




CLIMATE CHANGE is no longer a distant 
projection, it is a lived reality. It is in 
the air we breathe, the food we grow, 
and the rhythms of the seasons that no 
longer follow familiar patterns. Yet 
amid this uncertainty, one principle still 
holds: the future is not something we 
await, it is something we create.

In the face of planetary challeng-
es, knowledge becomes our most pow-
erful form of resilience. It empowers us 
to anticipate, adapt, and above all, to 
act with intention. Climate services, 
tools that translate scientific data into 
meaningful insights, are not just tech-
nical instruments. They are bridges 
between research and everyday life, 
between global understanding and 
local action.

They support farmers, urban plan-
ners, educators, and citizens in making 
informed decisions, rooted in evidence 
and guided by concern for our shared 
future.

But knowledge alone is not enough. 
We need imagination. We need innova-
tion. And we need the courage to rei-
magine how we live, build, move, and 
relate, to one another and to the planet.

From emerging climate technolo-
gies to community-driven solutions, it 
is clear: the path forward will not be 
linear, but it can be transformative. As 
every researcher and innovator knows, 
great discoveries happen only when we 
dare to step outside our habitual con-
texts.

This edition of Elements stands as a 
reflection of that belief. It is a space to 
explore the role of science, technology, 
and creativity in shaping a climate-
resilient world, a space to ask not only 
what the future holds, but what kind of 
future we want to shape, together.

Danijela Vučićević,
Acting Director
Center for the Promotion of Science

Photograph by Marko Risović
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Climate services integrate data from 
various sources, offering personalized 
information that can be useful to 
researchers, decision-makers, 
companies, and individuals
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Digital Climate 
Atlas of Serbia

By
Milica Tošić 
Vladimir Đurđević 
Irida Lazić

THE LAST TWO YEARS HAVE BEEN the hottest 
on record to date, both in Serbia and globally. 
Meanwhile, extreme weather events, heat waves, 
raging storms, prolonged droughts, and down-
pours have become increasingly frequent and 
severe. Understanding this change is essential 
for adapting to it and mitigating its consequenc-
es. Central to these efforts are observations 

house gas emissions. Research findings serve as 
a clear warning that climate change has led to 
extreme climate events becoming more frequent 
and more destructive than previously. Although 
rare by definition, extreme weather events—
such as droughts, heat waves, floods, storms, 
forest fires, and hurricanes—have been closely 
studied due to their impact on society and eco-
systems.

According to the National Council on Climate 
Change, agriculture is one of the sectors in Ser-
bia most vulnerable to climate change. This is 
evidenced by the 2012 drought, which resulted 
in an estimated USD 2 billion loss in the agricul-
tural sector. Long-term analyses show that the 

from the land, the air, the sea, and space, along 
with climate models.

“What cannot be measured cannot be con-
trolled” has been a guiding principle for re-
searchers and experts worldwide, and in the 
fight against climate change, data are funda-
mental. Every day, 2.5 billion gigabytes of data 
are generated globally, and their proper analysis 
helps us better understand the unfolding chang-
es and formulate effective adaptation strategies. 
For example, scientists apply climate models to 
examine how the number and intensity of ex-
treme weather events have changed and to what 
extent these trends can be attributed to green-

frequency of summer droughts has doubled in 
Serbia, with nearly every other year in the last 
two decades marked by dry conditions, a trend 
directly linked to climate change. A similar pat-
tern occurred in 2024, when an extreme drought 
affected 92 percent of Serbia’s territory. In addi-
tion to droughts, rising temperatures are also 
driving other extreme events, like flash floods, 
which result from severe storms and dry soil 
with reduced water absorption capacity. Clima-
tological analyses unequivocally place Serbia 
among the high-risk regions, as it is situated 
within the Mediterranean zone, where climate 
change is more pronounced and advancing at a 
faster pace than in many other parts of the world. 
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Climate change poses a global challenge that 
calls for a multidisciplinary approach and inter-
national cooperation. For example, if the re-
search focus is on climate extremes, meteorolo-
gists play a key role in collecting, monitoring, 
and analyzing weather data, while engineers 
and urban planners assess their impact on in-
frastructure and urban environments. Biolo-
gists and environmentalists study how climate 
change affects ecosystems and biodiversity, 
while sociologists may analyze its social and 
economic repercussions. All these perspectives 
are important for understanding the implica-
tions of climate extremes and developing effec-
tive strategies for adapting to and mitigating 
their effects. In such a world, climate services 
become a key tool for informed decision-mak-
ing across all sectors of society. These systems 
help access, analyze, and interpret climate data, 
thus facilitating planning and adaptation ef-
forts. Their objective is to make scientific find-
ings on the climate available and applicable in 
the real world—from urban planning and agri-
culture to the energy and healthcare sectors. 
They connect science and practice, providing 
users with reliable information on past, pres-
ent, and future climate conditions.

Therefore, the objective of climate services 
is to establish a centralized and comprehensive 
database to support sectoral studies on the im-
pacts of climate change (agriculture, public 
health, infrastructure, water management, for-
estry), as well as improve the education of ear-
ly-career scientists and professionals from vari-
ous disciplines in the analysis, interpretation, 
and application of meteorological data. Providing 

Serbia has only recently acquired a digital tool 
that allows a wide range of users to access rel-
evant information. This is the Digital Climate 
Atlas tailored for Serbia—a free online platform 
that draws on meteorological and geospatial 
data to give us insight into ongoing and antici-
pated climate change impacts. The Digital Cli-
mate Atlas of Serbia has been developed in co-
operation with the Faculty of Physics at the 
University of Belgrade, and the Neopix design 
studio, as part of the NAP project (Advancing 
Medium and Long-Term Adaptation Planning in 
the Republic of Serbia), with support from the 
United Nations Development Programme (UNDP) 
and the Serbian Ministry of Environmental 
Protection.

This platform integrates historical climate 
data and projections from regional climate 
models for the entire country, as well as for re-
gional and local contexts. What is particularly 
useful is that one can easily access information 
relevant to our country—both on the patterns 
of climate change documented over several de-
cades, and potential future trends depending on 
the selected greenhouse gas emissions scenario.

Although climate research across Europe re-
lies on the same global databases, such as the 
Copernicus Climate Data Store, having a service 
tailored specifically to Serbia gives access to 
more precise information that can be readily 
applied in local analyses. Instead of users pro-
cessing vast amounts of data on their own, the 
Atlas provides systematized and visualized pro-
jections—maps and graphs for various seasonal 
and annual analyses and data—thus saving time 
and facilitating informed decision-making. The 
Atlas covers a wide range of climate variables, 
including temperature, precipitation, and spe-
cific climate indices.

users in sectors such as agriculture and forestry 
with easy, open access to the information helps 
make more accurate assessments of the risks 
and consequences of extreme weather and cli-
mate events for life and the economy in Serbia. 
In addition to ensuring long-term resilience to 
climate change, quality information enables 
timely responses to extreme weather events. 
With reliable data, we can more effectively alert 
populations in at-risk areas, plan protective 
measures, and organize timely relief efforts in 
the event of natural disasters. With this approach 
in place, we strengthen society’s capacity to 
adapt and build resilience to growing climate 
challenges. As science and technology continue 
to advance, we gain access to modern instru-
ments for data collection at meteorological sta-
tions, precise satellite measurements, and tools 
for their systematization. While data can offer 
detailed insights into past and current climate 
conditions, we can now also rely on climate pro-
jections based on numerical models to give us 
valuable information and insights into future 
conditions. Climate services integrate data from 
various sources, offering personalized informa-
tion that can be useful to researchers, decision-
makers, companies, and individuals.

There is an interesting ongoing project 
dubbed Destination Earth, an initiative that aims 
to create a digital twin of the Earth. The simula-
tion is actually its computer version, which will 
enable an integrated study of climate change, 
its socio-economic consequences, and possible 
adaptation and mitigation strategies.

While global research centers have been col-
lecting and analyzing climate data for years, 

All climate data presented in the Digital Cli-
mate Atlas of Serbia are publicly available and 
free of charge, extracted in a digital format suit-
able for further analysis in tools such as Excel 
or GIS. The platform includes the option to 
download raw data, which is particularly valu-
able for climate researchers and experts. Addi-
tionally, the Atlas provides detailed user in-
structions, project information, and contact de-
tails for further inquiries.

The Digital Climate Atlas of Serbia was de-
veloped to bridge the gap between climate in-
formation and its application across various 
sectors. Unlike similar initiatives worldwide, 
this platform has been designed to be accessible 
to a broad spectrum of users, from those with 
minimal prior knowledge, including pupils and 
teachers who can use it for educational purpos-
es, to experts who require precise and reliable 
data for advanced research. So far, several 
workshops on the applications of the Digital At-
las have been organized, bringing together re-
searchers and experts from the academic com-
munity, representatives of ministries and deci-
sion-makers in the public administration and 
local self-governments, as well as experts from 
various institutes in Serbia. 

Milica Tošić is a PhD student in meteorology at the 
Faculty of Physics, University of Belgrade, where 
she works as a research associate and teaching as-
sistant. Her work focuses on climatology, the analy-
sis of climatological data, and numerical atmo-
spheric modelling. As part of her doctoral research, 
she is examining extreme weather and climate events 
and exploring new methods for their prediction.

Vladimir Đurđević is a professor at the Institute of 
Meteorology, Faculty of Physics, University of Bel-
grade. His work focuses on developing numerical 
models for weather forecasting and climate simula-
tion, as well as on analyzing climate data. In his 
free time, he enjoys drawing and advocating for 
open data and free software.

Irida Lazić is a researcher and teaching assistant at 
the Faculty of Physics, University of Belgrade. As a 
PhD student, she is working on numerical climate 
modeling, exploring ways to improve climate pro-
jections and provide a clearer picture of the climate 
we can expect in the future.

The Digital Climate Atlas of 
Serbia provides systematized 
and visualized projections—maps 
and graphs for various seasonal 
and annual analyses and data—
thus saving time and facilitating 
informed decision-making
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Dr. Francisco J. Doblas-Reyes
Barcelona Supercomputing Center (BSC)

Dr. Asunción Lera St. Clair
DNV and Barcelona Supercomputing Center (BSC)

On the Path to an 
Equitable and Diverse 
Climate Services 
Community in Europe

“Climateurope2 is a project that’s helping expand the 
community, bringing in voices from the social sciences, 
humanities, private sector, and the policy world. And it’s 
making those connections meaningful, especially 
through its focus on standardization”

(September 29–October 1, 2025), we spoke with 
two of the project’s leading voices:

Francisco Doblas-Reyes is an ICREA research 
professor and Director of the Earth Sciences De-
partment at the Barcelona Supercomputer Cen-
ter. He coordinates the Climateurope2 project 
and has contributed as a lead author to both the 
AR5 and AR6 reports of the IPCC in climate 
modelling and climate information chapters.

Asun Lera St.Clair is a philosopher and soci-
ologist, also lead author in AR5 working group 
on adaptation, currently working as Climate 
Change Lead in the Renewables team at DNV 
Group Research and Development. She is also a 
visiting leading researcher at the Earth Sciences 
Department of the Barcelona Supercomputing 

a client or, in our case, the user of the climate 
service. A climate service entails reaching out 
to users, understanding their needs, and creat-
ing processes that allow meaningful interaction 
with them.

So, in short, the disagreement stems from a 
lack of understanding of what the full process 
entails and the different components involved 
in delivering a climate service that is truly use-
ful.

To move toward shared understanding of 
what climate services involve, Climateu-
rope2 has proposed four key components 
that define what a fit-for-purpose climate 
service should include. How do these help 
clarify what a climate service really is?

FDR: The components are essential for structur-
ing conversations around climate services. As 
someone from the technical side, I tend to think 
mainly about climate data, observations, and 
models when talking about climate services. 
But these components help to see the full pic-
ture and recognize that other elements are just 
as critical and that climate data per se cannot go 
very far in delivering the service.

The components allow all the relevant actors 
involved in the process of developing a climate 
service to have a shared understanding and a 

By 
Inés Martín del Real 
Barcelona Supercomputing Center (BSC)

AS EUROPE FACES INCREASING CLIMATE chal-
lenges, one EU-funded project is working be-
hind the scenes to make climate services more 
effective, equitable, and trustworthy. Climateu-
rope2 is working to build an equitable and di-
verse climate services community in Europe 
that help to shape the future of climate services 
through dialogue, collaboration, and standardi-
sation.

Ahead of its upcoming Festival “Empower-
ing society through climate services” in Belgrade 

Center. Within the project, she leads the formu-
lation of synthesis recommendations that set 
the ground for standardising climate services.

Together, they reflect on the project’s effort 
to build a connected climate services commu-
nity and discuss why standards are key to fu-
ture resilience and adaptation in Europe.

To start off, how would you explain what a 
climate service is to someone who’s never 
heard the term before?

ALS: A climate service is the provision of climate 
data and information together with other rel-
evant data, such as socioeconomic, vulnerabil-
ity, or environmental factors, in a way that 
makes it usable and useful for decision-making.

This is a very complete definition, yet there 
still seems to be disagreement around what 
a climate service really is. Why do you think 
that is?

ALS: Many people confuse climate services with 
simply having a website or portal that provides 
climate data and information. But climate infor-
mation alone usually tells very little about what 
it actually means for people.

