debris and bridge conditions, and severely damaged buildings).
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Figure 10 The community page of static RED-E: version 3, containing estimated impact results as maps of severe injuries,
displaced populations, debris and bridge conditions, and socially vulnerable populations. A map of socially vulnerable pop-
ulations is included here instead of severely damaged buildings as seen in version 2.
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Figure 11 A zoomed-out view of the dynamic RED-E version. An example of an impact summary can be seen by selection
options within the sidebars, and census subdivision-specific information is displayed as users select polygons on the map.
Thisimage was shown to participantsin order to demonstrate the functionality of the interactive maps in the dynamic version,
rather than to focus on specific values, which are shown for illustrative purposes only.
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Figure12 The map zoomed in to the neighbourhood level showing the neighbourhoods with severely damaged buildings.
As users click the neighbourhood polygon, more detailed data in bar graphs, such as what types of buildings are severely
damaged, the age of severely damaged buildings, and types of occupancy (residential, commercial, etc.) would appear,
similar to the information provided by https://RiskProfiler.ca. This image was shown to participants to demonstrate the
functionality of the interactive maps rather than to focus on specific values, which are shown for illustrative purposes only.

products. Complete responses are available in Patchett
(2024).

Overall, the text format (e.g., Figure 6) was appreci-
ated by all users as it is simple, short, and straightfor-
ward. Itis communicable using amateur radio, satellite
phones or commercial radio in the case of a telecom-

15

munication breakdown. Ranked impact data helps end-
users assess severity. For provinces, it highlights which
municipalities need the most support and which can of-
fer mutual aid. At the municipal level, responses vary
based on impact scale (e.g., sheltering 100 vs. 1,000 peo-
ple) and the text format effectively conveys this scale.
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Both municipal and provincial users also acknowl-
edged the value of the static format, particularly appre-
ciating visuals like maps that illustrate the scale and
severity of impacts. They found both the summary and
community pages valuable, as they serve different pur-
poses for different users. One team was open to a longer
version of the static RED-E to include more information,
while the other preferred a concise format, noting that
two pages per community were sufficient.

In general, for end-users, having maps of potential
entrapments and severe injuries, fatalities, displaced
populations, and debris is more valuable than a map
of damaged buildings, as their priority is to save lives.
For example, pre-code commercial buildings might col-
lapse but will likely be empty if the event occurs at night.

Depending on the event’s scale, municipalities may
need provincial or federal support. RED-E is valuable
because it provides rapid impact estimates, allowing
faster funding or resource requests, well before ground-
truth data are available. It helps users identify and com-
municate expected response gaps.

Users highlighted that providing separate injury lev-
els based on severity is useful since different responses
are required by separate agencies for various levels of
injuries or fatalities, and require different resources.
For example, fatalities need to be dealt with by coro-
ners. Critical injuries require rapid hospitalization,
while first-aid-level injuries can be treated at home or
on site. Entrapments require support from the Heavy
Urban Search and Rescue (HUSAR). Similarly, the infor-
mation on the debris should be categorized into mate-
rials since different material types require different re-
moval procedures. Users also requested the inclusion
of definitions of terms, and data layers for features like
ports, airports, hazardous materials, etc.

Similar to the earlier stage of end-user engagement
(Section 2.5.1), respondents expressed a desire for in-
formation on secondary hazards (tsunami, liquefaction,
landslide, and fire) to be provided if possible. Currently,
RED-E cannot model tsunami impact using the Open-
Quake Engine; it may be possible, however, to imple-
ment the OpenQuake Engine Liquefaction Calculator in
the future (Yilmaz et al., 2021). These users suggested
that a simple potential inundation zones layer could be
helpful even if tsunami modelling is unavailable. For
local end-users, a closer geographic extent for the com-
munity page of the static product would be more bene-
ficial.

Users noted the need for multiple reception centres
tailored to different demographics, such as seniors or
families, due to varying care needs. Inclusion of demo-
graphic data on displaced populations, especially at the
neighbourhood level, is essential. They also suggested
using bivariate choropleth maps to show two data types
in one map. For example, one map could illustrate the
number and location of displaced populations as well as
the distribution of socially vulnerable populations (Fig-
ure 13). Using bivariate maps helps save space in static
RED-E products. To ensure inclusivity, it's important to
employ a color-blind-friendly approach.

16

5 Discussion and Future Work

In this study, we sought to include participants from
across Canada’s seismically active regions, but the in-
vestigators’ language limitations restricted participants
to those in areas where the official language is English.
The study covers many areas of Canada by utilizing a
virtual meeting environment. Future engagement can
expand to include participants from other areas.

