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Abstract. In recent years, science has hardened the dis-
course on the emergency of global warming, pointing out that
the next decades will be decisive to maintaining the stability
of the climate system and, thus, avoiding a cascade effect
of events that increase the average temperature above safe
limits. The scientific community warns that there are differ-
ent tipping points that could produce a chain reaction in the
global climate. One of them is related to the jet stream. How-
ever, despite the importance of this air current in atmospheric
dynamics in the Northern Hemisphere and the changes it is
experiencing in the context of global warming, the public
is still not familiar with this kind of physical concept nor
with other much simpler concepts. As concerns about the
climate crisis rise, climate literacy remains stagnant. To ad-
vance the learning of the science of climate change, in gen-
eral, and of concepts such as the jet stream, in particular, spe-
cific scientific communication formats are required that can
successfully tackle the difficult task of explaining such com-
plex problems to the general public. These formats should be
included in the media, as the characteristics of the formats
(daily section, scientific dissemination, historic perspective,
teleconnections and specialization) make them well suited
to taking on the challenge of explaining the complexity of
climate science. In this article, we present a communication
proposal existent in a newspaper published in Spain. We ar-
gue that this communication format represents a good model
to disseminate climate science, educate readers and even to
make physical concepts such as the jet stream accessible. We
believe that this format conforms to and complies with the
enunciation of Article 12 of the Paris Agreement, which calls
on the signatory countries to promote education and training
on climate change.

1 Introduction

In the last 5 years, the scientific discourse on climate change
has become more catastrophic. Since 2015, after the ap-
proval of the Paris agreement (United Nations, 2015), the
scientific community has published several articles highlight-
ing the urgency of the current situation (Wolff et al., 2020)
while also pointing out that the progressive increase of green-
house gases may trigger a domino effect in the global cli-
mate system that would make it unstable. The consequence
of this would be an increase in the Earth’s average temper-
ature beyond the limits established by the Paris Agreement,
which aims to prevent the increase in the average global tem-
perature of the planet from exceeding 2 °C compared with
preindustrial levels (Wolff et al., 2020; Portner et al., 2022).
The “Hothouse Earth” hypothesis, which establishes that if
warming continues at the current rate it could produce a cas-
cade of events that could increase the global average tem-
perature above 3°C, appears to be a possible future as a re-
sult of a feedback process that would give rise to a previ-
ously unknown climate situation in human history (Steffen
et al., 2018; Fonseca, 2020c). In this time, concepts such as
“point of no return” and “tipping point” have been increas-
ingly used — so much so that the Secretary-General of the
United Nations, Anténio Guterres, assured participants dur-
ing the COP25 held in Madrid in 2019 that “the point of
no return is no longer over the horizon. It is in sight and
hurtling toward us” (UN News, 2019). At COP26 in Glas-
gow, Guterres added “we are digging our own grave” (UN
News, 2021). The supporters of this theory say that climate
triggers a domino effect so that, when one of the tiles col-
lapses, it may end up knocking down the others. These in-
dividual pieces may refer to unique ecosystems, such as the
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Amazon and the coral reefs, or to global climate regulation
mechanisms, such as the thermohaline circulation (Caesar et
al., 2021) and the jet stream, a high-speed wind current in
the upper troposphere that follows the separation between
cold polar air and warm subtropical air in both hemispheres.
Knowing these physical concepts is vital to understanding
how the global climate system works and the threat that cli-
mate change poses.

Despite the climate urgency and the exponential increase
in scientific evidence about its origin, behavior and impact,
we still observe a severe lack of climate education with re-
spect to the general public (Allianz Research, 2021). A possi-
ble explanation for this deficit is that the climate change mes-
sage is not being correctly transmitted by the media, which
is the main source of public opinion information. As a result,
the recipient — the general public — is unable to embrace it;
this is a big problem because knowing the science and the
impacts of climate change is the key to understanding how
serious it is (NOAA, 2009).

The problem resides in how this issue has been historically
tackled: generally from a social, environmental, sociologi-
cal, political and economic approach, although meagerly fo-
cusing on scientific dissemination (Wihbey and Ward, 2016).
The world seems to have understood that human activity pro-
duces global warming gases and that such actions have seri-
ous implications for biodiversity and the economy. However,
this just appears to be a shallow understanding, and, in fact,
people remain unaware of how the greenhouse effect works
or how each 1°C extra impacts the average temperature. In a
nutshell, humanity faces a problem yet to be understood by
the majority, with the risk and difficulties this entails.