However, the keyword here is ‘service’, which 
implies doing something for either a customer, 

Photographs courtesy of Dr. Francisco J. Doblas-Reyes and Dr. Asunción Lera St. Clair
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how the climate service is presented and shared. 
Is it a platform thath is easy to use? Are the 
maps or visuals intuitive or confusing? And fi-
nally, there should be a feedback mechanism to 
learn from users’ experiences so that the servic-
es can be improved.

From all these four components, Climateu-
rope2 is searching for key requirements that 
climate services should meet in order to be tru-
ly fit-for-purpose and as a starting point for set-
ting standards.

These components clearly support climate 
service providers in developing effective 
services. But how do they benefit users?

ALS: By identifying the requirements for cli-
mate services that are fit for purpose, we could 
tell the users “These are the kinds of things you 
should expect a climate service to offer.”

In a way, it's like knowing your consumer 
rights. As we define these requirements, we are 
also helping users understand what a good cli-
mate service should look like. Because standards 
work both ways: they don’t just guide the pro-
viders, they also help educate users about what 
they can and should demand from providers.

ALS mentioned co-production as a key com-
ponent of climate services, which suggests 

FDR: These sector-specific workshops aim to 
better understand how different sectors are af-
fected by the standardization of climate servic-
es. We want to learn whether they are currently 
using climate services, and for those who are 
using them or planning to, which aspects they 
consider most important when it comes to de-
fining standards.

The recommendations for standardization 
that Climateurope2 will make will eventually 
feed into the official standardization process led 
by CEN-CENELEC. These standards could sig-
nificantly shape the future market of climate 
services, not just in Europe, but globally. So 
these events offer sectors an opportunity to 
have a say in how those standards are designed.

Why did you want to start these workshops 
with private providers?

ALS: We already work closely with public pro-
viders of climate services and the WMO. But for 
these workshops, we chose to begin with pri-
vate providers because they’re really the ones in 
the trenches. They create services that are rep-
licable while adapting the climate information 
and data to different types of customers doing 
very different things.

We want private providers to be involved in 
the maturing of recommendations for standard-
ization and feel part of it. The best way to make 
that happen is by bringing them into the con-
versation from day one, which is now, before 
the formal process of standardization begins.

What were the main messages that emerged 
from the workshop with private-sector pro-
viders, especially those that might be rele-
vant for the broader conversation around 
climate services?

FDR: One thing that is interesting to mention is 
that this event was probably one of the very few 
where different types of climate services pro-
viders were put together. For many of them, 
this was the first time they had a chance to talk 
to each other, not in a research or academic set-
ting, but in a space focused entirely on their re-
al-world experiences. This approach was key to 
reaching a point where new knowledge was 
identified. The discussions were not driven by 
academic papers or research presentations, but 
about the issues that mattered to them. And 

more balanced discussion about what climate 
services really are, how they are built, and how 
we can work toward standardizing them.

Can you briefly describe these four compo-
nents and explain why each of them matters?

ALS: The four components form a logical se-
quence. The first component is understanding 
the decision context in which the climate ser-
vice is going to be used. This means knowing 
who will use the service and to understand 
what kind of decisions they need to make and 
under what conditions.

The second is the co-production process. 
Once the relevant actors involved in the devel-
opment and take up of the climate service are 
identified, they must be involved from the be-
ginning to the end, following robust methodolo-
gies. There are a lot of methodologies that de-
scribe how to execute co-production successful-
ly in many different ways.

The third component involves the integra-
tion of climate information with other relevant 
data and information, such as socioeconomic or 
environmental data, domain or local knowledge, 
as some examples. This integration is key to 
making climate information meaningful in real-
world settings.

The fourth component brings two important 
aspects: delivery mode and evaluation. It’s about 

that a wide range of people must be involved 
in their development. One of Climateu-
rope2’s goals is to build a European climate 
services community that includes providers, 
purveyors, and users. Why is it important to 
have such a diverse and representative com-
munity? And how can this help in develop-
ing standards for climate services?

FDR: As Asun mentioned, climate services 
should put climate information into context. 
This means considering the values and needs of 
those that are going to make the decisions. 
When developing requirements or standards 
for climate services, we have to make sure that 
they respond to all these different needs with-
out being biased. It would be easy to imagine 
that a climate service is successful just because 
it works well for sectors that are already famil-
iar with climate data and information, like in-
surance or energy. There are, however, other 
sectors that are less familiar with climate ser-
vices, yet are still highly sensitive to climate 
change and variability, like food production, 
tourism, or sectors involved in protecting vul-
nerable populations, such as disaster risk man-
agement. They also need success measures and 
feedback mechanisms that identify their re-
quirements.

That’s why building an inclusive, represen-
tative community is so important. It helps en-
sure that climate services are accessible, usable, 
and relevant across different sectors and levels 
of decision-making.

How is Climateurope2 facilitating this dia-
logue to build this climate services commu-
nity?

FDR: Climateurope2 is organizing a variety of 
activities that increase the engagement with the 
community, such as festivals, webstivals, work-
shops, questionnaires, surveys… These events 
serve both to identify the community and to 
gather knowledge and experience from the 
community itself.

One of the activities of Climateurope2 was 
an in-person workshop with private provid-
ers in Barcelona. Similar events are planned, 
for example, one with the health sector later 
this year. What are the main objectives of 
these workshops?
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We’ve been talking about the importance of 
including a wide range of sectors and voices. 
The upcoming Climateurope2 Festival in Bel-
grade is especially relevant in this regard, as 
Eastern Europe has historically been under-
represented in the climate services commu-
nity. Why do you think this underrepresen-
tation exists?

FDR: In Eastern Europe, the public and private 
climate services markets have not had the same 
opportunities to grow as in Western Europe. 
Part of this is related to political priorities. Prob-
ably, climate adaptation and mitigation have not 
often been at the top of the national agendas. As 
a result, solutions like climate services, which 
play an important role in increasing climate re-
silience, have had very little visibility.

That’s why it is so important for Climateu-
rope2 to hold the Festival in Belgrade. It is a way 
of showing that the climate services community 
values being present there and a chance to illus-
trate how the climate services market in the re-
gion can develop for the benefit of society.

Beyond organizing events such the Festival 
in Belgrade, what other actions are needed 
to better involve Eastern European countries 
in the climate services community and sup-
port the uptake of climate services in these 
regions?

FDR: One of Climateurope2’s goals has been to 
identify the key actors working in climate ser-
vices in Eastern Europe. But this has not been 
easy or fully successful yet, but we need to keep 
trying. It is only by identifying who is there, 
reaching out to them, and making them aware 
of the opportunities that exist that we can start 
having some local impact. Of course, the change 
ultimately has to come from the local and re-
gional actors, we cannot expect to just go in and 
tell people what they should be doing. What we 
try to do is to build with them an honest and 
clear picture of what is possible, and build ca-
pacity.

ALS: Apart from what is in the hands of Cli-
mateurope2, in EU-funded research projects 
there are often specific requirements to include 
partners from Eastern Europe. But that alone is 
not enough. I think something else needs to 
happen at the European Commission level to go 
the extra mile to build real capacity in the re-
gion. People and institutions in these regions 

ALS: In my case, I’ve been working in cli-
mate services for over 14 years and early on I 
saw how dominated the field was by the physi-
cal sciences. But climate is not just a physical 
phenomenon. It’s deeply human, social, politi-
cal, and economic. In fact a big part of climate 
change is about values. So, I became very moti-
vated to look at the broader picture and the hu-
man and social dimensions.

Climateurope2 is a project that allows exact-
ly that. It’s helping expand the community, 
bringing in voices from the social sciences, hu-
manities, private sector, and the policy world. 
And it’s making those connections meaningful, 
especially through its focus on standardization.

Standards are a form of governance. And 
right now, there’s a real opportunity to shape 
how climate science supports European climate 
policy, resilience planning, and implementation 
of major frameworks like the EU Green Deal 
and the European Climate Law. Climateurope2 
is right at that intersection. 

Inés Martín del Real is a Science Communicator in 
the Earth Sciences Department at the Barcelona Su-
percomputing Center in Spain. She holds a degree in 
Biology and a Masters’ in Sustainable Development 
and is interested in communicating complex topics 
combining concise writing with graphic elements 
through her hobby of creating comics.

that is what the market is about. It is crucial for 
Climateurope2 to understand it for the stan-
dardization to be relevant and effective.

ASL: One of the key insights is that the com-
munity of private climate services providers is 
completely heterogeneous. It includes every-
thing from very large to very small organiza-
tions, all working in very different ways. But 
despite this diversity, one thing was very clear: 
they are serious players who want to have avail-
able benchmarking of a minimum quality and 
key performance indicators.

Another takeaway is the need to avoid what 
is called ‘unfair marketing’, where some provid-
ers claim their services can do more than they 
actually can. So there is a strong desire for regu-
lation that can help level the playing field. A 
more balanced market is both more effective 
and more trustworthy. This is not just about 
private actors working with other companies. 
Many of them have public-sector clients too, 
such as governments, cities, even communities. 
So, the standards we are talking about would 
benefit public services as well.

Another point that came up was how much 
providers value the possibility of delivering ser-
vices that are partly repeatable and partly be-
spoke. It makes business sense: you create a ro-
bust service that can be replicated, but still 
adapt it to different local needs.

Looking ahead to the event with the health 
sector planned for September, what do you 
hope to learn from it? And how do you ex-
pect it to differ from the workshop with the 
private sector?

FDR: To begin with, in the climate and health 
sector, the number of actors already familiar 
with how climate affects health is quite small, 
and among them, even fewer are familiar with 
climate services. That’s a big difference com-
pared to the private-sector event.

Also, the climate and health sector deals 
with very different challenges depending on the 
region. The problems faced in developed re-
gions are not the same as those in regions with 
economies in transition. For this reason, one of 
the main goals is to collect input from a wide 
range of voices and places. This goes back to the 
importance of having a diverse network that we 
can rely on.

need the capacity not only to understand and 
use climate information, but also to implement 
the standards we are now starting to develop. 
This, in fact, is also the case for all European 
countries.

The potential impact of Climateurope2, from 
building a stronger climate services commu-
nity to shaping standards and supporting 
more inclusive development, is very much 
long-term. What personally motivates you 
to commit to this kind of work over time?

FDR: A few years ago, I was involved in a project 
on quality assurance for the Copernicus Climate 
Change Service (C3S). Someone asked me why I 
would focus on something so unglamorous and 
unlikely to lead to many publications or aca-
demic prestige. My response was simple: if we, 
as experts, do not engage in this work, someone 
else will, likely without the knowledge or per-
spective needed to do it well.

It is for this same reason that I am involved 
in Climateurope2. It may not be the flashiest 
scientific project, but it addresses something es-
sential: building a foundation for trustworthy, 
effective, and inclusive climate services. If we 
do not engage, we risk ending up with stan-
dards and frameworks that do not reflect the 
values or realities of those who actually work in 
or depend on climate services. So, for me, this is 
about taking responsibility and making sure 
things are done right.
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INTERVIEW

Dr. Nikola Obrenović
BioSense Institute

When Data Tell a Story: 
Decoding Climate Change

“Тoday’s technologies can communicate with users, ask 
for additional information, provide advice, and offer the 
best possible guidance on how to act on climate change”

-makers with tools to understand and manage 
climate risks. From a conversation with Dr. 
Obrenović, we learn why the availability and 
proper application of data should be seen as one 
of our greatest allies in the age of climate 
change.

How do you see the role of information tech-
nologies in facilitating adaptation to climate 
change, particularly in agriculture? What 
are the key opportunities that these tech 
tools open up for us? And what can we do to-
day that was once out of reach?

The rapid development of AI-driven informa-
tion technologies is something we need to keep 
pace with, as this advancement enables us to 
solve problems that were previously beyond our 
grasp. Although the basic mathematical con-
cepts behind these models are not particularly 
complex, the models themselves are huge, al-

relevant data. The synthesis of all this informa-
tion enables us to provide farmers with recom-
mendations on what to do on their land in the 
upcoming season and when exactly, based on 
expected climate conditions and the analysis of 
prior data.

The platform also gives them guidance on 
how to adapt to climate change. For example, 
relying on historical data and forecasts, farmers 
can plan which crops to grow and when, which 
can result in higher yields and more effective 
crop rotation.

It is important to mention that the platform 
currently has around 25,000 registered users, 
which is essential, as the quality of ML and AI 
models depends on the volume of data. Without 
a sufficient amount of data, it is impossible to 
develop a reliable and precise model capable of 
providing sound recommendations.

What have been the biggest obstacles so far 
to the implementation of such technologies 
in agriculture—technical, organizational, 
or those linked to users’ trust?

By 
Bogdan Đorđević

Photographs by 
Vladimir Janić

DR. NIKOLA OBRENOVIĆ, a senior researcher at 
the Center for Information Technologies, Bio-
Sense Institute in Novi Sad, is a scientist who 
successfully integrates academic expertise, re-
search, and industrial practice. After complet-
ing his PhD at the Faculty of Technical Sciences 
in Novi Sad and working as a postdoctoral re-
searcher at the prestigious Federal Polytechnic 
School of Lausanne, Nikola participated in sev-
eral European projects in the fields of mathe-
matical optimization, software engineering, and 
machine learning. Today he is engaged in proj-
ects such as UDENE and SONATA, and the Agro-
Sense platform, which use data analysis to pro-
vide farmers, urban planners, and decision-

lowing us to detect dependencies and model re-
gressions that we previously could not. This 
lays the groundwork for making more accurate 
assumptions and precise projections about the 
changes ahead.

