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Innovations in Wildfire Management:
Sensor Arrays, Drones, Al, and
Human-Centred Approaches

Wildfires pose a growing threat to human health, ecosystems, and economic prosperity. In
recent years, climate change and historical fire suppression have converged to create more
intense and frequent wildfires, especially in countries like Canada that are warming rapidly
climateinstitute.ca. Canada experienced its most destructive fire season on record in 2023,
with 16.5 million hectares burned — more than double the previous record and nearly seven
times the historical average climateinstitute.ca. This fiery surge has broad implications:
wildfire smoke endangers millions, industries like forestry suffer heavy losses, and
communities face evacuations and destruction. To combat this crisis, a holistic and
innovative approach is emerging — one that blends advanced sensor arrays, drones, and
artificial intelligence (Al) with human expertise and traditional knowledge. This document
explores the past and present context of wildfires and details how cutting-edge technologies,
in tandem with human-centered strategies, can reduce wildfire potential and protect both
lucrative industries and public health. It focuses on Canada while drawing on global
developments, and provides a science-based vision that policymakers and stakeholders can
trust.

The Rising Threat of Wildfires: Trends and Impacts

Escalating Wildfire Activity: Wildfires are a natural part of many ecosystems, but their
scale and frequency are increasing due to climate change and fuel accumulation. Canada’s
fire season is starting earlier, lasting longer, and is harder to contain climateinstitute.ca.
The area burned annually has trended upward for decades climateinstitute.ca. For example,
2023’s unprecedented burn area (16.5 million ha) was over six times the historical
average for Canada climateinstitute.ca. This uptick aligns with hotter, drier conditions and
more erratic weather. Extreme fire weather that would be rare in the past is now much more
likely; one study found climate change more than doubled the likelihood of 2023’s extreme
fire conditions in Eastern Canada climateinstitute.ca. Lightning storms are also becoming
more frequent in a warming climate climateinstitute.ca, igniting more remote fires. In fact, an
astounding 93% of the area burned in Canada in 2023 was from lightning-ignited fires
(versus only 7% from human causes) climateinstitute.ca — a reflection of how climate-driven
lightning can spark massive blazes when forests are tinder-dry. Historically, humans have
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caused slightly over half of Canadian wildfires in number, but lightning-caused fires (though
fewer) have accounted for the majority of area burned canadawildfire.org canadawildfire.org.
This is because lightning often strikes in remote areas where fires can grow undetected,
whereas human-caused fires tend to occur in populated regions where response is quicker
canadawildfire.org. These statistics underscore the need for faster detection and preventive
measures in the face of changing fire regimes.

Health and Environmental Impacts: Wildfire smoke has become a continental-scale
hazard. Smoke from intense fires can travel thousands of kilometers climateinstitute.ca,
exposing millions of people to harmful air pollution. Hot-burning wildfires release high levels
of fine particulate matter (PM:.s), which is linked to increased risks of heart disease, lung
cancer, and other serious health issues climateinstitute.ca. During Canada’s severe 2023
fires, heavy smoke blanketed cities, forcing school closures and raising hospital visits. A
single week of wildfire smoke in Ontario in June 2023 is estimated to have cost over $1.2
billion in health expenses (from premature deaths, emergency room visits, etc.)
climateinstitute.ca. The most vulnerable groups — children, seniors, people with lung/heart
conditions, and outdoor workers — suffer the worst effects climateinstitute.ca. Beyond
physical health, the trauma of wildfires (evacuations, loss of homes) has been linked to
mental health issues like PTSD, anxiety, and depression in affected communities
climateinstitute.ca.

Wildfires also devastate ecosystems by torching forests, disrupting habitats, and emitting
vast carbon emissions that worsen climate change. Critical watershed areas can be
damaged, affecting water quality. Culturally and ecologically important species may decline
after intense fires. While fire is a natural process for forest renewal, the sheer scale and
intensity of modern megafires exceed what many ecosystems experienced historically,
making recovery harder.

Economic and Industry Losses: The economic toll of wildfires is mounting. In Canada, the
cost of wildfire protection (firefighting) has risen by about $150 million each decade since
the 1970s, now often exceeding $1 billion per year climateinstitute.ca. Destructive fires
impose huge direct costs: for instance, the 2016 Fort McMurray fire in Alberta — which
triggered Canada’s largest-ever evacuation (85,000 people) — caused an estimated $9
billion in direct and indirect losses climateinstitute.ca. It destroyed over 2,400 structures,
including entire neighborhoods climateinstitute.ca. Insurance payouts and rebuilding costs
from such fires can make them among the most expensive natural disasters in a country’s
history.

Key economic sectors are at risk. Forestry, one of Canada’s largest industries and
employers, is particularly vulnerable climateinstitute.ca. Wildfires can shut down logging
operations and sawmills, damage timber supplies, and delay reforestation. During severe
fires in British Columbia in 2017, at least 40 forestry companies had to suspend
operations due to the hazard climateinstitute.ca. Beyond forestry, wildfires threaten
agriculture (burning crops or rangeland), tourism (scenes of charred landscapes and
hazardous air deter visitors), and infrastructure. Power utilities face liability if their power
lines spark fires; in response, some conduct pre-emptive power shutoffs in high-risk
conditions, disrupting businesses and communities.
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In summary, the historical and contemporary data make clear that wildfires are a growing
national crisis. The traditional methods of firefighting — ground crews with hoses and
shovels, water-bombing aircraft, and fire lookout towers — though still indispensable, are
straining under the new reality. The need for innovation is evident to protect lives, health,
and the economy. Fortunately, alongside policy measures (like reducing greenhouse gas
emissions and managing forest fuels), technological innovations offer hope in lowering
wildfire potential and mitigating damage. The following sections examine these
innovations, from time-tested Indigenous practices to high-tech sensor networks and
Al-driven tools.

