
 

Tree-ring data reveal how the jet stream has
shaped extreme weather in Europe for
centuries
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Members of the research team collected tree ring samples at various locations in
Europe, including the Balkan region. Credit: Valerie Trouet

During her summer travels to her native Belgium, University of Arizona
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professor Valerie Trouet noticed something that turned casual curiosity
into a major scientific discovery: when the sun hid behind an overcast
sky and people around her put on sweaters instead of summer clothes,
the weather tended to be warm and dry in Italy, Greece and the Balkans,
popular summer escapes for tourists from the cooler climates of central
and northern Europe.

At U of A's Laboratory of Tree-Ring Research, Trouet studies tree-rings
to gather clues about what past climates were like, reading wavy, wooden
lines like a linguist might decipher an ancient text. What if, she mused,
the key to understanding the capricious summers in Europe could be
hidden in trees, silent witnesses to centuries of warm and cold, sunshine,
rain and snow?

Trouet assembled an international collaboration to collect tree-ring
samples across Europe. The team published its results—the first
reconstruction of the jet stream over the past 700 years—in the journal 
Nature.

The jet stream and the Black Death

Jet streams are concentrated bands of wind in the upper atmosphere that
travel around the globe in the northern and southern hemispheres. Their
exact locations are not fixed; in response to changes in the position and
intensity of high- and low-pressure weather systems, they may shift
north or south or change their course, resembling a swiftly running
stream at some times, and a slow, meandering river at others.

The jet stream, it turns out, largely determines the summer climate in
Europe, and it does so in a seesaw-type pattern that climate researchers
call a "dipole."

"When the jet stream is in an extreme northern position, we get cooler
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and wetter conditions over the British Isles and warmer and drier
conditions over the Mediterranean and the Balkans," explained study co-
author Ellie Broadman, a former postdoctoral research fellow at
Laboratory of Tree-Ring Research who is now a biologist at the Sequoia-
Kings Canyon Field Station of the U.S. Geological Survey.

"This is related to the climate conditions we are witnessing right now,
such as catastrophic flooding in central Europe."

Hotter conditions over the Balkans cause more moisture than normal to
evaporate from the Mediterranean Sea and rain down further north.
Conversely, when the jet stream migrates further south, it drags warmer
and drier air over the British Isles and pushes cooler temperatures and
more moisture toward southeastern Europe.
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Wood samples from the Balkan region were among those analyzed for this study.
Credit: Valerie Trouet

Measurements of the jet stream have only been around since the late
1940s, Trouet said. By using tree-ring samples from across Europe as
proxies for temperature, the research team was able to reconstruct jet
stream variation over the past 700 years.

Each year, trees add a ring consisting of less dense wood in the spring
and denser wood in the summer. By analyzing tree rings under the
microscope, dendrochronologists can compile an archive of past
climates.
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"We link tiny, subcellular cell wall features in the wood to atmospheric
winds that weave through the atmosphere many miles above the Earth,
which is fascinating," Trouet said.

Remarkably, the team found past patterns of the jet stream reflected on
a societal level, recorded in historical documents.

"Europe has a long history of writing things down," Trouet said. "For
example, there were monks in Ireland who started recording storms that
happened in the 600s, the early Middle Ages, and you have centuries-
long records of grape harvests, grain prices and epidemics."

By comparing historical records to the jet stream reconstruction,
Trouet's team discovered that the climate dipole created by the jet
stream has influenced European society for the past 700 years and likely
much longer.

"Epidemics happened more frequently in the British Isles when the jet
stream was further north," Trouet said. "Because summers were wet and
cold, people stayed indoors, and the conditions were more conducive to
spreading diseases."

From 1348 to 1350, the plague, known as the Black Death, raged in
Ireland. At that time, the jet stream was in an extreme, far-north position
over Europe.
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In Scotland, where virtually no living trees going back many hundreds of years
are left, the team collected subfossil wood from lake bottoms for
dendrochronological analysis in the lab. Credit: Valerie Trouet

The findings provide critical data to improve climate models that
researchers rely on to predict future climate, Broadman said. Much
research has focused on how the jet stream is affected as a result of
global warming.

"It's hard to do that if you only have 60 years' worth of data, which is
why a reconstruction going back 700 years is very useful," she said. "It
allows you to actually compare the past to what's been happening since
we started putting greenhouse gases into the atmosphere."
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Harvest failures, wildfires and extreme weather

Scientists have observed a trend showing the jet stream is gradually
shifting northward, independent of its seasonal or more short-term
variations.

"When you combine our reconstruction with harvest failures, you see
that this trend likely leads to issues with major cereal crops and other
types of weather extremes," Trouet said. "It gives you a preview of the
kinds of extreme events and societal outcomes we could expect if that
trajectory continues."

The findings also set a precedent for a future trajectory of jet stream
variation and extreme weather events, such as wildfires, Trouet said.

"We showed that wildfires in the Balkans historically happened
substantially more when the jet stream was in that northern position that
creates dry and hot conditions," she said. "And that is exactly what we're
seeing this summer. The results that we're seeing in our reconstruction
act out in real life."

"When you look at how the jet stream's natural variability alone has
impacted societies, you can get an idea of what might happen if you add
more heat in the atmosphere and more variability," Broadman added.
"Being able to say, 'OK, maybe we need to watch out for this or that
particular jet stream configuration' can be very helpful for predictions of
climate-related extremes."

  More information: Valerie Trouet, Jet stream controls on European
climate and agriculture since 1300 CE, Nature (2024). DOI:
10.1038/s41586-024-07985-x. 
www.nature.com/articles/s41586-024-07985-x
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