Moreover, large language models help bring 
technology closer to people. One no longer 
needs to be highly digitally literate, or even 
willing to educate themselves in that field, as to-
day’s technologies can communicate with users, 
ask for additional information, provide advice, 
and offer the best possible guidance on how to 
act on climate change.

Can you please explain how the AgroSense 
platform works, and how it supports farm-
ers in making informed and sustainable de-
cisions?

The first and most important function of the 
AgroSense platform is data collection. Farmers 
need to register, input their land parcels, and 
record activities taking place on them, includ-
ing the crop yields achieved. In parallel, the 
platform gathers meteorological and other 
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on a ring road. The earlier plan was to convert 
the road running through the so-called Lower 
Town of the Petrovaradin Fortress to a pedestri-
an zone. However, we already have heavy traffic 
in these streets, and this will cause major traffic 
changes so our objective is to see how this will 
affect air pollution. Whenever we have big traf-
fic jams, we also see rising air pollution levels.

What insights can be derived from compar-
ing the city’s transportation potential with 
real-time mobility data? What are the chal-
lenges associated with the application of 
agent-based models in this context?

We approach this project from two perspec-
tives—macroscopic and microscopic. At the 
macroscopic level, we analyze citywide dynam-
ics. Based on the transportation data for Novi 
Sad, which we obtained from various city ad-
ministrations or found on open data websites, 
we are identifying correlations. These data on 
the city’s transportation potential have proven 
very useful for the macroscopic approach to 
transportation and air pollution modelling. Pri-
marily used by urban planners, the data de-
scribe the potential of each street segment—
whether there are shops, cinemas, or other ven-
ues that attract people—and indicate a street’s 
capacity to serve as a connection between two 
points in the city. Here I would like to mention 

You have already mentioned three prospec-
tive projects resulting from the work done 
so far. Is anything else noteworthy underway?

Well, ideas are overlapping. I am preparing an 
expression of interest for a consortium that 
would deal with the timely mitigation of cli-
mate change. In that context, we would like to 
show how we can contribute to the application 
of nature-based solutions, which we are already 
working on, so as to upgrade agricultural prac-
tices and reduce the use of chemical solutions. 
Additionally, we are exploring ways to restore 
certain wetlands and thus preserve biodiversity, 
which is now at risk due to more frequent 
droughts.

Our second workstream focuses on techno-
logical development—primarily the application 
of large language models. We have already pre-
pared several project proposals, and we are still 
waiting for some responses. The aim is to inte-
grate an AI component into the AgroSense sys-
tem to make it more accessible and intuitive for 
end users.

And the third workstream, which I have al-
ready mentioned, addresses the sustainability 
of urban environments. In that field, we are 
strengthening our cooperation with colleagues 
from the Faculty of Technical Sciences and ur-
ban planning experts, so that we can act in con-
cert to develop models for sustainable develop-
ment in urban areas.

Given your experience of working in Swit-
zerland and participating in numerous Eu-
ropean projects, how would you rate our 
country in terms of developing and imple-
menting digital tools for tackling climate 
change?

As an institution, BioSense is increasingly 
broadening its scope to include sustainable de-
velopment—we are no longer focused solely on 
agriculture and biosystems, but are also striv-
ing to encompass other aspects vital to a sus-
tainable future. As for the quality of coopera-
tion, approach to work, and the number of proj-
ects, I can say that BioSense is quite well posi-
tioned so I do not see any real difference com-
pared to my experience in Switzerland. With 
one important note: now I work in my own 
country. 

More about the author on page 50

In agriculture, the transfer of knowledge from 
one generation to the next has a strong influ-
ence—farmers often continue doing things the 
way their family members did. So, one of the 
main challenges is that technology often seems 
very remote from users’ daily lives, both visual-
ly and in terms of user experience, especially in 
the agricultural sector.

To mitigate this challenge, we organized 
workshops, activities as part of the Digital Vil-
lage project, and other forms of assistance. 
Through these efforts, we have brought tech-
nology closer to users, making this hurdle easi-
er to overcome.

At the international climate festival held in 
Venice as part of the Climateurope2 project, 
you presented another project—UDENE (Ho-
rizon Europe programme). Could you tell us 
a bit more about this project?

The UDENE project focuses on applying natural 
experiments to help mitigate the effects of cli-
mate change and improve environmental condi-
tions in various urban and rural zones. My team 
and I are developing the use case for Novi Sad as 
we want to estimate air pollution levels in light 
of the planned changes to the transportation in-
frastructure.

Put simply, two bridges are currently under 
construction in Novi Sad due to ongoing works 

Professor Marina Carević-Tomić from the Fac-
ulty of Technical Sciences, who collected all the 
data and granted us access.

It is very important that the data are acces-
sible and that their collection is much easier 
and more affordable than that of real-time 
transportation data, which require costly infra-
structure and complex systems. Although the 
data are descriptive, we have demonstrated that 
it is possible to use them effectively to model 
and estimate harmful emissions without the 
need for continuous transportation monitoring.

On the other hand, agent-based models, 
which simulate the behaviour of each transpor-
tation participant as a distinct software agent, 
provide a more detailed and dynamic picture of 
the transportation system. However, their ap-
plication is significantly constrained by the lack 
of adequate and comprehensive data.

In Novi Sad, we have a data sample from 
previous years covering around 11,000 to 12,000 
citizens, which is less than 5 percent of the total 
population. Our team has developed a cutting-
edge algorithm to synthesize the data required 
for building an agent-based model and has suc-
cessfully applied it to the available data. This 
novel agent-based model helps us do a more 
precise simulation of minor traffic events, such 
as the frequent stopping and starting of vehi-
cles, which contribute most to harmful emis-
sions and negatively impact air quality in urban 
environments.

It seems that such projects call for intersec-
toral and interdisciplinary cooperation 
among various professionals—from urban 
planners and climatologists to transporta-
tion engineers?

Absolutely. And this has been our approach 
throughout the project. Currently, three new 
project proposals are being prepared, each di-
rectly stemming from this work. Of course, we 
still need to see whether we will get financial 
backing, but for now, the initiative is there. This 
time, we have expanded the cooperation, and 
involved the Faculty of Transport and Traffic 
Engineering in Belgrade, the Faculty of Trans-
port and Traffic Sciences in Zagreb, and many 
other colleagues from across Europe.

What else is happening at the BioSense Insti-
tute as part of its climate research efforts? 
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Although weather fortune-telling remains deeply rooted 
in our cultural heritage, an adequate response to the 
challenges of climate change must be based on up-to-date, 
reliable scientific data provided by climate services
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Weather 
Fortune-Telling

By
Đorđe Petrović

IN THE LATE 19TH CENTURY, Serbia was home to 
an annual, illustrated calendar entitled Orao 
(The Eagle), which, in addition to the church cal-
endar and helpful information on traditional 
festivities and holidays, also featured a section 
on weather fortune-telling. This was a form of 
weather forecasting rooted in folklore. Such 
methods of predicting weather were not con-
fined to calendars alone—weather divination 
also appeared in certain magazines and daily 
newspapers of the time, and even in a Croatian 
encyclopedia published half a century later.

Of course, this folk meteorology originated 
long before the 19th century. Without access to 
modern science, our ancestors relied on weath-
er lore passed down from one generation to the 
next. They looked for signs in religious holi-
days, celestial phenomena, animal and plant be-
havior, and other natural events that might of-
fer clues about the weather ahead, whether for 
the following day or the approaching winter. It 
was on the accuracy of these predictions that 
the fate of their crops and livestock depended—
and sometimes their very lives.

COME ST. MRATA’S DAY, 
SNOW DRIFTS TO YOUR DOOR

The weather was often forecast based on signs 
revealed during major religious holidays. As 
folk tradition holds, the weather conditions on a 
particular holiday could predict the weather for 
the entire year. For example, if it rained on 
Theophany—celebrated in the Serbian Ortho-
dox tradition on January 19—it was believed 
that the year would be rainy, while frost on that 
night was thought to signal a fertile and pros-
perous year. Clear skies, however, were inter-
preted as a sign of drought.

Similar beliefs applied to other religious hol-
idays. It was believed that the weather on the 
Nativity of the Virgin Mary—celebrated in the 
Serbian Orthodox tradition on September 21, 
anticipated what kind of fall and winter might 
be expected—a bright day heralded a sunny fall 
and a mild winter, while rain and clouds 
brought a bleak fall, followed by cold and snow. 

Twenty days later, on October 12, Serbs cel-
ebrate St. Michael’s Day (Miholjdan). A stretch 
of fair weather around this feast is commonly 
referred to as miholjsko leto, often translated as 
an Indian summer. Folk belief holds that after 
this brief spell of warmth, true fall sets in.

Moreover, if the weather is warm and sunny on 
St. Michael’s Day, it is thought to signal a long 
and cold winter ahead. If October is marked by 
rain and fog, a popular proverb warns: “As much 
fog in October, as much snow in February.”

In Serbia, St. Demetrius’ Day is marked on 
November 8 and is one of the most widely cel-
ebrated patron saint days. The weather on this 
day was traditionally believed to hint at what 
winter would bring. Sunny weather was seen as 
a sign of a cold and severe winter, while clouds 
or the first snow suggested a somewhat milder 
season. On St. Demetrius’ Day, people used to 
observe animal behavior closely—if sheep were 
lying with their legs drawn in, it was believed 
that winter would be mild, but if they were ly-
ing with their legs stretched out, the expecta-
tion was that winter would be harsh with 
strong frosts.

St. Mrata’s Day, celebrated in the Serbian 
Orthodox tradition on November 24, marked 
the beginning of the winter period, so a popular 
folk saying goes: “Come St. Mrata’s Day, snow 
drifts to your door.” Fair weather on this day 
signaled a bitterly cold winter, while fog indi-
cated changeable weather conditions.

Although weather forecasting based on tra-
ditional holidays is part of Serbia’s cultural 
heritage, modern science has shown that such 

predictions are completely unreliable and no 
more than a coincidence—akin to flipping a 
coin or rolling a die.

NATURAL PREDICTORS

Once again this year, on Sretenje—the day when, 
in folk tradition, winter and spring meet—the 
media reported that Uroš the bear from the Bel-
grade Zoo came out of his den, stretched, went 
for a walk, and did not go back inside. In folk 
tradition, this could mean only one thing: win-
ter was over, and bright and sunny days were 
coming. Had Uroš been frightened by his own 
shadow and retreated to his den, winter would 
have allegedly lasted another six weeks.

Observing the bear’s behavior is today more 
of an entertaining tradition than a dependable 
method of weather forecasting. A comparable 
tradition exists in the United States, but it fo-
cuses on the groundhog. Surveys conducted in 
the U.S. have shown that the accuracy of predic-
tions by Punxsutawney Phil, the most famous 
furry meteorologist in the country, is below 40 
percent.

Another animal historically associated with 
weather forecasting is the European tree frog. 
Interestingly, its name in Serbian—gatalinka—
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derives from the verb gatati meaning to tell for-
tunes. As the tree frog feeds on insects, it is left 
without food when insects sense a change in 
weather and retreat to their shelters. Consequent-
ly, people noticed that in such cases, frogs would 
also withdraw into puddles, which signaled ap-
proaching rain. In the early 19th century, people 
even kept frogs in glass jars with tiny ladders, 
believing that if the frog climbed the ladder, fair 
weather could be expected. However, if it re-
mained lazily at the bottom, rain was imminent. 
Later studies revealed that the frog’s behavior 
depended more on the conditions inside the jar 
than on actual weather changes outside.

Folk wisdom says that when birds fly low, 
one should expect rain and a storm. This belief 
has some scientific basis—a drop in the atmo-
spheric pressure, which typically precedes in-
clement weather, makes it harder for birds to 
reach higher altitudes. That is why birds tend to 
fly closer to the ground, where the air is denser 
and movement is easier. Some species, such as 
swallows, adjust their flight height because they 
follow insects that also stay low when the hu-
midity levels rise. Still, scientists emphasize 
that this pattern is not always a reliable predic-
tor of weather, as many other factors influence 
birds’ movements.

Not only animals, but plants as well, were 
used to foretell the weather. For example, pine 
cones have been traditionally used to predict 
the weather, as their shape changes depending 
on external conditions. When the weather is 
warm and dry, pine cones open to release their 
seeds, and their scales become pronounced and 
firm. In humid conditions, the scales close to 
protect the seeds, ensuring the best chance for 
the species to reproduce.

A similar phenomenon has been observed in 
daisies. Their flowers remain open during sun-
ny weather, but when they sense increased hu-
midity in the air, the petals shut down and seal 
the flower to protect its reproductive organs 
from the rain. This reaction is part of a natural 
adaptation strategy that helps preserve pollen 
and allows pollination to occur under more fa-
vorable conditions.

Although the sensitivity of certain living or-
ganisms to weather conditions—such as tem-
perature, air pressure, or humidity—is a well-
established scientific fact, changes in these pa-
rameters are primarily indicators of the current 
state of the atmosphere. For this reason, ani-
mals and plants cannot serve as reliable predic-
tors of the weather, especially when it comes to 

FROM FORTUNE-TELLING TO CLIMATE 
SERVICES 

Although folk weather lore is truly fascinating 
as a testament to our ancestors’ ingenuity in in-
terpreting nature and its changing patterns, 
modern science employs a different method-
ological approach. Instead of guessing the 
weather from a bear’s fear of its shadow, the 
flight of birds, or red skies, contemporary me-
teorology measures parameters such as temper-
ature, precipitation, atmospheric pressure, air 
humidity, wind speed, and other relevant fac-
tors. These data are then processed using ad-
vanced software tools and models that simulate 
atmospheric processes, empowering today’s 
meteorologists to produce increasingly detailed 
and accurate forecasts.

