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Infrastructure

systems engineering

Building community

resilience for disaster

response

Natural and man-made disasters can destroy infrastructure and take lives -
but the way that communities and organisations respond is what defines the
magnitude of their impact. Digital infrastructure, such as social media and
artificial intelligence, present opportunities for improving responses, but also

present challenges around equity and accessibility. Dr Christin Salley at Virginia
Tech in the US is researching how community resilience efforts can be optimised

through the careful and effective integration of technologies into disaster

preparation and response.
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isasters, whether natural or man-made,
can be catastrophic for communities.
We've all seen news reports about
devastating earthquakes, floods or
terrorist attacks and felt shocked and powerless to
help. When these emergencies occur, it is often the
stories of teamwork and community resilience that
give us hope. However, some communities are more
prepared for these situations than others, depending

(D) Talk like an .. iNfrastructure
systems engineer

Disaster literacy — the
ability to access, understand and
apply information about disaster
risks and responses to make
informed decisions

Infrastructure — the
physical and organisational
structures needed for a society
to operate

on the quality of their infrastructure
and their ability to communicate
effectively. Dr Christin Salley at
Virginia Tech is investigating how
digital infrastructure, such as social
media and artificial intelligence (A,
can help communities prepare for and
respond to emergencies.

Community resilience
Community resilience is the ability
of a community to withstand and
recover from the negative impacts
of a disaster. “Many factors affect
community resilience including access
to resources, effective infrastructure
systems, clear and trustworthy
communications, strong social
connections, and the ability to work
together,” says Christin. Much of

her work focuses on how technology

Resilience — the ability to
withstand and/or recover quickly
from challenges or damage

Two-way
communication —
an interactive form of
communication where both
parties involved share and

receive information, enabling

mutual engagement

can improve community resilience,
particularly when it is used for
communication.

When disaster strikes, effective
communication is vital. “Without
effective communication, important
information can be delayed or
confused, and organisations may
struggle to make coordinated
decisions,” says Christin. “When this
happens, the safety of communities
can be put at risk.” Technical
limitations and a lack of capacity can
make it difficult for organisations to
gather and combine data from various
sources to develop a clear picture

of the emergency situation, and to
share accurate, timely, actionable
information with communities in
need.



In today’s world, for better or worse, people
often communicate through technology
such as phones, computers and social media
platforms. While this digital communication
may have drawbacks, it also facilitates the
rapid sharing of information between large
groups of people and organisations. To build
community resilience, these communication
efforts must begin long before disaster
strikes, so that people know what to do in
an emergency situation. “Disaster literacy
is powerful,” says Christin. “Knowing what
to do, where to find resources and who to
contact for help makes a huge difference to
the outcome of an emergency.”

Two-way communication

Rather than simply disseminating
information, organisations involved in
disaster response should engage in two-way
communication with affected communities
by listening and responding to their needs.
“Effective two-way communication can
help to ensure that people get the help and
resources that they need,” says Christin. “It
also helps disaster response organisations
build trust with community members.”

In disaster situations, trust is especially
important. For communication efforts to
work during an emergency, communities
need to be able to trust the information that
they are receiving, and the organisations
providing that information. “This trust is
important because it supports community
resilience,” says Christin. “When there

is trust between groups, there is better
cooperation and participation in the response
to a disaster.” However, it is difficult to build
this trust in the midst of a disaster; instead,
the relationship-building must begin before

When there is trust between
groups, there is better
cooperation and participation
in the response to a disaster.

——

an emergency takes place. “For example,
intentionally including community voices in
disaster preparation and planning means that
communities feel heard and that their needs
are acknowledged,” explains Christin.

Social media can help facilitate two-way
communication, though Christin cautions
against over-reliance on it. “Not everyone

is active online, and the people who engage
with social media only represent a portion

of the community,” she says. “Social media
should be used as an additional tool to
support risk communication, but not the only
tool.” Planning efforts should therefore aim
to make use of social media’s strengths. For
example, social media allows organisations to
quickly share on-the-ground information,
such as damage to infrastructure, and gives
people a platform to communicate their
needs and express their feelings during and
after a disaster. However, it should not be
assumed that information shared on social
media will reach all of the people who need it.

Al for disaster response
Al is also proving to be an increasingly
useful tool for emergency response. “It

© Bilanol/Shutterstock.com

can be an assistive tool and help with
certain time-consuming tasks, freeing

up capacity for meaningful community
outreach, communication and discussion,”
says Christin. “However, there are
concerns around bias and access.” Al
tools are ‘trained’ on huge amounts of
data, allowing them to make human-like
decisions. However, if this training data

is biased, the Al tool can reinforce social
inequities. “For example, if an Al is trained
on data mostly from one demographic
group, it may work better for that group
but not as well for other people,” says

Christin.