Learning from the Past: Traditional Fire Stewardship
and Modern Practices

Before delving into cutting-edge technology, it's important to acknowledge that the concept of
proactive fire management is not entirely new. Indigenous peoples around the world,
including in Canada, have long practiced “good fire” — the intentional, controlled burning of
land to prevent catastrophic wildfires and to enhance ecosystem health. For thousands of
years, Indigenous communities have purposefully used fire to shape landscapes and
maintain biodiversity weforum.org. These cultural burns are typically low-intensity fires set
during safe conditions (e.g. spring or fall, or after rains) to clear underbrush, recycle
nutrients, and create fire breaks. The result is a mosaic of habitats that reduces the
likelihood of large runaway fires and supports a diversity of plant and animal life
weforum.orgweforum.org. Recent research confirms that Indigenous fire stewardship
increases biodiversity in nearly all ecosystems studied weforum.org, making forests more
resilient. For example, in British Columbia’s Tsilhqot'in territory, small controlled burns in
cooler seasons are used to reduce the risk of summer lightning fires that could threaten
communities weforum.org.

However, colonial settlement and 20th-century fire suppression policies disrupted these
beneficial practices. In Canada and elsewhere, governments for over a century pursued a
strategy of total fire exclusion, operating under the assumption that all wildfires are
harmful. Both natural fires and Indigenous burning were aggressively suppressed
weforum.org. While this may have protected some resources in the short term, it also led to
unintended consequences: forests grew denser and filled with dead wood and debris,
creating a build-up of fuels. Fire suppression without fuel management “let the woods
get choked” — setting the stage for larger, more severe fires when ignition does occur
weforum.org. Today’s megafires can in part be traced to these excess fuels, combined with
hotter, drier weather.

Recognizing this, there is a contemporary movement to re-incorporate Indigenous
knowledge and cultural burning into modern wildfire strategies. Governments are
beginning to see the value of this holistic approach. Is this a form of biomimicry? In a sense,
yes — Indigenous fire stewardship works with natural processes, mimicking the historical fire
regimes that many ecosystems depend on. It's a “learn from nature” strategy: by applying
small fires under controlled conditions (the way nature would through frequent lightning
ignitions or patchy burns, but guided by human wisdom), the landscape is kept healthy and
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massive fires are less likely. One could say these practices are nature-inspired solutions
refined by cultural knowledge.

Concrete steps are being taken. For example, British Columbia launched a Cultural and
Prescribed Fire Program in 2020 to support First Nations in reviving traditional burning for
wildfire risk reduction indigenousclimatehub.ca. This program provides funding and training
for Indigenous-led burns. Likewise, the First Nations’ Emergency Services Society (FNESS)
in B.C. has been training Indigenous firefighters in both modern suppression and traditional
burning techniques indigenousclimatehub.ca. The result is an integrated approach: using
seasonal controlled burns to manage fuels, create natural firebreaks, and maintain forest
health, alongside conventional firefighting preparedness indigenousclimatehub.ca.
Indigenous communities such as the Beaver Lake Cree Nation in Alberta have also
developed fire management plans that weave traditional knowledge of weather patterns,
vegetation cycles, and wildlife behavior into modern wildfire risk modeling
indigenousclimatehub.ca.

Beyond Indigenous practices, historically humans have employed various means to detect
and fight fires. Fire lookout towers staffed by observers were a staple of 20th-century
wildfire detection — a human sensor network scanning for smoke. Early firefighting relied on
local crews, often with minimal technology. Over time, tools like radios, airplanes for water
bombing, and controlled burns (prescribed fires) were adopted. Yet, until recently, these
methods still largely depended on human sight and decision-making on the ground.

In summary, history teaches that combining human wisdom and proactive measures (like
controlled burning or vigilant watch for ignitions) can mitigate wildfire damage. A holistic,
sustainable vision for fire management should blend the old with the new: honoring
Indigenous fire stewardship and local expertise, while also leveraging modern science and
technology. With that foundation, we turn to the innovations revolutionizing wildfire
management today — innovations that aim to detect and suppress fires faster and more
safely than ever before.

Al and Predictive Analytics: Anticipating Wildfires
Before They Start

One of the most promising advances in wildfire management is the use of artificial
intelligence (Al) and data analytics to predict where and when wildfires are likely to occur.
Traditionally, fire agencies have used fire weather indices and historical averages to gauge
risk, but the chaotic nature of weather and ignition meant wildfires were seen as inherently
unpredictable. Now, machine learning algorithms are changing that narrative by finding
patterns in vast datasets that humans could easily miss.

A leading example is Louisiana State University’s “DeepFire” Al system, which has
demonstrated up to 90% accuracy in predicting wildfire outbreaks, significantly
outperforming the roughly 70% accuracy of traditional prediction methods
desautelscentre.ca. Systems like DeepFire are trained on extensive data: decades of past
wildfire occurrences, real-time meteorological data, lightning strike forecasts, satellite
observations of vegetation dryness, topography, and more desautelscentre.ca. By analyzing
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how these factors converge, the Al can forecast elevated fire risk days or even weeks in
advance for specific locations desautelscentre.ca. For instance, if the model detects a
pattern of extremely low humidity, high winds, and recent lightning storms in a forested
region, it might flag a high probability of ignition and rapid fire spread in the coming days.