Still, the atmosphere is such a complex sys-
tem that even minor changes in one part can 
cause significant repercussions in another. This 
is why accurate weather forecasting, especially 
on a daily basis, is such a challenging task. For 
example, storms or local showers with thunder-
storms are often hard to predict as they typical-
ly result from a complex interplay of several 
factors. Yet, though imperfect, the modern 
weather forecast remains the most reliable 
method available for predicting weather condi-
tions.

As meteorologists focus on short-term 
weather forecasts to assist people in planning 
their daily activities, climatologists study long-
term changes in climate patterns. They collect a 
vast amount of weather data from meteorologi-
cal stations, balloons, satellites, and radars, 
which they later analyze using specialized soft-
ware and supercomputers. Based on these data, 
climatologists model different scenarios in or-
der to understand the current state of the cli-
mate and anticipate future changes.

long-term forecasts. Meteorologists insist that 
the accuracy of these predictions, though some-
what higher than pure coincidence, remains 
quite low.

SOMEWHERE OVER THE RAINBOW

"When it is evening, you say, ‘It will be fair weath-
er, for the sky is red;’ and in the morning, ‘It will 
be foul weather today, for the sky is red and 
threatening.’”(Matthew 16:2) This method of 
weather prediction, found in the New Testa-
ment, is thousands of years old and still persists 
in many cultures today. The weather was fore-
told by observing the reddish glow of the morn-
ing and evening sky, which occurred when 
trapped particles of dust or soot scattered the 
sun’s blue light in a stable air mass.

The red color of the sky indicates the pres-
ence of dust particles in the air, which suggests 
the air is dry. If the air is dry, then the weather 
must be fair. As the sun sets in the west, and 
most weather systems in temperate latitudes 
move from west to east, a red sky at sunset typi-
cally implies that fair weather is approaching 
and will likely arrive the next day. On the other 
hand, a red glow in the morning sky can only be 
seen in the east, where the sun rises. This 
means the fair weather has already passed, and 
rain-bearing conditions may soon come from 
the west.

People not only relied on the color of the sky 
to anticipate the weather, but they also consid-
ered a rainbow a powerful predictor. According 
to folk tradition, a morning rainbow on the 
western horizon is a sign of approaching rain. 
Yet, if it appears in the evening in the east, it is 
a sign of beautiful weather.

This explanation has some grounding in sci-
ence because a rainbow occurs when sunlight is 
scattered and refracted by raindrops in the at-
mosphere. Since the sun rises in the east, a 
morning rainbow indicates rain is already in 
the west, and likely to arrive during the day. In 
contrast, an evening rainbow in the east sug-
gests the rain is moving away, leaving clear skies 
behind. This simple observation helped our an-
cestors anticipate changes in the weather.

As the above examples illustrate, the direct 
or indirect observations of weather conditions 
at a great distance can help us see what kind of 
weather is approaching. In that sense, this fore-
casting method is far more reliable than the one 
based on the behavior of animals and plants.

Considering the comprehensive impact of 
climate change on the environment and various 
aspects of our lives, we must rely on expert cli-
mate information. In this context, climate ser-
vices play a crucial role. They provide diverse 
and timely information about the current state 
of the climate, long-term trends, and climate 
change. These services offer historical data on 
climate patterns, as well as up-to-date informa-
tion on temperature, precipitation, winds, and 
other variable factors.

One such service is the Digital Climate Atlas 
of Serbia, an interactive online platform that 
provides quick and easy access to information 
about climate change within Serbia’s territory. 
If you want to know what the average tempera-
ture might be in your hometown in ten years, or 
whether we may expect milder or harsher win-
ters, you do not need to read signs or omens—
you can find out in just a couple of clicks on this 
platform.

At a time when swift and effective responses 
to climate change are needed, the reliable and 
timely information provided by climate services 
represents a key prerequisite for an adequate 
response to the challenges that come with it. 
Thanks to these services, decision-makers, the 
energy sector, public health authorities, the 
transportation sector, farmers, and the broader 
public can better adapt to new climate condi-
tions and reduce potential risks. 

Đorđe Petrović holds a degree in Journalism and is 
soon to complete his studies in Philosophy. He is 
currently pursuing an MA in Cultural Studies at the 
Faculty of Political Sciences. He joined the Center 
for the Promotion of Science in September 2018.

"Not only animals, but plants as well, were used to foretell the 
weather. For example, pine cones have been traditionally used to 
predict the weather, as their shape changes depending on external 
conditions. When the weather is warm and dry, pine cones open to 
release their seeds, and their scales become pronounced and firm. 
In humid conditions, the scales close to protect the seeds, ensuring 
the best chance for the species to reproduce."
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the EU Mission on Adaptation to Climate 
Change has placed strong emphasis on creating 
the conditions for transformative adaptation, 
with climate data and services as a key compo-
nent. The Mission—launched in 20212 as a flag-
ship initiative under the Horizon Europe 
Framework Programme—drives interdisciplin-
ary and cross‑sectoral research and innovation 
to strengthen Europe’s resilience to climate 
risks and shocks. National and subnational pub-
lic authorities work hand in hand with research 
and innovation institutions as equal partners, 
ensuring that adaptation solutions are co‑creat-
ed, practical, and widely owned. Serving as the 
innovation arm of the EU Strategy on Adapta-
tion to Climate Change2, the Mission sets out 
bold objectives—among them, empowering lo-
cal and regional authorities (LRAs) with the 
tools and knowledge to access, interpret, and 
apply climate risk data, methods, and services, 
thus enabling the design and implementation of 
robust, science‑informed adaptation strategies 
and investments.

climate zones and institutional contexts have 
received financial and technical support, ensur-
ing that the toolbox is tested, refined, and vali-
dated in real‑world conditions. CLIMAAX has 
also built a Community of Practice linking au-
thorities, technical partners, and stakeholders. 
This network supports peer learning, sharing 
experiences, and replicating good practices, lay-
ing the foundations for a long‑lasting ecosystem 
of regional climate risk assessment that will 
continue beyond the project and the EU Mission 
on Adaptation.

Another European initiative, REACHOUT2 
(Resilience in Europe through Activating City 
Hubs), has been working hand in hand with 
seven pilot cities across Europe to co‑create the 
Triple‑A Framework and Toolbox of climate 
services—one of the project’s flagship results—
as a flexible, modular, and expandable set of 
tools designed to help cities, communities, 
and regional authorities advance their climate 

2)  Horizon 2020 funded initiative: https://reachout-cities.eu/

By
Jaroslav Mysiak and Arianna Acierno
Euro-Mediterranean Center on Climate Change

UNDERSTANDING HOW CLIMATE variability 
and change are shaping our lives and environ-
ment is now essential for developing informed 
policies and making smarter decisions at every 
level of society. From guiding production and 
business strategies to framing risk adaptation 
and resilience planning, climate services are 
now integral to evidence-based action. Defined 
in the report entitled A European Research and 
Innovation Roadmap for Climate Services as “the 
transformation of climate‑related data—com-
bined with other relevant information—into 
tailored products such as projections, forecasts, 
risk assessments, economic analyses, and 
best‑practice guidance,”1 climate services pro-
vide actionable insights for society at large.

Recognizing that effective climate adapta-
tion requires more than data and analysis alone, 

To support this ambition, the CLIMAAX1 
(Climate Risk and Vulnerability Assessment 
Framework and Toolbox) initiative has served 
as both a technical enabler and a capacity‑build-
ing platform for regional climate risk assess-
ment. The initiative has developed a regional 
climate risk assessment framework and an 
open-source, customizable Python-based tool-
box that combines state-of-the-art methods 
with practical workflows to assess multiple haz-
ards—such as floods, droughts, heat waves, 
wildfires, and windstorms—while allowing us-
ers to add their own data for locally tailored re-
sults. The choice of methods and tools is flexible 
enough to work in diverse governance settings, 
climates, and data environments across Europe. 
A defining feature of the initiative has been its 
cascading funding mechanism, which enables a 
wide range of local and regional authorities to 
take ownership of their assessments. Through 
competitive calls, authorities from multiple 

1)  Horizon Europe initiative: https://www.climaax.eu/news/

Climate services are no longer just data—they have become 
essential tools for policy, planning, and investment ecosystems

From Insight to Impact: 
How Climate Services 
Support Transformative 
Climate Adaptation

Bringing together diverse climate services can help accelerate and strengthen transformative adaptation

https://www.climaax.eu/community-of-practice/
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performance. While the Triple-A framework is 
helpful for both modes, it is particularly valu-
able for informing the ambition mode, ensuring 
that climate services are effectively integrated 
into strategic planning and that they lay the 
groundwork for more inclusive and adaptive 
governance.

Ambition setting in climate adaptation is a 
policy process that involves defining long-term 
visions and identifying concrete goals and ac-
tions to achieve them3. In contrast to an instru-
mental, risk-based planning approach, it ex-
plores a desirable climate-resilient future and 
integrates multiple policy objectives, including 
mitigation and sustainable development. It re-
quires a structured, stakeholder-driven process 
that accounts for systemic vulnerabilities and 
long-term aspirations. Climate services play an 
important role in facilitating ambition setting 
by providing evidence-based insights, guiding 
stakeholder engagement, supporting systemic 

Climate information is a public good that 
benefits many users and sectors. Governments 
at all levels play a key role in collecting, manag-
ing, and sharing climate data. National govern-
ments build and operate meteorological net-
works, set rules for data sharing, and provide 
essential services such as early-warning sys-
tems and climate information to support devel-
opment and economic planning. Local govern-
ments are on the frontlines of climate adapta-
tion. Cities are where climate risks are most 
acutely felt, but also where action and innova-
tion thrive. Here, public–private partnerships 
drive solutions, and public investments help de-
velop value-added climate services that make 
data more useful and accessible. These services 
support sectors such as insurance, water man-
agement, finance, and infrastructure planning.

In this context, the Adaptation AGORA proj-
ect exemplifies how local and regional actors 
can take a leading role in driving climate resil-
ience. The project actively contributes to the ob-
jectives of the EU Mission on Adaptation to Cli-
mate Change by scaling up innovative ap-
proaches, governance models, and policy tools 
that empower communities. Working across 
four European regions (Italy, Germany, Sweden, 
and Spain), Adaptation AGORA engages local 
stakeholders to address place-based adaptation 
challenges and co-develop digital solutions, 
such as online academies and a mobile app, to 
foster collaboration, share best practices, and 
raise awareness. This bottom-up approach rein-
forces the role of cities and regions as key en-
ablers of the transformation toward a climate-
resilient Europe.

Local authorities have a special responsibil-
ity to promote tailored climate analytics, risk 
assessments, and decision‑support tools. Some 
services are open and free, while others are 
commercial products. Balancing open access 
with innovation is key: open data ensure broad 
use, while specialized applications create busi-
ness opportunities and strengthen urban resil-
ience. Local frameworks for climate services 
should be closely coordinated with national 
strategies to ensure that they are effective, scal-
able, and aligned with broader adaptation goals.

This dual role of governments is also reflect-
ed in climate governance frameworks. The Na-
tional Framework for Climate Services (NFCS) 
is a central mechanism for ensuring that cli-
mate information is effectively used in policy 
and decision‑making. NFCSs serve as platforms 
that coordinate and strengthen collaboration 

adaptation efforts. This Toolbox is an example 
of how individual tools and services, originally 
developed for specific applications, can be inte-
grated and applied together to generate deeper 
insights and support adaptation processes more 
effectively.

The Toolbox enables users to explore climate 
risks, design adaptation goals and ambition, and 
evaluate and prioritize adaptation actions aligned 
with local policy and planning cycles. Climate 
services are used differently depending on the 
stage of the adaptation process. In the ambition 
mode, climate services support visioning and 
priority setting, stakeholder mobilization, and 
framing adaptation as a transformative process, 
fostering institutional learning and capacity de-
velopment. In contrast, the implementation of 
adaptation planning employs climate services 
in a more instrumental role—guiding risk as-
sessments, evaluating adaptation options, 
supporting decision-making, and monitoring 

Analysis 
involves assessing hazards, vulnerabilities, 
and risks related to climate change. It includes 
identifying at-risk areas (hotspot prioritiza-
tion), understanding root causes, and commu-
nicating this information to create a sense of 
urgency.

Ambition 
involves setting visions and goals and de-
signing actions to achieve them. It builds on 
understanding the desired transformation 
(e.g., socio-ecological) and the root causes of 
current challenges while envisioning positive 
futures. This entails exploring options and 
describing pathways to reach the visions.

Action 
is about the implementation of the ambitions: 
an action plan including opportunities to 
mainstream with other policy domains, using 
opportunities for piggybacking, for example.

Enabling conditions 
encompasses a range of factors such as ac-
cess to relevant knowledge and data, effec-
tive governance structures, meaningful stake-
holder engagement, adequate financial re-
sources, and capabilities and skills.

thinking, and linking broad visions with action-
able strategies.