5.1 Inclusion of Critical Infrastructure (Cl)

Potential RED-E users value impact estimates on CI, in-
cluding transport networks, bridges, ports, pipelines,
and hazardous material facilities. Identifying road
blockages is a key priority for future RED-E updates.
There are prior global examples of network impact
modelling from seismic events, such as works by Cho
et al. (2001), Costa et al. (2017), and Poudel et al. (2023).
The new linear infrastructure module for the Open-
Quake Engine could be used to investigate the effect of
earthquakes on roads, specifically in terms of damage to
onramps and highway bridges in Canada, and on other
linear CI such as water mains and power lines. This ap-
proach could be used in RED-E to address end-user feed-
back from this study.

5.2 Visualization of Uncertainty

In the feedback versions, uncertainties were shown
as numerical ranges. Participants suggested visualiz-
ing these uncertainties would better support decision-
making. Past studies support this, showing that vi-
sualized uncertainty helps narrow expectations and
increases confidence in decisions (Joslyn and Savelli,
2010; Schneider et al., 2022). Figure 14 shows two ex-
amples from the PAGER system and an associated study.
Both demonstrate the probability of modelled fatalities
and economic losses. The scatter plot versions had been
revised based on suggestions made by cognitive scien-
tists and led to significant improvement in understand-
ing of the uncertainties by both technical and public
users (Karjack et al., 2022).

5.3 Social Vulnerability Index

“Social vulnerability refers to the socioeconomic and
demographic factors that affect the resilience of com-
munities” (Flanagan et al., 2011). When a disaster hits,
certain groups within a community often bear a dis-
proportionate share of the negative impacts and as-
sociated socioeconomic consequences. This includes
lower-income households, recent immigrants, racially
marginalized populations, people with disabilities, the
elderly, unsheltered populations, people without means
of personal transportation, and other groups whose
rights and needs are not always fully met in the con-
text of community planning or disaster risk manage-
ment (Journeay et al., 2022). The socially vulnerable
are “more likely to die in a disaster event and less
likely to recover after one” (Lorelei, 2006). It is criti-
cal that officials recognize the increased risk of these
populations during the post-earthquake response and
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Figure 13 An example of a bivariate choropleth map displaying both the displaced population and social vulnerability for
the city of Victoria, BC. The legend is modified from Stevens (2015).
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in estimated impacts. Top: histograms, as currently used
by the USGS in PAGER. Bottom: Probability plots modified
from Karjack et al. 2022. The example outputs are esti-
mated fatalities following the 7 Jan 2020 M6.4 Puerto Rico
earthquake.

recovery phases, as they often require more urgent and
prolonged support. The RED-E products present com-
bined social vulnerabilities encompassing over 20 de-
mographic indicators (Journeay et al., 2022). Broadly,
the indicators incorporate four categories: social cap-
ital (concerning family structure and community con-
nectedness), autonomy (the ability to take actions on
one’s own to manage the results of hazard events), hous-
ing (shelter conditions that will influence the probabil-

17

ity of household displacement and reliance on emer-
gency services), and financial agency (economic means
to sustain the requirements of day-to-day living during
periods of disruption that can affect employment and
other sources of income) (Journeay et al., 2022). The in-
clusion of this information as a data layer is believed to
be valuable or even essential, especially for municipal-
ities that lack resources to conduct their own socioeco-
nomic vulnerability assessment.

5.4 More Accurately Represented Population
Census and Housing Data

An important avenue for future research is to ob-
tain more accurate population and housing data for
Indigenous communities, which are typically under-
represented in the Canadian Census that underpins cur-
rent exposure inventories (Smylie and Firestone, 2015;
Saku, 1999). The census is one of the most widely used
and essential sources of information as it provides a
comprehensive picture of the characteristics of the peo-
ple in the community (Trevethan, 2019) and it serves
as one of the critical exposure data sources for RED-
E modelling processes via the Canadian Seismic Risk
Model (Hobbs et al., 2023a). Challenges exist with cen-
sus data for Indigenous Peoples due to underrepresen-
tation from self-identification and low participation on
some reserves. Transient populations moving between
reserves and cities can lead to inaccurate counts, in-
flating urban populations or omitting individuals en-
tirely. As a result, Indigenous communities may be
underfunded for services due to uncounted residents
(Trevethan, 2019). Another study indicates that the cur-
rent Indigenous social statistic data are unequally rep-
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resented, stemming from misclassification and system-
atically embedded non-response biases and sampling
errors in census data, leading to quality challenges con-
tributing to a significant underestimate of inequities in
health determinants, health status, and healthcare ac-
cess between Indigenous and non-Indigenous people in
Canada (Smylie and Firestone, 2015), which can lead to
underrepresented social vulnerability in the RED-E out-
put.

5.5 Public Data

Throughout both stages of end-user engagement, par-
ticipants raised concerns about making RED-E outputs
public. They feared it could trigger public panic, raise
unrealistic rescue expectations, and encourage unsafe
self-rescue attempts that may interfere with official op-
erations. While they acknowledge some people will
act independently, they prefer to minimize this risk.
Provincial representatives were more open to public
release, provided a clear disclaimer explains the data
are modelled estimates and warns against entering haz-
ardous areas.

