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In 2023, Canada faced its most extreme fire season since 1950, with

YOUNG REVIEWERS: ) . .
fires consuming over 15 million hectares—an area larger than Greece.

g AVLEEN This is eight times more than what usually burns in a typical year.
S y ace1s Fires forced thousands of people to evacuate, while smoke plumes
- stretched as far as New York, and even reached Europe. Why do such

@ rE 10 extreme fires occur in these cold, northern regions? Northern forests,
called boreal forests, are home to trees that have adapted to fire

SOPHIE over thousands of years—some even depend on it to grow. However,

g AGE: 15 climate change is disrupting this fire-vegetation balance. Warmer,

drier conditions intensify fire frequency and severity, leaving forests
less time to recover. When fires become too frequent/severe, they
can disrupt regeneration, transforming ecosystems and the forest's
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BOREAL FOREST

A vast forest found in
northern regions of the
planet, dominated by
coniferous trees like
black spruce and jack
pine. It plays a key role
in carbon storage and
wildlife habitats.

CONIFERS

Trees and shrubs that
produce cones and
have needle- or
scale-like leaves,
typically adapted to
cold climates. The two
main conifer species in
northern forests of
North America are
black spruce and

jack pine.

CROWN FIRE

An intense fire that
spreads through the
canopy of a forest.
Crown fires are the
most dangerous type of
fire, as they can spread
quickly and are

often uncontrollable.
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role in fighting climate change. Join us on a journey to the frozen
north, where fires shape forest landscapes: a “burning” issue.

WHAT IS THE BOREAL FOREST?

The boreal forest is one of the largest biomes on Earth, representing
nearly one third of the world’s forested area. It stretches across
the cold regions of the Northern Hemisphere, from Canada and
Russia to northern Europe. During winter, temperatures can drop to
a bone-chilling —50 °C, colder than your home freezer! Summers are
relatively warm, with long days of sunlight that help plants to grow
quickly during the short growing season. This harsh, vast environment
is home to well-known animals like beaver, moose, bears, and caribou.
Most of the trees here are conifers, like black spruce and jack
pine. Their secret? Needles and cones specially adapted to withstand
extreme cold. These conifers cover 80% of Canada’s forests, forming
the backbone of this unique ecosystem.

Boreal forests are also vital for people. For thousands of years,
Indigenous Peoples have lived in and cared for these forests, relying
on them for food, medicine, and cultural traditions; and these groups
still play a key role in forest protection today. Beyond their cultural
and social importance, boreal forests represent a major economic
resource. About one-third of the world’'s timber and a quarter of its
paper come from them. They are also critical for limiting climate
change: thanks to the trees that live there, the boreal forests act like
a gigantic vacuum cleaner for greenhouse gases, notably those that
humans release into the atmosphere.

THE REGENERATION OF FORESTS AFTER FIRES

Canada’s boreal forests are like giant, ever-changing mosaics
constantly reshaped by natural disturbances. Insects, storms, and
diseases modify small patches, while crown fires—fires that spread
through the tops of the trees high above the ground—can transform
thousands of hectares in days. Some areas burn completely, but
some patches of forest are usually spared by the fire. Fire is based
on three essential ingredients: heat, fuel, and oxygen, known as
the “fire triangle” (Figure 1). In the boreal forest, dry needles, fallen
branches, and dense underbrush provide plenty of fuel, while warm,
dry conditions during summer create the heat. Oxygen, of course, is
everywhere. Most fires are triggered by lightning during spring and
summer thunderstorms, but human actions—like discarded cigarettes
or campfires—can also play a role in starting fires.

After they start, fires spread across vegetation, sometimes even in the
soil, and can burn large areas if there is enough fuel and the climate
conditions stay the same. Although fires burn trees, human-built
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Figure 1

Fire triangle, showing
the three elements
required for a fire

to ignite and spread in
a forest (Image adapted
from Stephens et al.
[1D.

Figure 2

A crown fire in western
Canada (Image credit:
Stefan Doerr [CC
BY-ND 3.0]).
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Dry needles, fallen branches, underbrush plants

Figure 1

structures and soils are also at risk (Figure 2). In 2023, a single fire in
eastern Canada burned more than 460,000 hectares (4,600 km?)—an
area six times larger than New York City! While it may seem disastrous,
fire is part of the forest's natural renewal. For millennia, fire has cleared
land, allowing new plants to grow.

Figure 2

In fact, black spruce and jack pine trees have developed an
extraordinary strategy to take advantage of the heat generated by fires.
Their cones, which contain seeds, are coated with a very sticky resin
that melts under intense heat, allowing the cones to open when a fire
burns a forest. With the ground cleared of competing vegetation and
bathed in sunlight (because shade-giving trees are gone), their seeds
find the perfect environment to grow.
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Figure 3

Two fire frequency
scenarios and their
consequences for trees
in a boreal forest. In the
first scenario,
vegetation regenerates
after a forest fire. In the
second scenario, two
fires close together in
time prevent the
vegetation from
regenerating, and the
forest becomes a
different, more open
ecosystem.

SEED BANK

Seeds stored in the soil
or in cones, waiting for
the right conditions to
germinate and grow
into new plants.

REGENERATION
FAILURE

When a forest cannot
regrow after a
disturbance because
too few seedlings
survive to replace the
previous trees.
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Fires also recycle nutrients back into the soil, making it more fertile.
The mix of burned and unburned areas creates a patchwork of young
and old forests, providing diverse habitats for a wide variety of wildlife.
Some animals thrive in recently burned areas, while others prefer
mature forests. This fire—regrowth cycle keeps boreal forests diverse
and resilient.