This article begins with a diagnosis of the lack of climate
education among the specific public, illustrated with the re-
sults of a survey on knowledge about climate change among
university students in Galicia (Spain). This population group
is very interesting because they are young, educated peo-
ple who use several sources of information and who belong
to one of the generations that will suffer the most from the
consequences of the increase in global temperature. The ob-
tained data support our main goal for the second part of this
article: to design efficient communication tools that allow the
public to assimilate a series of ideas and basic concepts about
the science of climate change, as requested by Article 12 of
the Paris Agreement (United Nations, 2015). We present a
dissemination section called Historias del Tiempo (‘““Weather
Stories”) that appears daily in the most widely read Galician
newspaper (La Voz de Galicia), which has unique key charac-
teristics aimed at improving scientific culture through media.
Weather Stories is published every day in La Voz de Galicia
on the page that contains meteorological and maritime infor-
mation. The format focuses on informing the public about the
weather in Galicia and explaining, from a scientific point of
view, the meteorological events that affect the community as
well as topics related to the history of the climate and climate
change. The journalist from La Voz de Galicia, Xavier Fon-
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seca, is the creator and main contributor of this format and
works with the Nonlinear Physics Group of the Department
of Physics at the University of Santiago de Compostela; uni-
versities and research centers in Galicia, Spain; and the rest
of the world to produce information every day. This com-
munication format has specific characteristics that make it
possible to face the challenge of communicating the science
of climate change to a nonspecialist audience. These char-
acteristics are daily section, scientific dissemination, historic
perspective, teleconnections and specialization. Our hypoth-
esis is that it can be used as a model to bridge the existing
gap between an increasing awareness of climate issues and
the apparently stagnant knowledge on these natural phenom-
ena. We illustrate our analysis with a particular example: how
this communication format has brought up the dissemination
of the jet stream.

2 The role of climate literacy

The effect that a wider knowledge about climate science
may provoke on an individual is widely debated within the
academic literature and has both supporters and detractors
(Howell and Brossard, 2021). The US National Oceanic and
Atmospheric Administration (NOAA) published a manual on
climate science knowledge in 2009 (U.S. Global Change Re-
search Program, 2009). The document mentions that “a per-
son who knows how to assess scientifically credible infor-
mation about climate may communicate their knowledge in
a significant way and is able to take informed and responsi-
ble decisions regarding actions that may affect climate”. In
2017, the Earth Day theme topic was “Environmental and
Climate Literacy” (UN News, 2017). The UN campaign rec-
ognized that “environmental and climate literacy is the en-
gine not only for green growth and advancing environmental
and climate laws and policies, but also for accelerating green
technologies and jobs”. Both NOAA and the United Nations
— two major entities in terms of climate — recognize the trans-
formational role of scientific literacy.

We believe that, following the provisions backed by
NOAA and the United Nations, the scientific literacy pro-
cess is vital for boosting ambitious policies that guarantee
the climate system’s stability and, therefore, for preventing
a cascade effect of events that make the average temperature
rise above the safety limits (NOAA, 2009). However, there
are also doubts and skepticism from a part of the academic
community about the learning process being a game changer.
In this sense, we believe that scientific literacy has been more
thoroughly analyzed within the educational sphere from a
formal point of view and not within an “informal” education
context, such as that provided by the media. In this sense,
some conclusions are that the audience’s awareness increases
after watching one of those audiovisual pieces, such as The
Day after Tomorrow (2005), An Inconvenient Truth (2006) or
The Age of Stupid (2009); however, the effect vanishes soon
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after (Sakellari, 2014). Education through reading a daily
section of a newspaper, as we propose here, more closely
resembles the conventional method of study in academic en-
vironments and may have a different impact, with a longer-
lasting imprint.

Current discussions on the effect of scientific literacy high-
light the need to design an educational strategy supported by
“a social experience” (Gaudiano and Meira, 2009; Cooper,
2011; Miléf and Sladek, 2011). Building on this idea, we
argue that the scientific communication format presented in
this article is actually inspired in an “educational experience”
created after a constant process of knowledge acquisition in
which the reader learns about meteorology and can put the
learning into practice and compare the information with re-
ality — for example, by checking it against the weather fore-
cast. In this sense, the characteristics of the dissemination
format described and analyzed in this article can be con-
sidered rather unique and different from any other example
taken from the Spanish or international media. It would be a
model designed to educate, rather than to raise awareness.