The power of such prediction is that it enables pre-emptive action. Rather than simply
reacting to fires once they’re spotted, authorities can stage resources in advance in the
areas the Al deems high-risk desautelscentre.ca. Jurisdictions could declare fire bans,
pre-position firefighting crews and equipment, or issue public alerts when a severe fire
weather episode is predicted. Essentially, it's analogous to how meteorologists warn of
hurricanes — but here we warn of invisible “firestorms” brewing in the weather and landscape
conditions. In Canada, integrating these Al predictions with existing tools like the Canadian
Wildland Fire Information System (CWFIS) — which already provides daily fire weather
maps — could greatly sharpen decision-making desautelscentre.ca. Provinces like Manitoba,
which saw a jump in burned area in recent years desautelscentre.ca, could strengthen early
warning systems by using Al to prioritize surveillance and preparations in the most
vulnerable northern forests desautelscentre.ca.

Beyond predicting ignition risk, Al is also being used to anticipate fire behavior once a blaze
has started. Advanced models, including emerging generative Al approaches, can rapidly
simulate a wildfire’s spread based on terrain, fuel, and weather inputs desautelscentre.ca.
For example, researchers at the University of Southern California developed an Al that uses
satellite imagery to continuously track an ongoing fire and predict its next moves with
remarkable accuracy desautelscentre.ca. Such technology can forecast where a fire will be a
few hours from now, how fast it will move, and even how tall or hot the flames might get. This
is crucial for tactical planning: evacuation orders and road closures can be issued earlier
along a fire’s projected path, and firefighters can position themselves where the fire is
headed rather than where it is right now.

In short, Al and predictive analytics offer a way to “get ahead” of wildfires. By
forecasting fire risk and behavior, these tools let us shift from a purely reactive stance to a
proactive one. Policymakers can use Al-driven risk maps to guide forest management (e.g.
scheduling prescribed burns or forest thinning in high-risk zones identified by models), and
emergency services can allocate their budgets and training efforts more efficiently. It's
important to note that these systems are data-hungry and require collaboration —
meteorological agencies, forestry services, and researchers must share data and continually
update models. But when grounded in rigorous science and validated by real-world results,
Al predictions could become as routine as daily weather forecasts, giving communities a
critical head-start in preparing for potential wildfires.

Sensor Arrays and Early Detection Systems: Spotting
Ignitions in Minutes

Even with the best prevention, not all wildfires can be averted. When an ignition does occur
— a lightning strike or a spark from machinery — detecting it quickly is absolutely vital. A
wildfire that is attacked in its first few minutes has a high chance of being contained at a
small size; if allowed to smolder for an hour, it can grow exponentially into an inferno that
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overwhelms firefighting efforts. Traditionally, early detection has relied on watchtower
lookouts or reports from the public (e.g. a 911 call about smoke). But these methods leave
gaps, especially in remote regions or at night. This is where sensor arrays, cameras, and
satellite monitoring augmented by Al are making a game-changing difference.

Modern wildfire detection networks are being likened to placing a “fire alarm in the forest”
globalnews.ca. For instance, the city of Vernon in B.C., Canada, has piloted an Al-driven
wildfire detection system created by the tech firm SenseNet. The system deploys scores of
sensors and cameras throughout the forest on mountaintops, towers, and even strapped
to trees globalnews.ca. These devices continuously monitor environmental cues: air
composition (gases and smoke particles), temperature, and visual cues. According to
SenseNet, the array can recognize the very earliest signs of a fire ignition — such as a
sudden spike in carbon monoxide or volatile organic compounds, or the infrared signature of
a hot spot — and triangulate the location within moments globalnews.ca. In Vernon'’s trial, this
meant firefighters could be alerted within minutes, whereas relying on human sight (seeing
a smoke column) might take an hour or more globalnews.ca. The Vernon fire chief described
it as extending the concept of building smoke alarms to the great outdoors globalnews.ca.
During two years of testing, about 150 sensors were deployed around the community, and
an additional 100 were installed by a nearby resort area keen to protect itself globalnews.ca.
This demonstrates how stakeholders like municipalities and private enterprises (e.g. a
resort) can collaborate to fund and install sensor networks that safeguard regions of value.

The SenseNet system is just one example of a broader trend. Hybrid detection networks
use a mix of satellites, high-definition cameras, and ground sensors to ensure no fire goes
unnoticed. On the satellite front, projects like Google’s FireSat are designing constellations
of satellites dedicated solely to wildfire monitoring desautelscentre.ca. FireSat’s vision is to
have satellites with infrared sensors that pass over a given point every few minutes,
scanning for the thermal signature of fires. In fact, these satellites aim to detect fires as small
as 5x5 meters — roughly the size of a large room — whereas older satellite systems could
only reliably spot much larger hot spots desautelscentre.ca. By catching fires at such an
early stage from space, and doing so in near real-time (updates every 10-20 minutes), a
global satellite network could function as an eye in the sky, particularly for remote wilderness
where no ground sensors exist.

Closer to the ground, camera networks are being deployed on mountaintops and fire
lookout towers, but with an Al twist. A leading example is ALERTCalifornia, a program in the
U.S. that has over 1,100 pan-tilt-zoom cameras surveilling high-risk areas
desautelscentre.ca. These cameras feed video to an Al system trained to recognize the first
wisps of smoke on the horizon. The Al can flag a potential fire even before any human
notices, prompting a dispatcher to zoom in or send a patrol to verify. By automating the
watch process, agencies save precious manpower and can cover far more area continuously
desautelscentre.ca. Similar camera-based systems are being tested or used in other
countries as well, creating a 24/7 digital fire watch.