Public access could benefit spontaneous volunteers
and sectors like insurance and engineering. However,
the lack of a national credential system for securely
sharing RED-E with emergency personnel adds com-
plexity. Since RED-E is currently designed for profes-
sional users, broader public release would require mod-
ifications and further discussion. As an example of im-
provement, the study results of Loos et al. (2024) indi-
cate that publicly accessible products such as PAGER
should be modified to become more inclusive by mak-
ing the information more relatable, transparent, under-
standable, and shareable. Making the product publicly
accessible may be aided by further studies to under-
stand the decision points for public users and how a
non-specialized audience interprets the current version
of RED-E. Marketing to launch a public-facing version of
RED-E itself could be used to raise awareness of seismic
hazard and risk. Similarly, the USGS is considering cre-
ating a more public-facing PAGER product and refining
the existing PAGER to increase the clarity of informa-
tion for specific users (Karjack et al., 2022).

An informational vacuum can cultivate mistrust in
authority and science (Fallou et al., 2020). End-users
want clear explanations of the modelling process, ben-
efits, limitations, terms, and uncertainties. Including
links to detailed information, plus offering workshops
or short videos, can help users understand technical
aspects. Clear, timely communication reduces post-
disaster anxiety (Lamontagne and Flynn, 2014; Fallou
et al., 2020). Regulating public expectations through
trusted scientific institutions is essential to maintain
trust, as public anxiety can increase pressure on sci-
entists to find solutions (Fallou et al., 2020). Providing
post-earthquake safety tips and ongoing updates is also
an effective way to reduce public anxieties, especially as
aftershocks are common after large earthquakes (Fallou
et al., 2020).
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5.6 RED-Eis an Evolving Product

User-Centered Design (UCD) is iterative. Beyond this
study’s feedback, continued input should be gathered
after RED-E’s launch. Future research may assess users’
ability to understand and apply RED-E data and broader
feedback may be collected through surveys or work-
shops as the tool evolves.

6 Conclusion

The RED-E system aims to support faster, more effec-
tive disaster response after major earthquakes. Past
events and interview feedback show that gaining situ-
ational awareness is often slow and difficult. Rapidly
available modelled data, on human, structural, and eco-
nomic impacts, can help assess severity within min-
utes. This study conducted preliminary interviews, de-
veloped wireframes, gathered user feedback, and out-
lined next steps to finalize the tool.

Key findings from the informational interviews in-
clude:

+ Following a large earthquake, gaining complete
and credible situational awareness is time-
consuming, assumed by most to take at least three
days to weeks, and challenging to cover the entire
affected region adequately.

+ The three most frequently identified obstacles to
gaining situational awareness were road blockages,
loss of telecommunication, and staff shortages.

« The three most desired pieces of information
within 24-48 hours of the disaster were the condi-
tion of CI, the number and locations of displaced
people, and injuries.

« When communications are down and communi-
ties become isolated, impacts can only be assessed
by travelling to them. The RED-E system could
help the province, territory, or federal government
proactively identify such isolated communities and
start attempting to communicate with them.

+ The top three concerns for a public-facing RED-
E product are: potential public misunderstanding
of the modelled data as ground-truth data; fear of
causing panic, which might counter the rescue or
evacuation effort; and heightening rescue expecta-
tions that might not be met. Many suggested hav-
ing separate formats and data types for the public
versus official end-users.

Recommendations:

« The RED-E products should be communicated in
multiple formats.

Results should be provided in absolute and normal-
ized terms. For example, casualties should be re-
ported as the total number of casualties and as the
number of casualties divided by residents in the
neighbourhood/municipality/region.
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* RED-E should provide the ability to add ground-
truth data as they become available.

Three wireframes of RED-E products were developed,
based on the comments received during the informa-
tional interviews: text, static, and dynamic, and feed-
back was solicited from two teams of emergency man-
agers at municipal and provincial levels. Some critical
input received, which can be incorporated into RED-E
immediately, is: the inclusion of definitions of terms;
data layers for features like ports, airports, hazardous
materials, etc.; information on injuries that are sepa-
rated into different levels of casualties; debris materi-
als presented by classification; colour-blind friendly bi-
variate choropleth maps to display two variables with-
out compromising space; closer geographic extent for
the community page of the static product; and possi-
bly the inclusion of information on the impacted demo-
graphics and ranked neighbourhoods according to the
severity of impact for the text format. Suggestions that
can be considered in the near future are the inclusion
of CI information and secondary hazards.

All wireframes were well-received, and wusers
see RED-E as highly valuable for immediate post-
earthquake response. End-users need to communicate
impact estimates and capacity gaps when requesting
aid, and RED-E helps identify these gaps. For provincial
governments, it enables proactive support by anticipat-
ing local needs. For local governments, it serves as a
tool to prioritize rescues, submit support requests, and
locate safe areas for displaced populations. Based on
interviews and feedback, users strongly support RED-E,
especially if it incorporates their recommendations,
as it helps bridge the gap until ground-truth data are
available.
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