3 A new language for a different climate: the role of
the media

The signing of the Paris Agreement in December 2015 was
a milestone in the fight against climate change. The docu-
ment includes measures tackling the problem from every an-
gle, such as mitigation and adaptation. It states that the “Par-
ties shall cooperate in taking measures, as appropriate, to en-
hance climate change education, training, public awareness,
public participation and public access to information, recog-
nizing the importance of these steps with respect to enhanc-
ing actions under this Agreement” (United Nations, 2015).

Since the endorsement of the Agreement, governments,
universities and scientific institutions from all over the world
— also the United Nations — have increasingly used the terms
“crisis” or “climate emergency” to refer to global warming
(Ripple et al., 2020). This terminology supports the idea that
humanity is facing a crucial period and that the document
signed in Paris is the road map to be followed in order to keep
the planet’s average temperature increase below 2°C. The
Special Report on Global Warming of 1.5 °C summary from
the IPCC (Intergovernmental Panel on Climate Change), re-
leased in 2018, mentions that the years to come are probably
the “most important years in history” (Masson-Delmotte et
al., 2018).

The use of this terminology has also expanded due to the
“Greta Thunberg effect”. In her interventions, the Swedish
activist uses terms such as crisis and emergency (Sabher-
wal et al., 2021). In her speech at COP24 in Katowice, she
warned that “we cannot solve a crisis without treating it as
a crisis”. During the Davos Forum, Thunberg also said that
the IPCC estimations “do not include most feedback loops or
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nonlinear tipping points” that might urge for the need to take
more pressing measures (World Economic Forum, 2020).

This change in terminology seems to be aimed at raising
the general public’s awareness of the causes and effects of the
problem; however, it does not entail an increase in climate
literacy. Most of the population lacks a sufficient scientific
culture to understand the experts when they use expressions
such as tipping point, which strictly refers to a physical pro-
cess (Lenton et al., 2019). Moreover, they are not familiar
with another basic idea having an impact on global warming:
the “greenhouse effect” (Cassia et al., 2018). A recent inves-
tigation states that even climate pundits are unable to under-
stand the urgency and severity imposed by the environmental
crisis threat (Bradshaw et al., 2021).

There is a notorious history of media adaptation to the new
ways of disseminating this environmental problem. Some
newspapers, such as The Guardian, have reacted to the warn-
ing issued by the scientific community and have decided to
modify their style guide regarding news about the effects of
the average temperature rise (Carrington, 2019). The terms
“climate change” and “global warming” have been replaced
by new terms such as “climate crisis”.

Mass media also has a double leading role within the cur-
rent climate emergency context (Boykoff and Roberts, 2007):
as the main information and education source. For these dif-
ferent reasons, we contend that, in order to study the general
impact of the climate literacy process, it is vital to consider
the role of the media, which has not always been taken into
account (Rosales, 2009).

Indeed, in order to send a message of urgency, the press
is the most efficient medium. This fact has been ascertained
during the Covid-19 pandemic. Mass media was considered
one of the essential activities, as information is deemed to
have the power to save lives. However, journalism currently
faces a crisis of confidence (Rodrigo-Alsina and Cerqueira,
2019). Credibility is being threatened in “post-truth times” —
a concept understood as the circumstances in which “objec-
tive facts have less influence on opinions and decisions than
personal emotions and beliefs” (Wihbey and Ward, 2016). A
study conducted in Spain on the dissemination of informa-
tion during the Covid-19 pandemic revealed that most of the
fake news was spread through social media and WhatsApp
(89.1 %), whereas that figure was of 4% in press media
(Salaverria et al., 2020).

4 Methodology

In order to assess the scarce scientific information available
to the public on climate change as well as the importance
of mass media, we will use the data gathered in a survey on
climate change knowledge carried out in Galicia, a region lo-
cated in the northwest of the Iberian Peninsula. The average
annual temperature there increased by 0.20°C per decade be-
tween 1961 and 2015. Between 1951 and 2017, there were

Geosci. Commun., 5, 177-188, 2022




180 X. Fonseca et al.: A physical concept in the press: the case of the jet stream

nine episodes of drought. The absence of rain has a very im-
portant impact on this Spanish region because its economy
and way of life depend on rainfall, which is usually very re-
liable. It is also the region of the Iberian Peninsula with the
most kilometers of coastline, and this makes it especially vul-
nerable to rising sea levels (Xunta de Galicia, 2015).