Ground-based sensor arrays represent another layer. These include not only the
multi-sensor boxes like SenseNet’s (sniffing for combustion gases and heat) but also
emerging biomimetic sensors inspired by nature. One fascinating innovation takes cues
from the black fire beetle, an insect that can detect forest fires from up to 80 km away by
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sensing infrared radiation and smoke chemicals nordicbiomimicry.org. Scientists in Germany
have mimicked the beetle’s extraordinary infrared detectors to create sensitive fire sensors
that could be distributed through forests, sounding an alert at the first hint of heat or smoke
nordicbiomimicry.org. In effect, these are electronic “noses” and “eyes” modeled on a
creature evolved to find fire. Such biomimicry could greatly enhance detection capabilities,
reaching sensitivity levels far beyond standard heat sensors.

A comprehensive early detection strategy often integrates multiple technologies for
redundancy. For instance, Germany’s Dryad system (one of the XPRIZE Wildfire
semifinalists) combines solar-powered loT sensors on the ground with drone
overflights news.mongabay.com. The solar sensors form a mesh network that can detect a
fire in its smoldering stage (when there’s only a bit of smoke and heat)
news.mongabay.com. Upon an alert, drones are dispatched to the location to verify and
even start initial suppression. We'll discuss drones more in the next section, but the point
here is that real-time monitoring from ground to sky is feasible and increasingly affordable.

The benefits of ultra-early detection cannot be overstated. By catching fires right after
ignition (within seconds or minutes), response teams can often extinguish a blaze when it's
still small — preventing another megafire and its dire consequences. This directly protects
human health and safety by avoiding the massive smoke production and rapid spread that
occur if a fire smolders undetected. It also means firefighters can engage under safer
conditions, tackling a nascent fire rather than a raging inferno. Additionally, some sensor
networks can automatically differentiate between true fires and false alarms (like dust or
fog), reducing the burden of unnecessary dispatches. As Vernon’s fire chief noted, such
systems are an additional “layer of protection,” not a replacement for citizen reports or
ongoing efforts to reduce fuel loads globalnews.ca globalnews.ca. The public is still
encouraged to report smoke sightings, and traditional lookout and patrol methods remain in
use — but now they are augmented by a high-tech safety net.

In Canada, scaling up sensor and camera networks is a priority for the coming years.
Conversations are already underway among fire chiefs about sharing experiences from pilot
projects like Vernon’s Al system, with hopes of building regional early detection networks
across provinces globalnews.ca. Policymakers can facilitate this by investing in infrastructure
(like communication towers, satellite bandwidth, and sensor R&D), and by developing
standards for data-sharing between agencies (for example, integrating provincial sensor
alerts with federal satellite data feeds). Importantly, these detection systems also reassure
industries and the public: a resort in the Okanagan region explicitly invested in sensors to
demonstrate its commitment to guest safety and to lure back tourists after bad fire seasons
globalnews.ca globalnews.ca. Early wildfire detection thus becomes a selling point for
economic resilience, protecting livelihoods along with lives.

Unmanned Aerial Systems: Drones in Fire Surveillance
and Suppression
The advent of unmanned aerial systems (UAS), commonly known as drones, is

revolutionizing how we monitor and fight wildfires. Drones come in various sizes and
capabilities — from small quadcopters that fit in a backpack to large autonomous helicopters


https://www.nordicbiomimicry.org/black-fire-beetle/#:~:text=The%20Black%20Fire%20%E2%80%93%20melanophilia,to%20a%20fire%20early%20on
https://www.nordicbiomimicry.org/black-fire-beetle/#:~:text=combustion%20products%20in%20very%20small,to%20a%20fire%20early%20on
https://news.mongabay.com/short-article/2025/07/drone-swarms-and-ai-take-aim-at-stopping-wildfires-in-10-minutes/#:~:text=Others%20focus%20on%20scale%20and,suppression%20UAVs%20to%20detect%20fires
https://news.mongabay.com/short-article/2025/07/drone-swarms-and-ai-take-aim-at-stopping-wildfires-in-10-minutes/#:~:text=Others%20focus%20on%20scale%20and,suppression%20UAVs%20to%20detect%20fires
https://globalnews.ca/news/10626077/ai-wildfire-detection-in-vernon-bc/#:~:text=Lind%20said%20the%20new%20system,fire%20fuel%20and%20other%20initiatives
https://globalnews.ca/news/10626077/ai-wildfire-detection-in-vernon-bc/#:~:text=Story%20continues%20below%20advertisement
https://globalnews.ca/news/10626077/ai-wildfire-detection-in-vernon-bc/#:~:text=Lind%20said%20he%20had%20talked,wildfire%20early%20detection%2C%20he%20said
https://globalnews.ca/news/10626077/ai-wildfire-detection-in-vernon-bc/#:~:text=,train
https://globalnews.ca/news/10626077/ai-wildfire-detection-in-vernon-bc/#:~:text=The%20cost%20of%20the%20system%E2%80%99s,after%20initial%20testing%20proved%20positive

— and they offer several key advantages: rapid deployment, the ability to reach remote or
dangerous areas, and no risk to human pilots. When equipped with sensors or firefighting
payloads, drones become versatile tools that complement traditional ground crews and
aircraft.