WHEN FOREST FIRES BECOME TOO FREQUENT OR TOO
SEVERE

Although the boreal forest is well adapted to fires, a delicate balance
exists, based on the necessary time for forests to recover. Black spruce
and jack pine trees typically require 50—-100 years to produce enough
seeds to regenerate the forest at the same density as before a fire [2].
In eastern Canada, fires occur in general every 80—150 years (Figure 3),
giving trees most of the time they need to grow, mature, and produce
seeds before the next fire.

First scenario

Mature forest Wildfire Regeneration Mature forest

Second scenario

First wildfire

Mature forest Second wildfire

Regeneration Poor or no regeneration

Opening of the landscape

Figure 3

But what happens if another fire, particularly a severe one, occurs
too soon after the last fire—before the trees produce seed-containing
cones? After the first fire, the conifers will begin to regenerate. But if
a second fire occurs too soon, young conifers may not have enough
time to reach maturity and begin to produce seeds. Without a sufficient
seed bank, the forest may experience regeneration failure. Thus,
when fires become too frequent, the forest may turn into an open
woodland dominated by grasses, shrubs, and lichens, with only a few
scattered trees (Figure 3) [3]. This shift from dense, closed forest,
to open, more barren land changes the entire ecosystem, with no
possibility to return to its initial state. Wildlife habitats are altered,
carbon storage capacity is reduced, and the timber industry loses its
raw materials.
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CARBON STORAGE

The process by which
forests, oceans, and
soils absorb and store
carbon dioxide from
the atmosphere,
helping to slow down
climate change.

FIRE SEASON

The period of the year
when weather
conditions such as
dryness and high
temperatures make
fires more likely

to occur.

DECIDUOUS

Trees that lose their
leaves each autumn
and regrow them in
spring, unlike conifers
that keep

needles year-round.
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WHAT DOES THE FUTURE HOLD FOR BOREAL FORESTS?

Over the past century, global temperatures have risen by approximately
1.5 °C, mainly due to human-driven greenhouse gas emissions. If
current trends continue, the increase in temperature could reach
+1.8 °C to 4+4.3 °C by 2100 [4]. But climate change is not the
same all over the world. The northern regions, including the boreal
forests, are warming almost twice as fast as the global average, and
could see temperatures rise by as much as +8 °C by the end of
the 21st century. This warming has profound implications for fire
activity. More frequent droughts will probably happen, along with
longer fire seasons, creating the perfect conditions for fires to ignite
and spread. The 2023 fire season—with record-breaking fires across
Canada—could be a glimpse into a future marked by increasingly
intense fires [5].

Future boreal forests could be radically different from the ones we
know today. Rather than a dense, conifer-dominated landscape, open
environments with grasses, shrubs, or deciduous trees like birch
and aspen, which regenerate quickly after a fire, could become the
new norm. This shift would have wide-reaching consequences—not
only would wildlife habitats change, but the forest's ability to store
carbon would also be reduced. With fewer conifers to store carbon,
the boreal forest could become a net emitter of greenhouse gases
because of more frequent and intense fires, speeding up climate
change even more. Additionally, changes could disrupt the forest
industry, leading to major economic losses, since coniferous trees
like black spruce and jack pine are essential for timber production.
The increasing frequency and intensity of fires could also threaten
human settlements, infrastructure, and air quality, making this an
urgent security and health issue.

HOW CAN WE PRESERVE BOREAL FOREST RESILIENCE?

While we cannot stop or control fires entirely, some strategies can
reduce their negative impacts on vital forest ecosystems. The first
step, which is not easy, is tackling the root cause—climate change.
By reducing greenhouse gas emissions and transitioning to renewable
energy, we can limit global warming and help prevent the conditions
that make fires more extreme. Another key strategy is leaving behind
patches of mature trees or seed sources during logging operations.
This retention can help preserve seeds, maintain the local climate, and
support ecosystems, all of which increase the likelihood of successful
regeneration after fire. Without such measures, the combination of
logging and repeated fires may trigger irreversible regeneration failures
in the future.
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Everyone can play a role in fire prevention. Simple actions, such
as following fire safety rules when camping, properly disposing of
cigarettes, and respecting fire bans, can help reduce the likelihood
of human-caused fires. It is also essential to raise awareness about
the risks fires pose, as well as the broader issue of climate change.
The more people understand these threats, the more we can come
together to implement effective solutions!

Finally, supporting scientific research on fires and forest resilience is
crucial. Some researchers are working to understand fires, to see how
they affect ecosystems, and, most importantly, how to minimize their
damage. By studying forest regeneration after fires and how well fire
management strategies work, new tools can be developed to help
manage this natural process in the face of rising risks. The challenge
lies in finding the right balance between respecting the role of fire in
these ecosystems and managing them so they do not become too
frequent or severe. One thing is certain: the boreal forest needs crown
fires—but not too often!
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I am Avleen, from Australia! | love to read dystopian and sci-fi novels. Some of my
favorites are The Hunger Games, Divergent, and The Maze Runner! | also love to play
sport, and have been playing netball for 5 years now. | also love to watch movies
and | am a huge fan of the Jurassic World franchise. My dream is to be a sport
doctor and help athletes globally, while also being in close proximity to one of my
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HITHA, AGE: 12

Hitha is with big imagination and an even bigger love for art. She once painted
her self-portrait which was as original as her. She once decorated her bedroom
wall with positive thoughts stickers all around her room. She is known for her
sketching skills, creative artwork, organization skills, interesting doodles and diy
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crafts. Hitha loves pets especially cute puppies like Golden Retriever. She loves Red
pasta, creamy soft pancakes making her friends laugh. One day she will be creative
interior designer.

SOPHIE, AGE: 15

Sophie loves natural sciences. She is an avide reader of divolgative books, articles,
and videos on physics, chemistry, and biology. She also likes arts. She pays violin
and paints.
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