The quantitative study was conducted during the 2018—
2019 academic year at the three universities based in Gali-
cia: the University of Vigo (UVigo), the University of Santi-
ago de Compostela (USC) and the University of A Corufia
(UDC). The participants in the survey were 600 students
from different years and from both the science and human-
ities fields: journalism, sociology, biology, political science,
mathematics, industrial engineering, aeronautical engineer-
ing, economics and law. For the statistical analysis, we used
a Wilcoxon test and a Kruskal-Wallis test to identify the fac-
tors that have a significant influence on their knowledge on
climate change.

We then analyze the content of a model to improve so-
ciety’s scientific culture through media. This is a scientific
communication format called Historias del Tiempo (a pun
in Spanish, mixing the terms “time” and “weather” as well
as “stories” and “histories”) published in La Voz de Galicia,
the third most read newspaper in Spain (data from the Media
Dissemination Office) since September 2018, both in press
and web formats. The project started in 2011 as daily audio-
visual content broadcast on V Television (La Voz de Galicia’s
TV channel), which ended its broadcasting in 2018, when
such content was transferred to the newspaper. This format
has been maintained for a decade and has had the purpose of
disseminating information on weather, climate and climate
change issues from a scientific point of view. Today, this sec-
tion is integrated into the daily section about weather and
maritime information.

5 Results

Growing concerns but little climate literacy

Public concern about climate change is gathering momen-
tum, not only in Spain but elsewhere too. In the United States,
it tripled between 2014 and 2019 (Goldberg et al., 2020). In
Europe, the 2019 Eurobarometer shows that 93 % of the Eu-
ropean population think it is a severe issue, and 79 % think
it is critical (European Union, 2019). This trend also ap-
plies to the analyzed population of Galician university stu-
dents. When asked “How worried are you regarding the rise
in global temperature?”, more than 70 % replied “quite a lot”
or “a lot”. Nevertheless, the growing concern does not cor-
respond at all to general knowledge about the issue. Another
of the proposed questions was “What degree of knowledge
do you think you have about the origin and the effects of
the current rise in global temperature described by the sci-
entific community?”, and 43 % answered “little”, while 38 %
replied “a lot”.
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It seems obvious that something is not working properly.
At this point, it is necessary to resort to mass media, as it is
the main channel providing access to climate-related content.
The survey suggests this too. Regarding the question “What
source do you mainly use to be informed about the planet’s
rise in global temperature?”, almost 54 % answered written
and digital press, and 26 % said television. In the same vein,
when students were asked “From which of the following peo-
ple did you obtain information about the rise of Earth’s tem-
perature for the last time?”, the majority of the surveyed pop-
ulation (42 %) answered “from a journalist” — almost dou-
ble the amount that replied “from a lecturer” and triple the
amount that answered “from a scientist” (see Supplement).

Both pieces of information indicate that mass media is the
first option for the surveyed population (students in the Gali-
cian university system, SUG) to find information about cli-
mate change, which coincides with results from similar stud-
ies in other contexts. At the same time, the analyzed popula-
tion shows a worrying lack of knowledge about certain basic
concepts. For example, more than 40 % of the surveyed in-
dividuals believe that the greenhouse effect is a consequence
of human activity and not a natural mechanism that allows
for life on Earth to exist.

6 How to build a climate change dissemination
social experience: the Weather Stories model

After having introduced a plain case of climate illiteracy,
we now delve into communication formats that raise social
awareness about climate change science. The starting point
is that climate literacy is very limited. We note from the re-
sults of our survey that a lack of knowledge about the mean-
ing of basic concepts, such as the greenhouse effect, exists,
which suggests that modern emerging concepts such as tip-
ping point are also widely unfamiliar to the general public.

Our hypothesis is that if a model gathers certain charac-
teristics (daily section, scientific dissemination, historic per-
spective and specialization), it is possible to tackle the dis-
semination of a highly complex issue such as climate and
build an “experience” based on permanent scientific learn-
ing by the user. This strategy may have a positive impact,
not only in compliance with the Paris Agreement but also
with respect to empowering the general public in the post-
truth era. The following model complies with the recom-
mendations of a dissemination manual on climate change
(McLoughlin et al., 2018).