Other Al-related challenges are more
practical. “It is expensive to buy, operate
and maintain Al tools,” says Christin.
“There are also generational differences
in people’s comfort with using new
technologies.” It is important to address
all of these concerns to ensure that Al is
used effectively in disaster response - in
ways that are equitable, cost-effective
and accessible to all. “| am starting

new projects to develop benchmarks
and reduce bias in Al, specifically for
emergency call systems,” says Christin.
“l want my research to lead to real social

good.”

Christin has lots of projects in the
pipeline, not just focusing on Al. “| will
also research community engagement,
risk communication and modelling, and
how to combine multiple datasets to
better understand emergency situations,”
she says. “Along the way, | also hope to
mentor others and strengthen disaster
communications efforts across the world.”



Infrastructure is all around us. Roads,
electricity, water, public services and
health networks are all systems that keep
society running. “Infrastructure touches
so many parts of life, which means there
are many different pathways to work in
this field,” says Christin. “You can find a
career in infrastructure systems not just
through engineering, but also through

public health, medicine, urban planning
and other fields.”

Abig challenge for working with digital

infrastructure systems is ensuring that

representative. “It’s important to include
many different perspectives when making
decisions about infrastructure,” says
Christin. “Sometimes this means creating
new data, which takes time and active
participation from community members.”
Christin uses and supplements existing
datasets, creating new data through
surveys, interviews and workshops with
the people affected by the project in
question. “You may not be able to solve
everyone’s problems at once, but by
focusing on one problem at a time, you
can make meaningful progress,” she says.

And because infrastructure is all around
us, it is no surprise that careers can

be found in many different sectors.

“This is a highly interdisciplinary field,”
Christin says. “Academic institutions,
governments, national laboratories,
private industry and consultancies, non-
profits and community organisations,
public policy and advocacy organisations,
and environmental and sustainability
organisations are all looking for specialists
in infrastructure systems.”

the data being used is high-quality and

Pathway from school to
infrastructure systems
engineering

At school, build a foundation in mathematics,
physics, computer science and other sciences. The
humanities can also provide a useful lens to build a
more holistic understanding of the world.

Although Christin mentions that many fields

can lead to a career in infrastructure systems,

her own path involved studying engineering. She
recommends taking core engineering modules at
university, but supplementing these through classes
in the humanities, public health, urban planning or
computing.

&

Explore careers in
infrastructure systems
engineering

Christin recommends exploring the different types

of infrastructure systems and thinking about which of
them you are most interested in. The US Cybersecurity
and Infrastructure Security Agency provides a list of
sixteen critical infrastructure sectors to get you started:
cisa.gov/topics/critical-infrastructure-security-and-
resilience/critical-infrastructure-sectors

Virginia Tech has several programmes to help young
people get involved in engineering, such as those
hosted by the Center for Engineering Excellence
and Discovery: eng.vt.edu/ceed/ceed-pre-college-
programs.html

Virginia Tech also runs summer programmes for high
school students throughout the greater Washington
DC area: dcarea.vt.edu/k12/camps.html
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| was interested in both sports and the arts as a teenager. Sports
taught me perseverance and resilience in the face of adversity,
while the arts nurtured my creativity and curiosity. On top of that,
my family and friends played a formative role in shaping who | am

today.

My desire to help others led me to pursue engineering. | wanted
a career where | could make a meaningful difference in everyday
life. Engineering was once described to me as ‘helping behind
the scenes’ - solving complex problems in ways that quietly but
profoundly improve society.

I love many aspects of my job. It gives me the chance to
creatively solve problems, work alongside communities and
collaborators, and meaningfully contribute to society. As a
professor, | also love mentoring the next generation of scholars
and leaders, encouraging them to pursue careers centred on social
responsibility.

Infrastructure is everywhere and affects everyone. The roads we
travel on, the water we drink, the electricity we rely on - all are
infrastructure. Disasters can create chain reactions affecting many
elements of infrastructure, and therefore lives, so it’s important

to keep improving how these systems are designed, maintained
and managed to better protect people, communities and the
environment.

The support of mentors and loved ones has been integral to
building my career. Throughout every stage of my life, I've always
had at least one person who believed in me. That really matters.
Even when you are determined and resilient, the path is not always
straightforward. Having someone who can listen, offer advice or
help you think through your next steps can make all the difference.