Through a structured approach, based on 
the Triple-A Framework, the Toolbox facilitates 
a stepwise process that ensures that cities are 
not only equipped with high-quality climate 
services but also have the institutional, finan-
cial, and technical capacities to implement and 
sustain adaptation actions over time. In line 
with the goals of the EU Mission on Adaptation, 
the Toolbox promotes systemic transformation 
by embedding climate resilience planning into 
broader urban development policies and invest-
ment strategies. This helps cities align climate 
adaptation efforts with economic growth, social 
equity, and sustainable urban development 
goals. The value proposition, therefore, goes be-
yond simply providing tools and data—it lies in 
fostering a shift in governance, decision-mak-
ing, and market structures to support effective 
and sustained climate action at the urban level.

https://adaptationagora.eu/
https://adaptationagora.eu/
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So far, there has been limited guidance on 
how to define Local Frameworks for Climate 
Services. Recent research has addressed this 
gap by proposing a three-pillar structure: Data 
Spaces, Marketplaces, and Communities of 
Practice.

•	 Data Spaces are organized environments 
in which climate data are collected, stored, 
managed, and accessed. They enhance in-
teroperability, accessibility, and usability, 
simplifying data discovery, sharing, and 
analysis.

•	 Marketplaces act as convergence points 
for the supply and demand of climate 
services. They connect producers and 

Climate risks are becoming a part of every-
day decisions for governments, businesses, and 
communities. To respond, we need more than 
just data—we need knowledge that is clear, use-
ful, and tailored to real needs. This is where cli-
mate services come in. By turning climate data 
into practical information, they act as a catalyst 
and an essential enabler for climate adaptation. 
Projects like CLIMAAX, REACHOUT, and Adap-
tation AGORA demonstrate how open tools, lo-
cal knowledge, and strong partnerships can 
help cities and regions take control of their cli-
mate risk assessments and turn them into con-
crete plans. With the right services in place, ad-
aptation can transform from a challenge into an 
opportunity, helping to build stronger, safer, 
and more resilient communities for the future.
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among national institutions. Regional and Local 
Frameworks for Climate Services (LFCSs) build 
on this foundation by translating national strat-
egies into locally relevant actions. When inte-
grated into regional and municipal plans, LFCSs 
can reinforce NFCSs—just as local adaptation 
strategies support national adaptation plans. 
Within this hierarchy, LFCSs help drive climate‑ 
-resilient economic growth. By connecting with 
local initiatives to make public data reusable 
and improve local data infrastructure, they help 
create the conditions for a faster, systemic 
transformation toward resilience—aligned with 
the EU Adaptation Strategy and the EU Mission 
on Adaptation to Climate Change.

users, facilitating the efficient transfer of 
services, promoting innovation, and sup-
porting co-development.

•	 Communities of Practice are networks of 
individuals and organizations that share 
common interests, knowledge, and experi-
ence, working together to improve the de-
velopment and use of climate services.

Drawing on a comprehensive review of the 
literature and practice, a self-assessment tool 
has been developed and tested to support the 
LFCS design and implementation. It includes 18 
criteria and 56 proxy indicators to help eval-
uate readiness, functionality, and integration 
with broader frameworks4.

Photograph by Euro-Mediterranean Center on Climate Change



28 29ELEMENTS

H E A D E R S

28 ELEMENTS

INTERVIEW

Dr. Vladimir Janković
Historian of Science
University of Manchester

What Are We Really Talking 
About When We Talk 
About the Climate Crisis?

 “Climate change has 
racial, class, and even 
gender dimensions. It 
does not affect 
everyone equally”
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WHO IS RESPONSIBLE for climate change? How 
should we talk about it? What role does science com-
munication play in society, and what challenges 
arise when trying to make science more open?

These were some of the questions we dis-
cussed with Dr. Vladimir Janković, Professor of 
the History of Science at the University of Man-
chester and a keynote speaker at the interna-
tional OpenSciComm conference dedicated to 
science communication and organized by the 
Center for the Promotion of Science (CPN) in 
late November 2022. Professor Janković holds a 
PhD in the history of meteorology and atmo-
spheric sciences from the University of Notre 
Dame in the United States—a compromise, as 
he puts it, between his interest in history and 
his expertise in meteorology, gained during his 
undergraduate studies in Belgrade. He is the au-
thor of one of the most significant studies on 
weather observation and interpretation in 18th-
century Britain, as well as numerous publica-
tions in related fields, and formerly served as 
President of the International Commission on 
the History of Meteorology.

The adverse consequences of climate change 
constitute one of the most significant global 
threats of our time. In one of your papers, 
co-authored with David Schultz, you explore 
the concept of atmosfear and how the effects 
of climate change are communicated in the 
context of extreme weather. Could you tell 
us more about what the term atmosfear 
means, and why it is so frequently resorted 
to?

health warning “Smoking kills.” Why? Because 
they do not perceive this caution as a personal 
or real risk, but rather as something imposed by 
regulatory authorities. Cigarettes are just as 
harmful as ever, but nowadays someone is 
obliged to state that harm publicly.

Aside from the questionable effectiveness of 
the fear appeal approach, as you put it, what 
other concerns might it raise?

If we narrow the risks of climate change to just 
extreme weather events, we may overlook oth-
er, more serious consequences, some of which 
may have little to do with ecology. Take Hurri-
cane Katrina, for example, which devastated 
New Orleans in 2005. It was linked to climate 
change, but also to longstanding structural rac-
ism, reflected in the segregation of African 
American communities living in far more vul-
nerable areas than wealthier residents. If we 
look at it that way, the impact of Katrina was 
highly selective: those least able to protect 
themselves suffered the most severe losses, 
while those privileged, with more resources, 
fared much better. Katrina did not hit everyone 
equally. That is crucial to understand—just as 
future climate extremes will not affect everyone 
equally, even those within the same geographi-
cal area. Climate change, then, has racial, class, 
and even gender dimensions. It does not happen 
to everyone equally.

What can the social sciences reveal about cli-
mate change? 
 
The natural sciences, bolstered by substantial 
investment, have produced remarkable insights 
into the physical world. There is hardly any 
doubt now that their findings are reliable. But 
we also need to understand human behavior. 
When I talk to my students or others about cli-
mate change, I often hear, “Why should I worry? 
It is not going to happen to me—and even if it 
does, we will figure something out.” So, how to 
counter that argument? A scientist may respond, 
“Madam or Sir, you do not seem to be aware of 
the facts, and that way of thinking is irrespon-
sible.” But that is not an effective way to engage 
with the public. People do not like being lec-
tured. They want their perspectives to be ac-
knowledged and treated with respect.

Climate change manifests in altered rainfall 
patterns and temperature regimes, disrupting 
vegetative cycles and, more broadly, plant life, 
with consequences for flora, fauna, and human-
ity—and, ultimately, society as a whole. In re-
cent decades, there has been a clear tendency to 
interpret the effects of climate change primar-
ily through the lens of anomalous or extreme 
weather events, such as hurricanes. In other 
words, climate change is increasingly being 
read through an “alphabet of extremes.”

There is even a scientific field called attribu-
tion science, which investigates the connection 
between long-term climate change trends and 
specific weather events, in an attempt to deter-
mine which of them can be directly linked to 
anthropogenic climate change. For a long time, 
such connections were considered scientifically 
unreliable. Today, however, thanks to various 
specialized methods, it is increasingly possible 
to establish such links in some instances.

However, while framing climate change pri-
marily through extreme weather events may get 
people thinking, it still relies on an old commu-
nication strategy known as the fear appeal. 
Think, for instance, of those large billboards 
showing diseased lungs alongside the warning, 
“This is what your lungs will look like if you 
keep smoking.” It is the same communication 
strategy: the public is shown the consequences 
of a particular behavior, with the expectation 
that this shocking information will prompt peo-
ple to change.

The trouble is, this approach often fails. Peo-
ple keep smoking even when shown such imag-
es—even when cigarette packs display the 

When someone asks me, “Why don’t you live 
in a more climate-conscious way?”—well, let’s 
see what I can actually do. For example, I don’t 
drive much, I rarely fly, I use energy-efficient 
bulbs, and I try not to waste energy. However, 
the problem is that the public cannot contribute 
to solving this issue beyond what is considered 
voluntary action. This is all voluntarism. You 
and I may choose to make climate-friendly 
choices, but two of our friends may not—and 
that effectively cancels out our efforts. Does that 
mean I should stop acting responsibly? No. I do 
it because it aligns with my values. After all, I 
enjoy it. It makes me feel good.

Yet we must be clear: these are voluntary ac-
tions, and as long as something is voluntary, we 
will not see a substantial effect—no matter how 
many individuals act responsibly, because the 
majority will not. Most people will simply say, “I 
don’t have time for that.”

This is where the social sciences come into 
play. How can we better understand the psy-
chology behind voluntary behavior in the con-
text of environmental sustainability? How 
much are we really talking about this? At this 
moment, insights from psychology, anthropol-
ogy, ethnology, sociology, and social psychology 
may be more valuable than ever—perhaps even 
more so than atmospheric modeling. We need to 
draw on these disciplines to understand how 
our societies will transform in response to 
physical changes in the atmosphere. We need to 
understand how best to communicate the real-
ity of climate change, which does not occur 
solely “up there” in the sky, but also affects our 
finances, social mobility, consumption patterns, 
and everyday lives.

“We must think carefully about 
what the right approach to 
science communication should 
be—neither purely declarative, 
nor merely ceremonial. It is 
like walking into a place where 
background music is playing, 
and saying, ‘Could you please 
put on some real music?’”
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We often see a climate change narrative in 
the media that we are all to blame for the 
fallout. But are we really equally responsible 
for the climate crisis? 
 
We might just as well ask who is responsible for 
air pollution. This has been a major topic in the 
Western world since the 1950s. Who is to blame? 
Back then, people drove cars without catalytic 
converters, heated their homes with coal—that 
was simply how life worked. Big companies, es-
pecially in the U.S., produced coal-based energy, 
releasing vast amounts of smoke near major cit-
ies like New York.

So, who is responsible for pollution? Let’s 
consider the actors involved. First, the consum-
ers, but they simply use what is available to 
them. Second, the companies that burn coal to 
generate energy. Third, the legal systems that 
permit these companies to operate in such a 
way, regardless of whether the consequences 
are taken into account. In short, we are talking 
about a synergy of actors where no single party 
can be isolated as the culprit. Historically speak-
ing, we reached a point in the 1950s where the 
way we consumed fuel in our everyday lives 
created a major environmental problem. And 
now we must solve it.

People still need to heat their homes and 
drive cars. Companies must remain profitable 
for society to function. So, technological inno-
vation and policy measures have been intro-
duced to mitigate the issue, and led to a shift to-
ward other energy sources, and so on.

The situation with climate change is similar. 
Today, we all rely on devices that emit green-
house gases. Should we simply stop using them? 
That would mean abandoning the lifestyle we 
have grown accustomed to. So, the real ques-
tions are: what can realistically change? Who 
has the capacity to change? And which parts of 
the system are capable—but currently unwill-
ing—to do so?

We can say that the blame lies with the big 
corporations that profit from fossil fuels. This is 

deserves public trust by default—and that those 
who withhold that trust simply fail to under-
stand it. Their skepticism was dismissed.

However, with the rise of social media and 
the “tyranny of choice” in today’s hyper-demo-
cratic landscape, people now believe they can 
choose their own version of the truth—regard-
less of whether it is grounded in scientific or 
expert consensus. That means I can choose to 
believe that the Earth is flat, or that vaccines 
contain microchips planted by global conspira-
tors—and still feel entitled to that belief.

If we allow this kind of hyper-democracy, 
this radical freedom to choose one’s own ver-
sion of knowledge—what role remains for sci-
ence communication? Today, someone could es-
tablish an “alternative” Center for the Promo-
tion of Science and spread ideas they either 

a frequently cited argument. But then someone 
might ask, “What about the people who work 
for them?” For instance, British Petroleum (BP) 
employs around 120,000 people worldwide. We 
cannot blame them for simply making a living 
and supporting their families. Instead, we need 
to consider where and how the situation can re-
alistically be brought under some kind of con-
trol.

De facto, we all carry some of the blame, but 
not in the same way as someone who deliber-
ately harms another when they can choose not 
to. Blame is tied to conscious action. The fact 
that we are polluting the planet because we 
need to live is not the result of malicious in-
tent—it is simply one of the consequences of 
how life is currently structured.

“There is no such thing as a free lunch,” goes 
a well-known slogan coined by American envi-
ronmentalist Barry Commoner. Yet, people at-
tend conferences where they are served lunch 
free of charge. Free for some, but not for others. 
Ultimately, the environmental cost of that lunch 
is borne elsewhere—by someone or something 
else. Even according to the laws of thermody-
namics, no activity in this world is without its 
consequences. The world is built on the para-
digm of traces. When you get up in the morning 
and walk through pristine snow, you leave a 
mark.

Here we also have a profound philosophical 
question: Is it environmentally harmful to leave 
footprints in the snow? Almost no one asks this. 
And yet, the truth is I have done something to 
nature—I have left a trace. I have altered the 
ecosystem. The reptiles and amphibians be-
neath the snow are certainly not thrilled. Now 
consider skiing, for example: the ski tracks, the 
resorts sprawling across entire mountains for 
the enjoyment of tourists—this too could be de-
scribed as ecological destruction for the sake of 
profit and leisure.

At the conference, you spoke about the im-
portance of public trust in science, which 
has been significantly shaken in recent 
years. How can that trust be restored? What 
is the role of science communication in that 
process?