6.1 Daily content

Daily content is fundamental for creating a communicative
social experience, as it provides the opportunity to always
have an open space for readers to learn about aspects related
to weather, climate and climate change, regardless of the
newspaper’s informational demands at any particular time.
Moreover, daily dissemination helps examine, analyze and
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follow up a weather event or a scientific study. In this sense,
the reader is acquainted with a certain ability to contextual-
ize climate news, articles, reports and interviews. This con-
stant learning is more of a training than an information pro-
cess when creating an experience in which the reader is the
main figure. The format also provides the added value de-
rived from applying the scientific knowledge to the every-
day weather reality. Thus, by learning and contrasting day
after day, this format helps establish a trusting relationship
between the medium and the reader. Finally, the daily provi-
sion of information additionally constitutes reliability, which
is important to build public trust.

6.2 Scientific dissemination

Weather Stories has an obvious scientific dissemination pur-
pose, especially in terms of atmospheric physics. Our goal is
that readers incorporate new concepts to their weather cul-
ture and, therefore, improve their scientific literacy. Mass
media usually disseminates weather information, focusing on
their public service role; thus, it reports weather forecasts and
warnings about extreme events. Only when weather becomes
a hot topic, due to the impact of an adverse event or the re-
lease of an academic article, does media coverage intensify.

Given the characteristics of the abovementioned scientific
communication format, the coverage of a certain event, such
as a heat wave or an intense storm, begins long before its ac-
tual impact and continues for days after it has passed, provid-
ing context and a broader knowledge. A good example of this
is the coverage of the Storm Filomena that affected Spain in
January 2021 (Fonseca, 2021a). The coverage started 1 week
before most of Spain was blanketed in snow and continued
for days afterward with the explanation of the origin of this
extreme cold event, introducing physical concepts such as the
“jet stream” to explain it and also framing it within climate
change (Fonseca, 2021b).

Furthermore, given that the population has a limited level
of general scientific literacy and a low level of specific cli-
mate literacy, the content is presented using simple language
which is supported by some graphic material that facilitates
the understanding of physical concepts.

6.3 Historic perspective

The historic approach is the format’s hallmark. This helps
readers to understand the relevance that climate has had in
the evolution of life on Earth and on the Earth itself as well
as to understand that this influence can sometimes be un-
expected. Furthermore, the historic perspective additionally
frames broader concepts in a locally relevant context for the
public. Environmental psychologist Robert Gifford alleges
that up to seven psychological barriers exist that prevent the
population from responding to climate change. He mentions
29 specific mental blocks, which he refers to as “dragons of
inaction”. In one of them, he explains that our brains have
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evolved to respond to immediate dangers, not to face a slow
distant threat (Gifford, 2011). For our “sapiens” brain to as-
similate climate change, providing a historic perspective may
be of great help. Climate change is not only about hurricanes
on the East Coast of the United States, heat waves in Eu-
rope and droughts in Africa, it can also be linked to a war
like that in Syria due to the drought that occurred between
2010 and 2017, causing a mass migration of farming fami-
lies to urban centers (Kelley et al., 2015; Miiller et al., 2016).
In this respect, dozens of articles on the influence of climate
throughout history have been published in Weather Stories.
Two examples are the consequences that the Little Ice Age
had on Galicia’s society and economy (Fonseca, 2018b) or
the decisive role played by the Bhola Cyclone in the cre-
ation of the state of Bangladesh (WMO, 2020). Looking over
the past may also be a powerful ally to fight climate denial.
One of the most recurring arguments of those who deny the
anthropogenic origin of global warming points to the natu-
ral cycles of climate (Hobson and Niemeyer, 2013). In this
sense, history can be very useful to show how climate dis-
ruptions affected ancient societies, generated epidemics and
wars, and, in some cases, caused the decline of civilizations.

6.4 The importance of teleconnections

Weather Stories also emphasizes and tries to convey the idea
that the atmosphere is the gas layer that wraps the planet
and knows no boundaries; thus, the global climate system
can connect different areas on Earth. An example is the El
Nifio phenomenon in the equatorial Pacific, which can af-
fect many other distant regions (Barnston, 2014). It is essen-
tial to inform the public about concepts such as atmospheric
teleconnection so that they develop a global climate vision,
something that science deems appropriate to understand the
nature of the problem of climate change (UNESCO, 2020).
One common feature of these daily publications is a review
of atmospheric phenomena that occur thousands of kilome-
ters away and an effort to connect them to a specific region
like Galicia (Fonseca, 2019a).