After work, | love binge-watching my favourite TV shows,
travelling, or catching up with friends and family. When | was
younger, | enjoyed baking, and lately I've been rekindling that love!

Christin’s top tips

1. Find a topic or real-world problem that truly interests you,
and choose an engineering field that will enable you to work
in that area.

2. Don’t shy away from engineering just because it seems
challenging — anything worth pursuing takes effort.

3. There is no ‘right’ timeline for becoming an engineer. You
will not be ‘late’ if you have not had prior exposure to the
field or if you study or work in another area before coming
to engineering.
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Talking points

Knowledge
1. What is community resilience?
2. What is two-way communication?

Comprehension

3. How can social media facilitate two-way
communication?

4. How can artificial intelligence (Al) help build

community resilience?

Application

5. What methods can you think of for reducing bias and
increasing equity in Al tools?

6. What real-life examples can you think of that show how
social media can been utilised in response to a disaster?

Analysis

7. Aside from social media, what other communication
channels do you think are used in disaster scenarios?
Who do they target, what methods do they use and how
could they be improved?

8. How can governments and disaster response
organisations build ‘disaster literacy’ more effectively?

Evaluation

9. Though Al has many useful applications, it is also
being used to drive misinformation, especially on social
media. How might this affect disaster response, and
what tools could we develop to mitigate this form of
misinformation?

10. The world is changing, technologies are becoming
more sophisticated, and climate change is increasing the
frequency and magnitude of natural disasters. To what
extent do you think community resilience will, on the
whole, increase or decrease in the future, and why?

Activity

Think about the community you live in, and think about a (real
or imaginary) natural disaster that it could face - for example,
earthquakes, flooding or wildfires.

How could your community build resilience to lessen the
potential impact of this threat? Go through the following
activities individually or in a small group.

Start by imagining what the impacts of this disaster would be
in a situation where your community has low resilience. How
would this disaster impact:

« Infrastructure (transport, electricity, water, etc.)

» Health and well-being (food, disease, healthcare, etc.)

« Economic activities (businesses, trade, etc.)

Now, make a note of some ideas about how these impacts

could be mitigated through prior planning and effective

operations during and after the disaster. Consider:

» Stakeholders involved (local government, relief organisations,
hospitals, schools, community leaders, etc.)

« Communications channels (social media, broadcast media,
word of mouth, etc.)

» Use of technology (social media, Al, drones, etc.)

« Physical infrastructure (floodplains, firebreaks, earthquake-
resistant buildings, etc.)

With these thoughts in mind, and using Christin’s article to
help, draft an ‘action plan’ for your community. Imagine that
you are the central coordinator, in charge of designating
responsibilities and timelines in order to make your community
as resilient as possible before disaster strikes. Design and
present your action plan however suits you best - via a
slideshow, poster, mind-map or any other form of media.

Present your action plan to your class, clearly demonstrating
how each step builds community resilience. Take questions

and answer them as best you can. Watch other action plan
presentations and consider how they compare to your own - if

your whole class were to design an action plan together, which

elements of each presentation would you incorporate?

More resources

« This article from the United Nations (UN) agency for digital

technologies explains how Al could be better used to build
community resilience: itu.int/hub/2025/10/how-ai-can-help-
fund-resilience-not-disasters

+ This video from the UN Office for Disaster Risk Reduction explores

a new tool that aims to transform social media posts into usable data
for disaster response: youtube.com/watch?v=puJ_9l-clYs

« Explore more of Christin’s research through her Google scholar

page, where you can learn more about her work addressing
community resilience and infrastructure systems engineering:

scho|ar.goog|e.com/citations?user:v4nd9kYAAAAJ &hl=en&oi=ao
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Photo montage

Top: Christin presenting her work at the 2024 ISCRAM (Information Systems

for Crisis Response and Management) Conference in Muinster, Germany.
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Middle row: Left: When there is trust between groups, there is better cooperation

and participation in the response to a disaster. © martenaba/Shutterstock.com

Centre: Al can be used to generate and spread misinformation, which can hinder
disaster response efforts. © Skorzewiak/Shutterstock.com

Right: Not everyone has access to technologies such as social media, so

BAS G 4 — important information should be shared through a variety of channels to reach
Cr L various populations.
© MikeDotta/Shutterstock.com
Bottom: Christin presenting her work at the 2024 IAEM (International
— 2 ,’: . Association of Emergency Managers) Conference in Colorado Springs, CO,

USA.
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