Surveillance and Intelligence: Drones outfitted with thermal infrared cameras and optical
sensors are now frequently used to gather real-time intelligence on active wildfires. They can
fly through smoke and at night, conditions that often ground manned aircraft. For example,
a drone can map the hot spots along a fire perimeter at 2 AM, guiding ground crews to the
critical areas before dawn. Drones also excel at spotting new ignitions that might leap
ahead of the main fire (so-called spot fires), thanks to their aerial perspective and heat
sensing. In essence, a network of drones can act as roving “eyes in the sky,” filling the gaps
between satellites (which might only pass a given area a few times a day) and stationary
ground cameras. Together with Al, drones can patrol high-risk zones during extreme
weather, ensuring any flare-up is immediately observed and reported globalnews.ca.

Firefighting and Suppression: Beyond observation, drones are increasingly capable of
direct firefighting. Unmanned water-bombers are being tested that can drop water or
retardant on a blaze without a pilot. In British Columbia, Canada, a startup called FireSwarm
Solutions is pioneering Al-controlled drone swarms for wildfire suppression
desautelscentre.ca. These drones are heavy-lift octocopters that can carry up to 880
pounds of water or retardant each desautelscentre.ca. Working in concert, a fleet of such
drones could attack a fire from multiple angles or perform continuous drops by alternating
runs to a water source. Crucially, FireSwarm’s drones are designed to operate at night and
in low-visibility conditions (e.g. heavy smoke) when conventional firefighting aircraft are
grounded for safety desautelscentre.ca. This addresses a long-standing gap: historically,
aerial firefighting largely stops after dusk, giving fires a chance to rage overnight. With
drones, the battle can continue 24/7.

Safety is a major driver for adopting firefighting drones. A sobering statistic from the United
States: between 2006 and 2016, 24% of wildland firefighter deaths were due to aircraft
crashes (helicopter or plane) during firefighting operations desautelscentre.ca. By using
unmanned systems, we remove pilots and crew from harm’s way, while still achieving the
mission. Drones can fly in dangerous turbulence or visibility that would be lethal to human
pilots, and if a drone is lost, it is a financial hit but not a human tragedy. This risk reduction
has led agencies worldwide to rapidly expand drone programs for wildfires. In fact, many
firefighting units now train dedicated UAS teams.

Innovative Applications: Some drones are used in counterintuitive ways — for example, to
start fires in order to fight fire. This refers to prescribed burns and backburns ignited by
drone. Small ignition drones carry devices called Plastic Sphere Dispensers (PSDs) which
drop pea-sized incendiaries (dubbed “dragon eggs”) that ignite on the ground. This allows
firefighters to remotely burn off fuels ahead of an advancing wildfire or to conduct prescribed
burns in areas that are difficult or unsafe to access on foot nebraskapublicmedia.org. By
precisely controlling where and when these small fires are lit (often via GPS waypoints),
drones can help create firebreaks or reduce fuel with minimal personnel on the ground. The
Nature Conservancy and some forestry agencies have already used such systems to ignite
controlled burns over large acreage that would have taken much longer by hand crews
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enterprise-insights.dji.com. This is another case of technology amplifying a traditional
practice (controlled burning) in a safe and efficient manner.

On the larger end of the spectrum, companies are integrating autonomous flight tech into
existing aircraft. One example is Rain Industries in California, which is converting full-size
Black Hawk helicopters into robotic firefighting craft desautelscentre.ca. Using an Al-driven
mission management system and Sikorsky’s MATRIX autonomous flight control, these
helicopters can conduct water drops on fires without a crew onboard desautelscentre.ca.
They could potentially respond to night-time fires or in extreme smoke, guided by sensors
and Al that plot the drop coordinates. This blurs the line between “drone” and traditional
aircraft, but it underscores the future: a mix of crewed and uncrewed vehicles working in
tandem for wildfire suppression.

Drone Swarms and Coordination: The XPRIZE Wildfire competition, an international
challenge launched in 2023, encapsulates the cutting edge of what drones and Al might
achieve. The goal set by XPRIZE is astonishing — to detect and extinguish a wildfire in
under 10 minutes within a 1,000 km? area, using fully autonomous systems
news.mongabay.com. Teams from around the world are testing “system-of-systems”
approaches to meet this goal, many involving coordinated swarms of drones
news.mongabay.com. For instance, one semifinalist team (Crossfire, USA) deploys small
scout drones to locate fires and then dispatches larger “FireJumper” drones to douse them
news.mongabay.com. Canada’s own FireSwarm Solutions (as noted) is part of this
competition, emphasizing night-operating drone swarms, and Germany’s Dryad team links
ground sensors with both recon and suppression drones to catch fires extremely early
news.mongabay.com. While a 10-minute detection-to-extinguish timeframe is ambitious,
these efforts show what’s on the horizon: an automated, always-vigilant drone response that
could tackle fires faster than humans ever could.

Policymakers can aid the integration of drones by updating regulations (e.g. permitting
beyond-visual-line-of-sight operations for firefighting drones, creating airspace coordination
rules between manned and unmanned craft during incidents). Investments in drone fleets for
fire agencies and support for R&D (like payload improvements, longer flight endurance, and
Al coordination algorithms) will pay dividends in safer and more effective firefighting. In time,
we might envision a standard toolkit for initial attack on fires: as soon as a smoke alert
comes in, drone “first responders” launch automatically from a nearby station, assessing
the scene and perhaps knocking down the flames before the first human crews arrive. This
kind of agility could dramatically lower the chance of small fires becoming the next colossal
blaze.