I emphasized that trust in science cannot be 
taken for granted—it must be earned. For years, 
due to its funding structures and societal status, 
science has operated on the assumption that it 

genuinely believe or are paid to present as the 
truth. Could we prevent such activity? Would it 
be illegal? On what grounds could we ban an in-
stitution that systematically promotes such 
ideas? These are serious questions.

So what, then, is the role of science commu-
nication? Above all, it is an ethical one. We have 
a responsibility to protect people—not just 
from misinformation (because what is informa-
tion to me may be misinformation to someone 
else), but from the consequences of collective 
belief in ideas that are not based on reliable, 
verifiable knowledge.

If a herbalist sends my mother three kilos of 
herbal honey claiming it will cure her, and I ask, 
“Do you guarantee it will help? What happens if 
it fails—will you return the money?”—and the 
answer is “no,” then the basic ethical contract 

“It’s time to move on to something 
more substantial. The question is, 
are we ready to level up?”
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has been broken. They are offering services for 
which they cannot guarantee the promised out-
come.

Now, if that herbalist cannot heal me, I—as a 
pragmatist—will say, “This didn’t work. It’s not 
true.” But if I go to a doctor and he gives me 
penicillin while I have a high fever and a severe 
throat infection, and two days later I am entire-
ly well, I conclude that those pills—even though 
I have no idea what is in them—are extraordi-
nary. And then I begin to ask, “Why did this 
happen?”

In fact, one of the most powerful moments of 
science communication is the sudden recovery 

There is broad consensus in the scientific com-
munity that science, technology, and medicine 
provide a rational framework for understand-
ing the world—and that the outcomes of scien-
tific and technological endeavors are generally 
worthy of respect and consideration in every-
day life. Without science, we would never have 
sent a man to the Moon. These are powerful in-
dicators that science works.

However, at the conference, one presenta-
tion also pointed out that results of a significant 
number of studies published in leading interna-
tional journals cannot be reproduced—and rep-
licability is one of the key criteria for determin-
ing the reliability of scientific research. Do we 
really want to open science fully and reveal to 
the public that around 70 percent of published 
research findings have never been replicated?

Those unversed in the scientific process 
might respond, “Wait a minute—people devel-
oping medicines have based their work on ex-
periments that cannot be reproduced? That’s 
not science, that’s black magic!” And from 
there, the conclusions often follow swiftly: “It’s 
all a scam. Scientists are just chasing funding. 
Let them stay in their labs if they like, but their 
work is irrelevant to the rest of us.”

That is how you end up with sweeping con-
spiracy theories: “This is just a closed circle of 
people publishing incomprehensible studies. 
Have you ever flipped through a mathematics 
journal? You can’t make sense of a single sen-
tence, let alone an entire page. Hundreds of 
thousands of people earn a living writing things 
no one understands, and we have no idea how 
or where that knowledge will ever be applied.”

So, if we open science in that way, we risk 
not only inviting questions but also conspiracy 
theories that challenge the very legitimacy of 
science itself.

It is not inconceivable that, in some future 
dystopia, science as a way of making sense of 
the world might fade away entirely. In 50, 100, 
or 300 years, we might instead turn to a form 
of radical spiritualism—more socially palatable 
and more effective at fostering solidarity, 

of a loved one. We ask, “How is it possible that 
they were so ill and then recovered almost over-
night?” In our daily lives, we see that science, 
medicine, and technology work. They produce 
real results. The information that fails to deliver 
on its promises must either be revised or dis-
carded.

One of the main topics of the OpenSciComm 
conference—and of your speech—was open 
science. What does “opening science” mean 
to you, and why did you compare it to open-
ing a Pandora’s box?

coexistence, shared resources, love, under-
standing, and the end of conflict. After all, if 
you look at the historical period during which 
science flourished, you will also see it brought a 
rise in alienation, more frequent wars, and the 
increasing commercialization of life.

So now the question arises: as a science com-
municator, am I perhaps siding with something 
that has partially contributed to the shaping of 
this world, and brought it to the brink of catas-
trophe, including the climate crisis, which is in 
part the result of our understanding of combus-
tion engines and other technological innova-
tions?

How, then, is it possible that I still want to 
promote a type of knowledge that may, ulti-
mately, lead to negative outcomes? That is a 
Pandora's question. That is what I meant by a 
Pandora’s box. But it is more than that—it is 
also a profoundly political and ideological issue.

Are we, by asking this, opening the door to a 
radical critique of science? And what would 
such a critique bring us—especially when many 
of the things science has produced are genuine-
ly beneficial? That is precisely why I have em-
phasized the need to communicate the com-
plexity of this question, and of science as a phe-
nomenon.

Science has both created and destroyed—
and it will continue to do so, on an even larger 
scale. As drones evolve and warfare becomes in-
creasingly digitized, the number of casualties is 
expected to rise sharply. At the same time, ad-
vancements in medicine and improvements in 
daily life are likely to reduce overall mortality.

These are questions that experts need to sit 
down and discuss. We must think carefully 
about what the right approach to science com-
munication should be—neither purely declara-
tive, nor merely ceremonial. It is like walking 
into a place where background music is playing, 
and saying, “Could you please put on some real 
music?”

Well, I think the time has come to say the 
same about science communication: we no lon-
ger want to keep demonstrating how Foucault’s 
pendulum works and entertaining ourselves 
with Earth’s rotation—something we more or 
less all accept as true, although the experiment 
is indeed fascinating to watch. No, it’s time to 
move on to something more substantial. The 
question is, are we ready to level up? 

More about the author on page 21

“If we allow this kind of hyper-democracy, 
this radical freedom to choose one’s own 
version of knowledge—what role remains 
for science communication?”
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Climate 
and Social 
Justice

Climate action is not only about cutting 
emissions or investing in green 
technologies—it also entails recognizing 
and supporting those most affected by 
climate change and addressing the 
specific needs of different social groups

view climate change through the lens of human 
rights and place equality at the centre of all cli-
mate action and decision-making.

The term climate justice is not explicitly used 
in national legislation in Serbia. Meanwhile, it 
is recognised as a guiding principle in interna-
tional law. The Paris Agreement, for example, 
refers to it in the preamble and recognises “the 
importance for some of the concept of climate 
justice, when taking action to address climate 
change.” This recognition emphasises the grow-
ing awareness that climate action must also re-
flect the principles of fairness, inclusion, and 
human rights.

In theory, climate justice rests on several in-
terlinked elements, all of which must be upheld 
to achieve a fair response to the climate crisis. 
One of the key pillars of climate justice is dis-
tributive justice. Distributive climate justice ad-
dresses how climate-related risks and benefits 
are shared among the various groups within so-
ciety. Are the consequences of flooding, 
drought, and pollution borne equally by all? 
Does everyone have equal access to clean water, 
air, renewable energy, or resources to adapt to 
climate change? If the answer is no, as it almost 
always is, then we are witnessing the reality of 
an unjust society. Distributive justice requires 
that inequalities be acknowledged and ad-
dressed, that the burdens of the climate crisis 
be distributed fairly, and that everyone benefits 
from the green transition.

The second element is procedural. Proce-
dural climate justice highlights that climate-re-
lated decisions should be made through fair and 
inclusive processes. This means that everyone, 
especially those most affected by climate 
change, should have a meaningful voice in shap-
ing the laws, policies, and actions that impact 
their lives. A fundamental mechanism for 
achieving procedural climate justice is public 
participation—that is, ensuring that citizens 
and civil society are involved in drafting laws, 
policies, strategies, and administrative legal 
acts, and given access to climate-related infor-
mation and the opportunity to protect their 
rights before a court. In these processes, all so-
cial groups must be treated fairly, and their 
voices must be substantially incorporated at ev-
ery stage of decision-making and as broadly as 
possible.

At the heart of procedural justice lies the 
public’s meaningful participation in decisions 

By
Ivana Stjelja

CLIMATE CHANGE AFFECTS every living being 
on Earth, albeit unevenly. The biggest polluters 
are usually not those who face the most severe 
consequences. The most vulnerable communi-
ties—such as children, the elderly, people with 
disabilities, women, rural residents, and other 
disadvantaged social groups—are often the first 
to feel the impact of drought, flooding, and bio-
diversity loss. Hence, those who have contribut-
ed the least are now taking the hardest hit from 
the climate crisis.

For this reason, the fight against climate 
change is no longer just an environmental issue, 
but also one of human rights and social justice. 
Climate justice is a concept that calls for a fair 
distribution of climate-related risks between 
those who have a lot and those who do not have 
enough. The most vulnerable, who have the 
fewest resources for adaptation, are most at risk 
and bear the heaviest burden. This is the core of 
climate injustice. It is therefore important to Ill
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way that ensures no one is left behind. There-
fore, we must make sure that climate policy is 
inclusive, socially responsible, and grounded in 
a meaningful dialogue with all affected groups. 
To avert the further deepening of existing in-
equalities, governments must adopt just transi-
tion strategies that promote economic diversifi-
cation while protecting the most vulnerable 
communities. In Serbia, for example, and across 
much of Europe, the Roma community contin-
ues to face deplorable living conditions, a high 
risk of poverty, and significant barriers to ac-
cessing fundamental rights, services, and ener-
gy. The recent data from the EU Fundamental 
Rights Agency (2021) show that 23 percent of 
Roma in the EU live disproportionately more of-
ten in areas with environmental issues such as 
pollution, grime, smoke, dust, odors, or polluted 
water compared to the general population (14 
percent). There is growing evidence that the 
most vulnerable populations are at a higher risk 
of being affected by environmental disasters 
and degradation, as well as experiencing un-
equal access to ecological resources. Put simply, 
environmental risks are likely to make the ex-
isting inequalities even worse. This means that 
failure to address these specific circumstances 
may result in the Roma population not benefit-
ing from the green transition and being left be-
hind.

Climate education is one of the aspects of 
climate justice that emphasises how important 
it is to raise awareness about climate change 
and engage communities in climate action. 
It underlines the need for education, informa-
tion exchange, and participatory initiatives. 

that influence their lives and livelihoods. Yet, it 
goes even further as it is also about access to in-
formation of public importance, transparent 
and accountable institutions, and effective legal 
protection when people’s rights are in jeopardy. 
Therefore, there can be no climate justice with-
out the rule of law, a functioning democracy, 
and an independent judiciary.

Consequently, fair and inclusive decision-
making is a prerequisite for achieving climate 
justice. Although essential, a fair process alone 
is simply not enough. Hence, the decision-mak-
ing process must recognize and respect the di-
verse needs, experiences, and circumstances of 
all social groups. So, the third key element is so-
cial recognition. This is not only about includ-
ing diverse social groups in decision-making, 
but also about honoring their unique needs, in-
terests, and cultural identities. In this sense, cli-
mate justice, in the form of social recognition, 
shapes public participation by ensuring that cli-
mate-related decision-making is not only open 
but also sensitive to the realities of different 
communities. Recognizing who is at the table 
and what they bring to it is just as important as 
giving them a seat.

Intergenerational justice, another element 
of climate justice, refers to the responsibility of 
present generations to act in ways that do not 
place an unfair burden on future generations. 
For climate action to be just, it must rely on de-
cisions that are wise today and fair tomorrow. 

A just transition, yet another vital pillar of 
climate justice, means making the shift to a car-
bon-free future fair for everyone. The goal is 
not just to slash emissions, but to do so in such a 
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-based collective. The workshops taught young 
people about climate change while also encour-
aging them to respond to local issues with imag-
ination, practical tools, and collective reflection. 
Rather than framing climate change as a distant 
threat, the teenagers examined how rising ur-
ban heat is already affecting their lives and 
neighbourhoods, especially in poorer areas 
where green spaces are scarce and concrete pre-
vails. Under the guidance of designers, scien-
tists, and facilitators, the young participants 
identified extreme heat as a pressing issue, and 
developed prototypes for real-world solutions: 
shaded benches, solar lighting, and mobile cool-
ing stations. The creation of Karavan’ke required 
not only technical skills, such as welding and 3D 
printing, but also vibrant dialogue and close 
collaboration. In a neighbourhood often exclud-
ed from policy conversations, these young mak-
ers have built not just a shelter from the heat, 
but a space where community, creativity, and 
climate action come together.

Climate action is not only about cutting 
emissions or investing in green technologies—
it also entails recognizing and supporting those 
most affected by climate change and addressing 
the specific needs of different social groups. So-
cial justice, therefore, is a vital pillar of climate 
justice.

To truly achieve climate justice, climate ac-
tion must ensure the fair distribution of climate 
risks, meaningful public participation, and rec-
ognition of diverse social needs in decision-
making. It also calls for a just transition from a 
fossil fuel–based economy to a low-carbon fu-
ture, actions that do not place undue burdens 
on future generations, and climate education 
that is accessible to all. However, all these ele-
ments of climate justice cannot be fully realized 
without a genuine commitment to building a 
society that upholds the principles of the rule of 
law, democracy, and human rights. Social jus-
tice and democratic governance are, therefore, 
essential prerequisites for a successful fight 
against climate change. 

Ivana Stjelja is a research associate at the Institute 
of Social Sciences, Center for Legal Research. She 
earned her PhD with a dissertation on public par-
ticipation in achieving environmental justice in 
Serbia.

In Serbia, youth climate education is slowly de-
veloping, but it mostly takes place in schools 
and focuses on technical topics such as green-
house gases, renewable energy, and environ-
mental protection. Though essential, the social 
and justice dimensions of climate change are 
rarely addressed.