6.5 Specialization

Different regional, national and international institutions,
specializing in meteorology, climatology and climate change,
collaborate on this daily section. In fact, the person responsi-
ble for this communication project is carrying out his doc-
toral studies as part of the Nonlinear Physics Group, De-
partment of Physics, at the University of Santiago de Com-
postela. This innovative collaboration between physicists and
scientific journalists, working together in the same research
group, makes it possible for the section’s content to provide
thorough information and to respond to a demand from the
scientific community, which requires more specialized com-
municators and a higher prominence in public areas to debate
environmental issues (Besley and Nisbet, 2011; Belenguer,
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2003). Moreover, it is also a good example of multidisci-
plinary science, as the abovementioned person’s PhD is co-
directed by the Department of Sociology at the University
of A Corufia in order to ensure that such a communication
“experience” has a “social” dimension.

7 A dissemination case study: the jet stream
concept

We now illustrate the abovementioned ideas using a specific
example that illustrates how this communication format ad-
dresses the scientific dissemination of a physical concept: the
jet stream. The inclination of 23.5° in Earth’s rotational axis
means that solar radiation is intense at the Equator and weak
at the poles. To compensate for this energy imbalance, the
planet has ocean and air currents that redistribute heat. As
part of this redistribution, large-scale wind circulations, cold
air descending from polar regions and warm flows coming
up from subtropical areas converge at midlatitudes. The jet
stream circulates just where these air masses of various tem-
perature meet, forming a high-speed air current in the up-
per troposphere, blowing from west to east, that encircles the
entire hemisphere. There are jets in both the Northern and
Southern hemispheres. The jet stream can present large me-
anders, like those in rivers, or may move in a more zonal
manner. In the latter case, when it follows the parallels, it
usually reaches a higher speed. In the North Atlantic, this
zonal configuration drives a succession of extratropical cy-
clones towards Europe (Wallace and Hobbs, 2006).

During its years of publication, the daily format of
Weather Stories has released hundreds of articles about the
jet stream, helping to reveal and popularize the use of this
physical concept and, therefore, highlight the relevance of
this atmospheric current in the meteorology of the entire
Northern Hemisphere in general and Galicia in particular.
The permanent scientific dissemination of information about
the jet stream includes a historical approach, its influence
on air navigation and the changes experienced in the cur-
rent global warming context. In essence, coverage about a
complex physical concept is addressed from different points
of view, which is the model’s hallmark. In the following,
we break down some of the aspects mentioned about the jet
stream in Weather Stories, which can be used as an example
of the dissemination strategy that was used (described in the
previous section).

7.1 A current with plenty of history

The communication model that we present is aimed at im-
proving the readers’ scientific culture and familiarizing them
with complex physical concepts, such as the jet stream. A
good way of attaining this objective is by addressing its ori-
gin and functioning from a historical point of view. By ex-
plaining the history of the jet stream, we make sure that read-
ers do not assimilate such a physical concept as something
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abstract and unknown but rather as a natural mechanism with
its own history, which has even played a major role in certain
historical events.

For example, its discovery is related to an important cli-
matic event of the past. One of the natural mechanisms that
intervenes in climate dynamics (Buis, 2020) is intense vol-
canic eruptions, which inject sulfuric gases in the strato-
sphere and create an aerosol cloud that blocks sunlight,
lowering temperatures and triggering a chain of events in
global climate, some of them with catastrophic consequences
(Wolfe, 2000). Some of the most famous cataclysms in cli-
mate history have been caused by volcanoes. In 1883, one
of the most intense examples was registered: the Krakatoa
volcano erupted in Indonesia, and the explosion wiped out a
large area of the island. The powerful 1883 eruption, which
released energy equivalent to a million atomic bombs, raised
particles to the upper atmosphere, and, in less than 2 months,
a volcanic cloud had covered the whole planet. This kind of
climatic event shows the tight interrelations within the global
climate system and the role of teleconnections. London’s
Royal Society received numerous testimonies from people
all over the world describing the effects of this phenomenon
at distant locations from the eruption site (Fonseca, 2018a).
This English scientific institution started one of the first pub-
lic cooperation networks. Based on data coming from all
around the globe (thanks to the telegraph), scientists sus-
pected that something was moving the Krakatoa cloud across
the planet. The depiction of the movement of that volcanic
cloud produced the first map of the jet streams that circulate
the Earth (Kravets, 2010).