Protecting People and Industry: Health, Safety, and
Economic Resilience

At the core of wildfire innovation is a simple goal: protecting people. This includes the
safety of firefighters and first responders, the health of residents breathing the air, and the
economic security of communities that depend on natural resources and tourism. The
technologies and strategies discussed are being developed with these human outcomes in
mind.
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Firefighter Safety: As described, drones and Al can take on some of the most dangerous
tasks in wildfire response — from flying through smoky canyons to predict fire behavior, to
conducting nighttime water drops — thereby shielding human firefighters from undue risk.
Fewer piloted flights in hazardous conditions mean fewer chances for tragic accidents.
Moreover, real-time intelligence from sensors and Al predictions improves situational
awareness, so incident commanders can avoid deploying crews in paths of unpredictable
fire surges. In a dynamic wildfire, conditions can change in seconds; having Al models that
predict fire spread and sensors that track weather shifts helps command teams decide
when to pull personnel back for safety. It is a grim reality that wildland firefighting claims lives
every year, but with smarter tools guiding strategies, the hope is to drive those fatality rates
down.

Public Health and Early Warnings: For the general public, one of the best defenses
against wildfire smoke and flames is early warning and information. Al-driven prediction
systems can enable health authorities to issue air quality advisories days ahead, giving
vulnerable people time to prepare or relocate if needed. Sensor networks not only detect
fires, but some are now being used to monitor smoke dispersion in real-time, feeding data to
air quality models. For example, if a fire is detected early and its size estimated, public
health officials can forecast where the smoke plume will travel and alert those downwind.
This could lead to timely evacuation orders or the opening of clean air shelters before the
smoke hits. In the 2023 fires, many people were caught off guard by severe smoke in areas
far from the flames; more sophisticated modeling and data would improve those outcomes.

Communities in wildfire-prone areas are increasingly adopting emergency communication
systems that leverage Al and big data. Cellphone alert systems can push notifications when
a fire ignites nearby, and even tailor messages based on a person’s location and escape
routes (some systems analyze traffic and fire spread to recommend evacuation paths).
While these are more on the software side, they rely on the fast detection and accurate
prediction provided by the sensor/Al innovations we discussed. Essentially, the sooner and
more precisely you know there’s a fire and where it's heading, the more effective your alerts
to the public will be.

There is also a direct benefit to public health in preventing megafires: reduced smoke
exposure. The heavy smoke of large wildfires has immense health costs — recall the
$1.2 billion toll in Ontario from just one smoky week climateinstitute.ca. By catching fires
early and keeping them small, these technologies help avoid such scenarios, thus protecting
the lungs and well-being of potentially millions of people. In economic terms, preventing one
massive fire might save more in health costs and lost productivity than the price of installing
an entire network of sensors or training drone teams. This is a powerful argument for
investment: an ounce of prevention is worth a pound of cure when it comes to wildfire
smoke.

Safeguarding Industry and Infrastructure: Innovations like powerline monitoring
sensors (for instance, the loT sensors by B.C. startup CRWN.ai that detect electrical faults
on transmission lines bcbusiness.ca) illustrate how technology can prevent industry-caused
ignitions. Power lines have sparked devastating wildfires in the past; by using smart sensors
and Al to continuously watch for anomalies (like a line emitting sparks or heating up
abnormally), utilities can fix issues before they cause a blaze bcbusiness.ca. This not only
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protects the public but also shields the industry from liability and downtime. Similarly, early
detection systems give forestry companies a chance to respond swiftly to fires on their land
holdings, potentially saving valuable timber stands. Some forestry operations now station
drones on-site during fire season to immediately investigate any sign of smoke and even
begin suppression, buying time until provincial firefighting services arrive.

Tourism and recreation-based businesses — ski resorts, fishing lodges, vineyards — also
benefit from a reputation of being “high tech ready” for wildfires. If a resort can show it has a
state-of-the-art fire detection and sprinkler system, tourists may feel more confident visiting
during the summer. This was exactly the sentiment expressed by Predator Ridge Resort in
the Okanagan after investing in the SenseNet detection system: it was a “leading-edge
technology” providing an extra layer of safety, helping reassure guests and residents
that proactive measures are in place globalnews.ca globalnews.ca.

Mental and Cultural Well-Being: It's worth noting that protecting people is not just about
physical safety or dollars saved; it's also about preserving ways of life and heritage. By
preventing runaway wildfires, we protect culturally significant sites, whether it's an
Indigenous community’s traditional territory, a historic park, or simply people’s hometowns
and memories. Incorporating Indigenous fire stewardship has the dual benefit of reducing
risk and also empowering Indigenous communities to lead in land management, which
can heal historical wounds and strengthen cultural continuity. This recognition and respect —
keeping people in the picture — ensures that wildfire solutions are not only high-tech and
efficient, but also socially just and inclusive.

In summary, the matrix of Al, sensors, and drones is not about technology for its own sake
— it's about leveraging every tool possible to keep people safe, maintain healthy
environments, and sustain the economy. Each innovation must be evaluated by how well it
serves those ends. The evidence so far suggests that when properly deployed, these tools
can drastically improve outcomes: fewer lives lost, fewer homes burned, less smoke in our
lungs, and less disruption to jobs and industries. The next section will consider how we
implement these solutions in practice, including the important roles of policy and
international cooperation.

Policy, Collaboration, and Implementation
Considerations

Advanced technology alone will not solve the wildfire challenge; it must be embedded in
supportive policies, adequate funding, and collaborative frameworks. Policymakers at all
levels — federal, provincial/state, local, and Indigenous governance — have a critical role in
enabling the widespread adoption of the innovations discussed.