But what if climate education went beyond 
the classroom and created a space where young 
people could envision and develop real-world 
solutions? One such example comes from Ser-
bia, where the LEVERS community is using sci-
ence education to raise awareness of the impor-
tance of urban pollinators for food production, 
through both theory and hands-on learning. 
The LEVERS project, funded by the European 
Union’s Horizon Europe programme and run-
ning through 2026, focuses on developing edu-
cational models that foster climate action. Cli-
mate justice lies at the heart of LEVERS, with an 
emphasis on inclusion across communities and 
social groups, engagement with complex socio-
scientific issues, and civic participation in sci-
ence education. Through an education model 
anchored in learning ventures, the project pro-
vides a unique framework for collaborative 
learning, one shaped by partnerships and 
shared exploration. In Serbia, this approach in-
volves developing community-based learning 
programs that lead to policy recommendations 
and actionable changes—such as reevaluating 
mosquito-spraying and grass-cutting practic-
es—in an effort to protect pollinator-friendly 
urban environments. Social justice issues relat-
ed to pollination, such as biodiversity loss or 
food insecurity, are addressed through activities 
and resources that help learners understand the 
deep interconnections between pollinators, the 
environment, and climate justice.

Another initiative within the LEVERS proj-
ect took place in Brussels, where a group of 
teenagers from the Molenbeek neighbourhood 
—often described as diverse, disadvantaged, 
and low-income—showed what this approach 
could look like. In a creative, participatory pro-
cess, they co-designed Karavan’ke, a colourful, 
mobile structure that provides shade and relief 
during heat waves. It also came to represent 
youth empowerment and creativity. Their jour-
ney was part of the EU Horizon LEVERS project 
(Learning Ventures for Climate Justice), which ex-
plores how local learning ecosystems can serve 
as a tool for community climate engagement, 
learning, and action. This particular learning 
initiative was organized by Stickydot, a Brussels 



ELEMENTS40

Smoke billows from the chimneys.
That is the womb of the Earth burning.
We have set fire to the planet that gave us life—
just to keep ourselves warm.

Dušan Radović, Good Morning, Belgrade
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Unprecedented 
Transformation: 
Climate Change and Health

By
Srđa Janković

IN RECENT YEARS, we have witnessed global 
climate change—after decades of unequivocal 
indicators derived from scientific analyses, bil-
lions upon billions of data points collected and 
processed, and climatologists’ persistent warn-
ings and calls for action—finally become visible 
even to the naked eye. We are living at a turning 
point, as the world is rapidly changing at a pace 
unmatched in human memory. If, up to now, we 
have been lulled into the comfortable notion 
that a technology-driven civilization has helped 
us rise above our natural surroundings, reality 
is now forcing us to accept a harsh truth: any 
deeper disturbance to the biosphere’s delicate 
balance affects all its parts, including us. Of 
course, anthropogenic climate change is only 
one facet of humankind’s transforming impact 

on Earth and its natural environment, which 
led to the current epoch being named the An-
thropocene—a term that, nowadays, is more or 
less on everyone’s lips.

Although on a very long geological times-
cale, climate change is linked to natural pro-
cesses that feature significantly in the multi-
billion-year story of life on our planet, this is, 
for all that we know, the first time such changes 
have been so drastically driven by the actions of 
sentient beings. When one considers the pace at 
which anthropogenic climate change is occur-
ring—unprecedented over the past tens of mil-
lions of years—it becomes clear that, within the 
framework of so-called deep history, the pres-
ent moment can only be compared to the Big 
Five mass extinction events. Put simply, what 
we humans are doing to the planet today evokes 
cataclysms such as the asteroid impact that cre-
ated the Chicxulub crater, triggered a global en-
vironmental collapse, and brought an end to the 
age of dinosaurs.
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According to some estimates from the rele-
vant UN agencies, approximately 3.6 billion 
people are exposed to the diverse impacts of cli-
mate change, with indirect and direct health 
risks among the critical concerns. The latest 
projections from the Intergovernmental Panel 
on Climate Change (IPCC) indicate the most 
likely pace and intensity would, unfortunately, 
be closer to the high end of preliminary warm-
ing scenarios. The most recent reports give us 
less and less hope that, even with comprehen-
sive measures in place, we would manage to 
curb global warming to below 2°C above pre-in-
dustrial levels, as certain calculations suggest 
this increase could be much higher. These data 
have qualitative—and quite ominous—implica-
tions, as some models demonstrate that in the 
event of a global temperature rise of more than 
1.5°C, we may expect a further deterioration in 
adverse processes discussed in this article.

The possible effects of climate change on hu-
man health are as diverse as the change itself, so 
analyzing them thoroughly would be a complex 
undertaking. Yet, their common denominator is 
undoubtedly a severe disruption (or even col-
lapse) of the dynamic balance within a complex 
system such as the Earth’s biosphere. In addi-
tion to the direct effect of high temperatures on 
human organisms (as heat waves have become 
more frequent and severe in recent years, and 
unfortunately led to more fatalities), first we 
need to mention an elevated risk of both com-
municable and non-communicable diseases, in-
terruptions to global food supply chains and 
overall instability in that regard, difficulties in 
access to safe drinking water at multiple loca-
tions across the globe, and inevitable social and 
economic impacts of drastic changes in the liv-
ing conditions, including mass migrations and 
conflicts, alongside a critical overload, even a 
potential collapse of the infrastructure safe-
guarding human health and well-being. And on 
top of all this, we have the psychological im-
pacts—multiple and large-scale harmful effects 
that climate change and the processes it sets in 
motion have on mental health, which can even-
tually plunge us into despair and confusion. 
With this in mind, it is hard to discuss the im-
pacts of climate change without acknowledging 
its close interplay with various forms of social 
injustice and inequality. Hence, for the sake of 
brevity, this article will focus solely on the 
purely medical aspects of the issue.

*  *  *
A loss in biodiversity occurring alongside cli-
mate change implies the irreversible extinction 
of unique species, and even entire ecosystems, 
which contributes to the rise of new threats to 
human health. It is important to note that the 
influence of contributing factors is never isolat-
ed, but rather intertwined. For example, the 
spread of infectious diseases to environments 
where they have never occurred, or at least not 
for a very long time, is influenced by the biolog-
ical characteristics of an infectious agent and its 
life cycle, interactions with domestic or wild 
animals that make up a reservoir of infection, 
and the latter’s migrations, which again can be 
triggered or enhanced by climate change. A 
classic example is the role of migratory birds 
and the dominant routes of their seasonal 
movements in the spread of West Nile virus to 
the wetland areas of Europe. With that, the de-
struction of forests and rainforests leads to 
more intensive contact between wildlife and 
people, stimulating the transfer of pathogens, 
the subsequent spread of existing zoonoses 
(diseases transmitted from animals to humans), 
and the emergence of new ones. The direct link 
between deforestation and infectious diseases 
has already been documented in the case of Eb-
ola, malaria, and West Nile virus, but this seems 
to be only the tip of an iceberg. Moreover, a de-
clining population of animals that serve as a 
natural reservoir for certain infections or are 
natural hosts to infectious agents results in 
heightened environmental pressure to find a 
new host—and, as things stand, humans are of-
ten one of the readily available options, given 
their number and omnipresence.

Among the infectious diseases transmitted 
by insects or other arthropods (so-called vector-
borne diseases), malaria and dengue are often 
mentioned as the primary threats, but also Chi-
kungunya virus and Zika virus, as well as Japa-
nese encephalitis virus, which are transmitted 
by mosquitoes. Due to climate change, the vec-
tors of these and many other diseases are 
spreading to new territories, and the most well-
known example is the invasion of Europe by the 
tiger mosquito (Aedes albopictus and, to a lesser 
extent, Aedes aegypti) in the past one or two de-
cades. The first of these two species has so far 
gained a foothold in thirteen European coun-
tries, significantly changing the Old Continent’s 
epidemiological landscape. An elevated aerial 
distribution of disease vectors has been primar-
ily driven by more frequent heat waves, heavy 

rainfall, and prolonged droughts (which are 
only different manifestations of the same pro-
cess—dysfunction in the natural regulation of 
hydrological cycles). Hence, it is not surprising 
that diseases that used to occur only in tropical 
and subtropical regions are now knocking at the 
doors of temperate zones. Besides vector in-
sects, high temperatures can also boost the re-
production of pathogens in them, which is par-
ticularly relevant considering that mean tem-
peratures recorded in Europe during the sum-
mer of 2024 were 1.54°C above the 1991-2020 
seasonal average.

At least in Europe, vector-borne diseases are 
under close surveillance, with research teams 
employing a multi-disciplinary approach to 
their detection, analysis, control, and preven-
tion. It cannot be overstated how important it is 
to have a well-established institutional frame-
work for the effective detection of potential 
causal agents, which again requires broad inter-
national cooperation and sufficient investment 
in the prevention and public awareness efforts. 
It is also important to note that the effect of a 
temperature rise is not linear—for any given 
difference in the average temperature, we may 
expect a much higher increase in parameters 
that signal the looming epidemiological threats. 
For example, at higher temperatures, as we 
have mentioned, there is an accelerated growth 
and reproduction of pathogenic organisms 
within the carrier, as well as its capacity to 
spread the disease, which has been exceptional-
ly well-documented in the case of dengue virus. 
Changing seasonal temperature patterns can 
also contribute to the spread of vector-borne 
diseases to new areas, and that is another criti-
cal characteristic of climate change that leads to 
infections occurring at higher altitudes (as well 
as in new latitudes). Yet, Chikungunya virus, 

which causes a disease that is not life-threaten-
ing but often becomes chronic and aggravated 
by severe arthritis, thrives under changing pre-
cipitation patterns: an average annual rainfall 
of 500mm provides optimal conditions for the 
spread of this highly debilitating disease.

While dengue, Chikungunya and Zika virus-
es have already established in certain parts of 
Europe (France, Italy, Cyprus and Madeira), and 
West Nile virus is no longer considered a tropi-
cal disease, as it has become autochthonous, 
other viruses not yet present on our continent 
(aside from imported cases) may soon emerge, 
as their carriers are around. This group in-
cludes O’nyong-nyong virus and Rift Valley fe-
ver, as well as Yellow fever—a deadly disease 
that epidemiology and social medicine text-
books classify among the four major quarantine 
diseases, alongside plague, cholera, and small-
pox (which have, fortunately, been eradicated 
from our planet, mainly due to successful vacci-
nation campaigns and practical public health 
awareness efforts in the late 20th century). It is 
worth noting that we also have an effective vac-
cine against Yellow fever. For the time being, it 
is only given to travelers to endemic regions, 
but with the current pace of climate change, it 
may not sound far-fetched to imagine that one 
day it could also come in handy to those staying 
at home.

Understandably, the pandemic of the coro-
navirus (severe acute respiratory syndrome 
coronavirus 2- SARS-CoV-2) is still—although 
we do not know for how much longer—a com-
pelling testimony to the destructive potential 
unleashed during the evolution of newly-
emerged pathogenic viruses, when they transi-
tion to humans from animal hosts that have car-
ried them for millions of years. Hundreds of 
thousands of viruses harbored by other species 

It is essential to highlight that virtually all experts, regardless of 
their professional background or discipline, agree on one thing: 
well-formulated, coordinated efforts to address or overcome the 
causes of climate change can undoubtedly limit their harmful 
effects on human health and help steer us away from particularly 
catastrophic future scenarios
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have a considerable capacity to adapt to human 
hosts, which is one of the main reasons why we 
must remain forever vigilant concerning the 
prospects for novel disease outbreaks, symboli-
cally dubbed Disease X by the World Health Or-
ganization (WHO). It should be made clear 
straight away that such pandemic threats do not 
stem solely from the consumption of meat from 
wild animals caught in the natural hotbeds of 
potential zoonoses (which most likely played a 
key role in the emergence of the last pandemic). 
There is quite a wide array of possibilities for 
the outbreak of new infections, and the dynam-
ics of similar events are incredibly diverse and 
subject to all the above factors that can under-
mine the balance in the environment.

Along with viruses, insects also carry dis-
eases caused by protozoa and other eukaryotic 
parasites. A quintessential example of this is 
malaria, which even nowadays claims around 
600,00 lives per year, a fifth of them being chil-
dren under the age of five. That malaria has 
been eliminated from many developed regions 
in the temperate zone has been considered one 
of mankind’s remarkable achievements, and 
rightly so. Meanwhile, it is somewhat ironic 
that the same civilization, through modifica-
tions in living conditions and patterns, is set-
ting the stage for malaria to return to many re-
gions where it was once eradicated. Here, we 
need to mention that the optimal temperature 
for the prosperity of the malaria-causing Plas-
modium is around 25°C, which means that, with 
the advancement of climate change, the high in-
cidence of malaria in the hottest regions may 
ease a bit and that would be a touch of poetic 
justice in the sea of global injustice. Still, this 
does not change the fact that the overall risk of 
malaria is growing, and that in recent years, af-
ter a prolonged lull, the disease is again on the 
rise around the world.

Climate change is also undermining global 
food security. In many regions, food production 
may dwindle, leading to widespread malnutri-
tion that can make people even more vulnerable 
to various risk factors. With that, it is becoming 
increasingly challenging to meet the food de-
mands of a growing global population, which 
calls for a more extensive and intensive use of 
arable land. This, in turn, leads to further en-
croachment on natural ecosystems, exacerbat-
ing the vicious cycle and creating favorable con-
ditions for the outbreak of infectious diseases. 
What makes the situation even more complex is 
a notable increase in the global movement of 

people, for various reasons (business network-
ing, economic migration, tourism, wars). For a 
moment, we must also mention non-communi-
cable diseases: a growing body of research indi-
cates that climate change contributes to an in-
crease in the incidence rates of, for example, al-
lergic and autoimmune diseases. Many contrib-
uting factors in the complex, long-term process 
that leads to a loss of control over immune re-
sponses, even a loss of tolerance to one’s own 
tissues and organs, have been intensified by 
heat waves, storms, wildfires, droughts, in-
creased ultraviolet radiation, food supply chain 
disruptions, and previously mentioned infec-
tions with shifting geographic ranges.