This jet stream also played a crucial role in one of the most
important historical events of the 20th century: World War II.
The jet stream is a high-speed airflow situated at an altitude
of around 8000 m, just below the tropopause — the bound-
ary between the troposphere and the stratosphere. Winds go
from west to east, moving about the whole hemisphere at
an average speed ranging between 150 and 400kmh~!. In
the 1930s, Japan was a great scientific power that kept the
jet stream existence as a state secret (Macsel, 2018). After
the attack on the American naval fleet in Pearl Harbor, Japan
thought it was the right moment to use the weapon of which
nobody else knew. Hence, they decided to use the air current
to attack the United States with balloons loaded with bombs.
The goal was to start fires in the western part of the country
(Fig. 1; Fonseca, 2020a).

7.2 A highway for planes

One of the most important concepts linked to the jet stream
that the reader must learn is its direction. The air current gen-
erally moves from west to east, following the general atmo-
spheric motion at midlatitudes, describing meanders of larger
or smaller amplitude. As the North Atlantic storm track is
linked to the jet stream, once readers have knowledge of the
general wind direction, they can better understand the impact
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Figure 1. This graphic illustrates how Japanese planes used the jet
stream to drop bombs on the United States in the context of World
War II.

of the Atlantic storm circulation in Galicia, where these sys-
tems produce large amounts of rainfall, making the area one
of the most humid regions in Europe. To educate the public
about the direction of the jet stream, we often stress its influ-
ence on air navigation. It is known that planes use it to save
time and fuel. As an example of this, we developed a story
about an Emirates Airline flight from Dallas to Dubai, one of
the longest routes on Earth, in December 2019 (Fig. 2; Fon-
seca, 2019¢). While it was traveling over the Atlantic Ocean,
the plane descended in latitude and jumped into the jet stream
to gain velocity. The aircraft reached Galician airspace at a
subsonic speed of 1234 kmh~!, just below the sound barrier,
largely exceeding the usual figure of 800kmh~!. The esti-
mated duration of this journey is 14 h and 44 min; however,
due to the power and position of the jet stream over Galicia,
the plane could complete its route on this occasion in 13 h
and 19 min.

7.3 The role in the Northern Hemisphere atmospheric
dynamics

The jet stream has a decisive role in Northern Hemisphere
meteorology, in general, and in Galician meteorology, in par-
ticular, due to the region’s geographic location (in the north-
west of the Iberian Peninsula) (Hall et al., 2014). The differ-
ent configurations of the jet stream can result in high- and
low-temperature situations, long periods of drought, heavy
rains and winds, and can even favor the appearance of tropi-
cal low-pressure systems at midlatitudes. In October 2019,
interaction with the jet stream formed tropical hurricane
Pablo, a category 1 storm, in the northeastern Atlantic, not
far off the Galician coast. Meteorologists defined this event
as unprecedented, and they purported that it challenged nor-
mal atmosphere logic, which establishes that conditions for
this type of transitions should not occur as far north as Gali-
cia (Fonseca, 2020b).

https://doi.org/10.5194/gc-5-177-2022

The jet stream has an influence on many unique weather
situations, which highlights its major role in meteorology.
Hence, by means of these events, we can insist on the learn-
ing process, thereby ensuring that readers are able to become
familiar with this physical concept and understand that it can
affect their day-to-day life. For example, the jet stream’s con-
figuration may result in a summer that is wetter than usual,
making it impossible for people to enjoy the sun and the
beach and, therefore, have a negative impact on the economy
at the most important time of the year for the tourist sec-
tor. This is what happened in Galicia in the summer of 2019.
While the rest of Spain and Europe suffered from an unprece-
dented heat wave, Galicia did not notice it due to the mean-
ders generated by the jet stream (Fig. 3; Fonseca, 2019b).

7.4 The effect of climate change

The jet stream is reacting to present-day climate change of
anthropogenic origin, as are other atmospheric systems (Co-
hen et al., 2014). Some investigations suggest that, due to the
lower thermal contrast between the Equator and the poles,
the jet stream might become unstable, describing larger-
amplitude meanders, thereby increasing the odds of extreme
weather events, such as heat and cold waves (Francis et al.,
2017). These jet stream diversions can produce specific at-
mospheric situations (as mentioned above) (see Figs. 4 and
5), such as historic snowfall like the one produced by the
Storm Filomena in January 2021, a summer with milder
temperatures than usual or the appearance of a hurricane
at an unusual latitude. The emphasis of this dissemination
proposal is that all of these are events linked to jet stream
changes, which serve as an example of the importance that
the jet stream has with respect to the planet.