Investment and Funding: Many of these technologies require significant up-front
investment. Governments should consider wildfire early detection and suppression tech as
infrastructure for national resilience. For example, creating a country-wide network of
automated detection cameras or satellite access could be treated akin to building weather
radar infrastructure. Public funding or public-private partnerships can help cover the costs,
especially in high-risk regions or for smaller communities that lack resources. The return on
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investment, as noted, is potentially huge when averted wildfire disasters are accounted for.
Policymakers can also incentivize the private sector: forestry and utility companies might
receive tax breaks or insurance benefits for installing certified fire detection systems on their
lands and equipment.

Regulatory Support: Updating regulations to accommodate new tech is vital. Aviation
authorities need to set rules for firefighting drones so they can operate beyond visual line of
sight and coexist with water bombers and helicopters safely. Spectrum regulators should
allocate communications bandwidth for remote sensors and drone control, ensuring these
systems have reliable connectivity even in rugged terrain. Environmental and parks agencies
may need to adjust rules to allow more proactive measures like prescribed burns (with
Indigenous leadership) and the installation of sensors in wilderness areas. Care must be
taken that environmental assessments consider any potential negative impacts (for instance,
litter from drone incendiary spheres, or the risk of a drone crash causing a fire — though rare,
contingencies should be in place).

Interagency Coordination: Wildfire management often involves multiple agencies — fire
services, forestry departments, health departments (for air quality), emergency management
offices, and even military assistance in big events. To fully leverage Al and sensor data,
information-sharing protocols are crucial. This might mean creating centralized wildfire
data platforms where satellite detections, camera feeds, and sensor alerts all feed into a
common operating picture accessible to all relevant authorities. Efforts like the Canadian
Interagency Forest Fire Centre (CIFFC) already facilitate resource sharing between
provinces; building a unified digital system for wildfire intelligence would further strengthen
cooperation. Internationally, too, coordination is beneficial: for example, Canada could share
live data with the U.S. or vice versa when fires threaten border regions, and both could
benefit from each other’s satellite assets and research.

Legal and Liability Frameworks: As Al and automated systems take on larger roles,
questions arise such as: who is responsible if an Al fails to predict a fire that then causes
damage? Or if a drone accidentally trespasses or malfunctions? Policymakers need to work
on modernizing liability laws and setting standards for Al reliability and transparency.
Using Al “as evidence” — for instance, to justify a pre-emptive power shutoff or evacuation —
might eventually be challenged in court, so agencies must ensure their tech is well-validated
and documented. This is why grounding innovations in real science and citations that hold
up in court is important. For example, if a predictive model recommends an unprecedented
action (like closing a major highway due to fire risk), officials should be able to point to the
scientific basis and accuracy record of that model desautelscentre.ca. Peer-reviewed
studies, pilot project results, and transparent algorithms can build the necessary trust.

Community Engagement and Equity: Keeping people in the picture means involving
communities in the rollout of these technologies. Public education campaigns can explain
how new sensor alarms or drone patrols work, so people aren’t surprised or confused by
them. Engaging Indigenous communities as equal partners, especially in areas with
traditional fire knowledge, can ensure technology is used to complement cultural practices,
not override them. It’s also important to consider equity: will all communities benefit, or only
wealthy ones that can afford these systems? Policymakers should aim to deploy
innovations in underserved and high-risk rural areas, not just around affluent towns or
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critical infrastructure. Wildfire risk doesn’t differentiate by social status, and in fact remote
and Indigenous communities can be disproportionately affected by wildfires. Thus, a fair
approach might involve government providing the tech backbone (satellite data, regional
drone teams, etc.), while local groups provide contextual knowledge and on-the-ground
presence.

Training and Jobs: Adopting advanced technology also creates new training needs and job
opportunities. Fire agencies will need Al specialists, drone pilots, sensor technicians, and
data analysts alongside traditional firefighters. Governments and universities can collaborate
to create training programs or certifications for “fire tech” professionals. The upside is the
potential for job creation in these new roles and for existing firefighters to upskill (e.g. a
seasonal firefighter might become a drone operator in the off-season, or an Indigenous fire
practitioner might lead a cultural burning program integrated with modern forecasting tools).
Embracing innovation thus includes capacity building so that a broad base of people can
operate and interpret the new systems.

International Cooperation: A Global Fight against
Wildfire Threats

Wildfires are not confined by borders, and neither are the solutions. International cooperation
greatly enhances wildfire management — from mutual aid during emergencies to shared
research and development of technologies. Given that climate change is fueling larger fires
around the world (witness the massive bushfires in Australia 2019-20, extreme fires in
Mediterranean Europe and California, and even unprecedented forest fires in Siberia), there
is a strong impetus for countries to work together on this common challenge.

One aspect of cooperation is resource sharing during crises. Canada, the United States,
Australia, New Zealand, and many European countries have reciprocal agreements to send
firefighters and equipment to each other when needed. For example, the U.S. has formal
agreements with Canada, Mexico, Australia, and New Zealand that allow exchange of fire
crews and aircraft whenever any partner faces major wildfire activity fs.usda.gov. In practice,
Canada and the U.S. have sent personnel back and forth virtually every year, and
Australia/NZ have dispatched teams to North America (and vice versa) during severe
seasons fs.usda.gov fs.usda.gov. These arrangements increase surge capacity — a nation
dealing with an overwhelming fire load can call in reinforcements. It’s critical that such
cooperation continues and expands, especially as multiple regions may experience severe
fires simultaneously in a warming world.

In terms of technology and knowledge, international forums and competitions are spurring
collaboration. The XPRIZE Wildfire competition we discussed has teams from several
continents sharing ideas and pushing the envelope of what’s possible news.mongabay.com
news.mongabay.com. Conferences like the International Wildland Fire Conference (held
every four years) bring together experts globally to exchange best practices and research
findings fs.usda.gov. The United Nations has an International Fire Aviation Working
Group and Wildland Fire Advisory Group, which develop global guidelines and promote
capacity-building in fire management fs.usda.gov. Through these bodies, countries learn
from success stories and failures elsewhere — for instance, Europe’s advances in early
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warning systems, or Indigenous fire management techniques from Australia, or the latest Al
models from American universities.

Joint projects are also emerging. The Global Wildfire Information System (GWIS) is a
collaborative platform (led by Europe’s Copernicus program with input from NASA and
others) to share real-time wildfire data and risk analysis across borders
earthobservations.org ui.adsabs.harvard.edu. It aims to harmonize information so that, for
example, a fire in one country near a border is immediately visible to its neighbor’s
firefighters, and so that all nations have access to satellite-based fire detection regardless of
their own space capabilities gwis.jrc.ec.europa.eu. This kind of data sharing is a force
multiplier: more data and perspectives lead to better modeling and earlier detection
everywhere. Canada, with its vast forests, stands to benefit from and contribute to such
global systems — for instance, our boreal fire data helps refine global climate impact
estimates, and international satellite data helps us monitor our remote northern areas.

Additionally, international aid and development programs increasingly include wildfire
management. Agencies like the World Bank and USAID fund projects to bring advanced
wildfire tech and training to developing countries facing new wildfire risks worldbank.org.
This fosters goodwill and global safety; after all, massive fires can have planetary impacts
(smoke from Australian fires circled the globe, and carbon emissions affect everyone). By
participating in these efforts, Canada can both share its expertise (our fire scientists and
managers are among the world’s most experienced) and learn from fire-prone regions with
different challenges, like tropical peat fires in Indonesia or savannah fires in Africa.

Finally, global cooperation is crucial on the root cause: climate change. Reducing
greenhouse gas emissions worldwide is paramount to stabilizing fire regimes in the long
term. In the interim, sharing strategies for climate adaptation — such as how to build
fire-resilient communities, design structures to resist burning, and manage forests in a
changing climate — will help all nations. In essence, the fight against wildfires is a global
one, and so must be the response. Technology transfers, mutual aid, and collective
innovation are key to protecting what we all value: healthy people, productive industries, and
thriving forests.

Conclusion: Toward a Fire-Resilient Future

Wildfires will likely never be completely eliminated — they are, in some sense, an unwieldy
companion to human civilization, especially as we live and work in fire-adapted landscapes.
However, as this report has detailed, we are not powerless. Through a combination of
cutting-edge innovations and time-honored wisdom, we can dramatically lower the
potential for catastrophic wildfires and reduce their impacts when they do occur.

In this vision of a fire-resilient future, a lightning strike in a remote Canadian forest might
trigger an alert on an Al system within seconds. A nearby lookout camera, enhanced with
machine learning, swings to zoom in and confirm a thin wisp of smoke. Within minutes, an
autonomous drone is dispatched to the coordinates, pinpointing a small flame, and perhaps
deploying a suppressant or at least surveilling until ground crews arrive. At the same time,
local Indigenous fire officers, who have been conducting controlled burns in that region as
per ancestral practice, find that the blaze diminishes quickly upon reaching areas previously
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treated with cultural burning — the fuel simply isn’t there to feed a monster fire. The fire is
contained to a few hectares, with minimal damage. Residents downwind receive text alerts
about possible light smoke, but nothing on the order of magnitude of past crises. A disaster
is averted.

Achieving this scenario broadly will require sustained commitment. It means investing in
technology and people, fostering cooperation between tech developers and firefighters,
between government agencies and Indigenous communities, between nations and
neighbors. It means continually validating the science, ensuring that every tool — be it a
drone, an Al model, or a traditional burn — is used in the right way at the right time. It also
means addressing climate change, the driver of much of the new wildfire era, through
aggressive emissions reductions and adaptive land management.

The evidence and cases presented here — from sensor arrays in B.C. to Al predictions in
Louisiana, from drone swarms in development to Indigenous fire stewardship — all point to a
confluence of possibilities. When artificial intelligence, advanced sensors, and drones
are thoughtfully integrated with human expertise and traditional knowledge, we get an
approach that is both high-tech and human-centric. People remain firmly “in the loop,”
guiding strategic decisions and bringing contextual judgment that machines alone lack.
Importantly, stakeholders from policymakers to industry leaders to local citizens are part of
the solution. Forestry companies can embrace new prevention tech to protect their assets,
health officials can use fire data to protect the public, and community leaders can champion
both new and old mitigation practices (from fire-smart building codes to cultural burns).

For policymakers reading this document, the takeaway is clear: support and scale up
these innovations. Equip your wildfire management agencies with the tools of tomorrow,
today. Ensure that regulations encourage innovation rather than hinder it. Provide stable
funding for wildfire science and the operational deployment of proven technologies. And
remember that protecting lucrative industries and human health are not at odds with
environmental stewardship — in fact, they all align when we reduce the incidence of
uncontrollable wildfires.

In conclusion, the wildfire problem is urgent but solvable. Through international cooperation,
robust science, and a holistic strategy that keeps people at the center, we can create a
future where wildfires are detected early, responded to intelligently, and managed in
harmony with the land. The sky may still turn orange on occasion, but with vigilance and
innovation, we can keep the blue skies shining and the forests green for generations to
come.
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