8 Conclusion

Our civilization faces a decisive moment with respect to en-
suring that the global average temperature does not exceed
the limits established by the Paris Agreement in 2015 and,
thus, preventing abrupt and irreversible climate change. Over
the last few years, the degree of concern and climate aware-
ness has increased in society, as shown by different sur-
veys all around the world, from Europe to the United States
(Goldberg et al., 2020; European Union, 2019). Nonetheless,
global warming knowledge remains stalled. The public does
not even understand the most basic scientific concepts about
climate change.

The origin of this imbalance between awareness and
knowledge is partly due to the manner in which mass media
deals with this issue — always reporting but never educating.
The climate crisis, given its characteristics — global, slow and
often invisible to the untrained eye — represents a challenge
for homo sapiens’ cognitive ability. For that reason, commu-
nication cannot simply be based on the typical mass media
news coverage. New instructional and educational formats
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The subsonic flight that crossed Galiciaf
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Dubai (United Arab Emirates)

-t Area where the _/ . ......

° aircraft used

.. Dubai
Dallas the jet stream )* [:EIA;I
USA to propel o
)

The achievement in data
Duration Max. speed

21% december 13h 19m 1.200 km/h

Standard flight 14h 44m 800 km/h

NV LAVOZ

Figure 2. This graphic explains the characteristics of the Emirates Airline flight that reached a speed of 1200 kmh~! on 21 December 2019
after taking advantage of the strong winds from the jet stream.

Why are conditions so changing?(
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Figure 3. This figure shows the role that the jet stream configuration played during the summer of 2019: the descending region of the jet

stream moved cold maritime air that generated humid conditions in northwestern Spain while an ascending region over the rest of the country
produced high temperatures.
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The warming effects on the jet stream
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Figure 4. This figure explains how climate change is causing the jet
stream to weaken in the Northern Hemisphere, prompting it to more
frequently travel from north to south and from south to north instead
of moving from west to east, thereby often generating situations of
extreme weather, such as heat and cold waves, at midlatitudes.
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Figure 5. This image shows a practical example of the effects of
jet stream weakening on a specific region of the Northern Hemi-
sphere, such as Spain. In addition to generating adverse conditions,
the weather can change from one extreme to another in a short time
depending on the movements of the jet stream. In this case, as the
figure shows, over the period of a few days, the positive thermal
anomalies, due to the arrival of warm air, became negative due to
the irruption of polar air.

are required. We need formats able to contextualize each
piece of news, making the invisible become visible, connect-
ing different areas of the world, creating a global mentality
and, above all, conveying the transformational power of cli-
mate. The Weather Stories format, published daily in the La
Voz de Galicia newspaper, may be a reference to achieve the
goal of Article 12 of the Paris Agreement, as it generates
an experience based on a constant scientific learning process
about climate change by means of a series of characteris-
tics that make it unique: daily frequency, specialization in
scientific dissemination, commitment towards a historic per-
spective and emphasis on teleconnections. A good example
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of this approach is the way in which the dissemination of a
physical concept such as the jet stream has been addressed.

The prominence of meteorology, climate and climate
change in the press also does not match the severity of the
problem, as reported by the scientific community, or the in-
creasing concern in society. The press coverage depends on
the latest news, high-impact extreme weather events, climate
summits or relevant articles in scientific journals (Quesada
et al., 2015). However, apart from this aspect, which has
been thoroughly investigated in the scientific literature, we
must highlight that the content treatment in the press fea-
tures an excessively informational but noneducational ap-
proach. Nevertheless, scientific dissemination of information
requires analysis, depth, context and perseverance, so that the
public can piece together each part of the complex puzzle
that forms the Earth’s climate while also understanding the
role played by each piece (Belenguer, 2003). Approaching
climate change from a dissemination point of view and not
from an informational one is a necessary step that mass me-
dia must take in order to succeed in making the audience
comprehend the nature of such an existential issue as global
warming.

We would like the media in Spain and the rest of the world
to adopt specific scientific communication formats such as
Weather Stories in order to be able to take on the challenge
of explaining climate change to a nonspecialized public with
guarantees. We also believe that it would be wise to try to
measure the impact that Weather Stories has on the public
through experimentation. Our wish for the future would be
that the media would become a valuable resource for the ed-
ucational system. By combining education and information,
it would be possible to successfully face the challenge of un-
derstanding climate change.
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