Additionally, there is a clear multifaceted 
link between climate change and the challenge 
of ensuring sufficient drinking water for the 
global population. Apart from being a serious 
issue in its own right, water scarcity impacts 
sanitary and hygiene conditions, increasing the 
risk of the epidemic spread of infectious diseas-
es—particularly those transmitted through 
contaminated water, such as cholera—especial-
ly when these outbreaks coincide with mass mi-
gration. The latter is likely, given estimates that 
within several decades, 19 percent of the world’s 
land may be situated within regions no longer 
considered habitable, while tens of millions of 
people living in coastal and island areas could 
be forced to leave their homes due to rising sea 
levels from melting polar ice caps and glaciers. 
Frequent extreme weather events—such as 
snowstorms, supercell storms, hurricanes, or 
typhoons—could further aggravate an already 
complex epidemiological situation, and the fu-
ture of climate change holds a grim promise in 
this regard. Alongside all this, shifting epidemi-
ological patterns are driving increased resistance 

to antimicrobial drugs in many causal agents, 
and here we see the effects of climate change in-
tersecting with one of the most pressing medi-
cal concerns of our time.

Of course, the essential purpose of all these 
insights is not to instill fear or despair in peo-
ple, but to enable the formulation and imple-
mentation of effective strategies to mitigate 
harmful processes and their consequences. 
Such a strategy should include core elements 
like social and economic development, sustain-
able urbanization, innovative land use strate-
gies, adaptation measures to a changed reality 
in various aspects of life, and, of course, it 
should look for ways to redirect the unsustain-
able management of planetary resources—and 
the global system that reinforces it—toward a 
path that is environmentally, economically, and 
ethically sustainable.

As with all other aspects of climate change, 
its impact on health, as we mentioned at the be-
ginning, is inextricably linked to deepening so-
cial inequalities and injustice. This is evident 
from the very fact that, according to some real-
istic estimates, the most devastating impact is 
expected in countries with modest living stan-
dards, those that have contributed the least to 
climate change. On the other hand, hardly any 
community can reasonably hope to be entirely 
spared. Disparities between nations and regions 
are also intensifying because most research on 
the consequences of climate change, and possi-
ble prevention or mitigation measures, is fo-
cused on the affluent countries of the Global 
North. For example, in a recent literature re-
view, it has been noted that only 9 percent of 
scientific studies published so far concentrated 
on Sub-Saharan Africa—the region that is, by 
all measures, among the most vulnerable. Last 
year, the United Nations recognized climate 
change as a threat multiplier. This essentially 
means that various adverse social processes can 
be significantly aggravated and accelerated 
amid climate change, including mass poverty, 
the disintegration of social structures, the loss 
of means of subsistence, and deteriorating liv-
ing conditions, alongside all social and political 
repercussions that may follow.

It is essential to highlight that virtually all 
experts, regardless of their professional back-
ground or discipline, agree on one thing: well-
formulated, coordinated efforts to address or 
overcome the causes of climate change can un-
doubtedly limit their harmful effects on human 
health and help steer us away from particularly 

catastrophic future scenarios. As for medical as-
pects, much can be achieved by reinforcing 
good practices in the early detection and control 
of epidemic or pandemic risks, implementing 
long-term strategies to combat infectious dis-
eases, and expanding healthcare capacities, 
alongside systemic changes that can make us 
more resilient to adverse effects—or antifragile, 
as Nassim Nicholas Taleb described it. Ideally, 
local and global actions in that direction should 
proceed in parallel with comprehensive inter-
national efforts to drastically reduce or elimi-
nate greenhouse gas emissions. Of course, the 
situation is far from simple. Still, for now, we 
are left with nothing but hope that growing 
public awareness of the disastrous effects of in-
action—or of insufficient or delayed action on 
climate change—will eventually be crowned by 
a much-needed global consensus on the steps 
we must take for the common good, a consensus 
that, like climate change itself, would constitute 
an unprecedented transformation. 
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munology of the University Children's Hospital in 
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of Wilms tumor(WT)-1 gene and protein expression 
in children with acute leukemia. In addition to the 
biology of childhood leukemias, publications co-au-
thored by Dr. Janković are focused on a number of 
areas: xenobiotic immunotoxicity by means of in-
flammatory reaction, dendritic cell maturation and 
acquisition of immunogenic vs. tolegogenic proper-
ties, diagnosis and treatment of primary immuno-
deficiency disorders, as well as pathogen-host inter-
actions and prevention of infectious diseases by ac-
tive immunization. He also pursues an active inter-
est in the history and philosophy of science and in-
terdisciplinary studies of life and its evolution.

In a recent literature review, it has 
been noted that only 9 percent of 
scientific studies published so far 
concentrated on Sub-Saharan 
Africa—the region that is, by all 
measures, among the most 
vulnerable
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Milutin Milanković: 
Architect of Earth’s 
Climate Rhythms

A story of numbers, orbits, and the enduring power of ideas

By
Bogdan Đorđević

MILUTIN MILANKOVIĆ was one of those rare 
scientists whose legacy continues to shape our 
understanding of the world long after his time. 
Born in the late 19th century in a village along 
the Danube and trained as a civil engineer in Vi-
enna, he went on to become a pioneer in plane-
tary climatology and a visionary in mathemati-
cal modeling. Today, his theory of long-term cli-
mate cycles—known as the Milankovitch cycles—
stands as a cornerstone of climate science.

But beyond the equations and astronomical 
calculations lies a deeper story—one of intellec-
tual audacity, scientific persistence, and a life-
long effort to understand the forces that have 
shaped Earth’s climate over geological epochs. 

Long before satellite 
data and digital models, Milanko

vić relied on mathematics, logic, and imagi-
nation. The result was a body of work so far 
ahead of his time that it remains central to how 
we study the climate today—especially in the 
context of a warming world.

WHERE CURIOSITY MEETS NUMBERS

Milanković’s intellectual journey began in 1879 
in Dalj, a small village in the Austro-Hungarian 
Empire. As he spent much of his time indoors 
due to poor health, Milanković developed a fas-
cination with numbers and the structure they 
brought to the world. By the age of five, he had 
mastered the decimal system, and this early af-
finity for mathematics set the tone for his life’s 
work.Ill
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role in glacial-interglacial changes—validating 
what Milanković had calculated decades earlier.

CLIMATES BEYOND EARTH

Even as he delved deep into Earth’s climate, 
Milanković never lost sight of the wider cos-
mos. During World War I, while interned in 
Austria-Hungary, he began calculating theoreti-
cal climates for other planets using only his 
memory, a pencil, and paper. In 1920, he pub-
lished Mathematical Theory of Heat Phenomena 
Caused by Solar Radiation, a pioneering study 
that modeled solar heating on Earth, Mars, and 
Venus.

This work stands as one of the earliest con-
tributions to planetary climatology. Though he 
lacked observational data, his methodology—

THE CANON OF INSOLATION 
AND SCIENTIFIC RECOGNITION

In the decades that followed, Milanković 
continued refining his theory of climate cy-
cles. Working alongside renowned climatolo-
gists Alfred Wegener and Wladimir Köppen, he 
focused on changes in solar radiation—insola-
tion—at latitudes particularly sensitive to or-
bital variations, such as 55°, 60°, and 65° north.

In 1941, he published his seminal work, The 
Canon of Insolation of the Earth and Its Application 
to the Problem of Ice Ages. The book offered a rig-
orous mathematical model of long-term climate 
dynamics, integrating astronomy, geophysics, 
and climatology.

Shortly after its publication, German bombs 
struck Belgrade. The printing house was dam-
aged, and much of the edition was lost. 
Milanković managed to preserve a copy, which 
eventually reached scientific circles abroad—
contributing to his growing international rec-
ognition.

Although initially met with skepticism, his 
theory gained increasing support over the fol-
lowing decades. As paleoclimatology and ice core 
analysis advanced, researchers observed a strik-
ing correlation between Earth's orbital varia-
tions and the timing of past ice ages. A pivotal 
1976 paper in the Science journal confirmed that 
these astronomical cycles played a significant 

Encouraged by his mathematics teacher, 
Vladimir Varičak, he enrolled to the Vienna 
University of Technology (TU Wien) at the age 
of seventeen. There, he pursued a degree in civ-
il engineering and became the first Serb to earn 
a doctorate in technical sciences. In the early 
stages of his career, Milanković distinguished 
himself by applying advanced mathematical 
modeling to reinforced concrete construction—
an emerging field at the time. He obtained sev-
eral patents across Europe and the United 
States, and his engineering work extended to 
bridges, aqueducts, and hydroelectric projects 
throughout Central Europe.

Yet even as he found success in engineering, 
Milanković’s thoughts increasingly turned sky-
ward. He was drawn not only to the logic of 
structures, but to the logic of the cosmos it-
self—the silent laws governing celestial motion 
and the invisible rhythms of nature.

A TURN TOWARD THE HEAVENS

In 1909, Milanković made a momentous deci-
sion: he left a well-paid engineering job in Vien-
na to become a university professor in Bel-
grade—accepting a tenfold decrease in salary. 

“I was exchanging comfort for the calling of sci-
ence,” he would later reflect. In the academic 
halls of Captain Miša’s Mansion, he began his 
transformative work at the crossroads of math-
ematics, astronomy, and geophysics.

Fascinated by the mystery of the ice ages, 
Milanković challenged prevailing theories that 
pointed to volcanism or ocean currents. He pro-
posed instead that slow, predictable changes in 
Earth’s orbit and axial tilt—governed by celes-
tial mechanics—alter the distribution of solar 
radiation on Earth’s surface over tens of thou-
sands of years.

Using only a pen, paper, and an unwavering 
belief in logic, he identified three dominant as-
tronomical parameters:

Precession (the wobble of Earth’s axis), with 
a cycle of roughly 22,000 years;

Obliquity (the tilt of Earth’s axis), fluctuat-
ing between 21.5° and 24.5° over 41,000 years;

Eccentricity (the shape of Earth’s orbit), 
which varies in a 100,000-year cycle.

Together, these orbital variations influence 
the intensity and spatial distribution of solar 
radiation—especially at higher latitudes—driv-
ing the growth or retreat of massive ice sheets. 
Milanković reasoned that by modeling these 
changes, it was possible not only to explain past 
climate shifts but to anticipate future ones. It 
was a bold hypothesis: using astronomy to deci-
pher Earth’s climatic memory.

In his later years, Milanković devoted 
himself to communicating science 
in ways that were both poetic and 
profound. His 1928 book, Through 
Distant Worlds and Times, is a lyrical 
journey through the history of 
astronomy and climate theory

Today, as we confront 
the human-driven 
climate crisis, his 
theory serves as a 
reminder that Earth’s 
climate is shaped by 
forces both cosmic and 
anthropogenic
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A LEGACY FOR A CHANGING WORLD

In his later years, Milanković devoted himself 
to communicating science in ways that were 

both poetic and profound. His 1928 book, 
Through Distant Worlds and Times, is a 

lyrical journey through the histo-
ry of astronomy and climate 

theory, told in the form of 
letters to an imagined 

young woman. The 
book remains a land-

mark of Serbian sci-
ence writing, bal-

ancing scientific 
rigor with liter-
ary charm.

He continued 
publishing until 
the end of his 
life, writing es-
says and books 
on the lives of 
Galileo, Newton, 

Archimedes, and 
other giants of 

science. These 
were not simply bi-

ographies—they were reflections on the pursuit 
of knowledge across generations.

Milutin Milanković died in 1958. Nearly two 
decades later, the scientific world fully em-
braced the scope of his contributions. Today, as 
we confront the human-driven climate crisis, 
his theory serves as a reminder that Earth’s cli-
mate is shaped by forces both cosmic and an-
thropogenic. Natural rhythms typically unfold 
over tens of thousands of years; the warming 
we are now witnessing is taking place in mere 
decades.

Understanding this duality—of celestial cy-
cles and human impact—is essential. 
Milanković showed that climate, far from being 
unknowable, is subject to the same laws and 
logic that govern the stars. His work continues 
to inspire a new generation of scientists seeking 
to understand not just what changes our world, 
but how—and why. 

Bogdan Đorđević holds a degree in Journalism and 
is currently pursuing studies in Sociology at the 
Faculty of Philosophy in Belgrade. He gained 
journalistic experience by reporting from sports 
events. He joined the Center for the Promotion of 
Science in 2019.

grounded in first principles and orbital me-
chanics—was astonishingly forward-looking. 
Decades before space probes would reach either 
Mars or Venus, Milanković envisioned their cli-
mates in mathematical form.

In 1923, he also proposed a reform of the Ju-
lian calendar at the Pan-Orthodox Congress in 
Constantinople. His new system, mathematical-
ly precise to within a few seconds per millenni-
um, would not diverge from the solar year by 
even a day until the year 2800—thus surpassing 
the Gregorian calendar in accuracy.

Long before satellite data and digital models, 
Milanković relied on mathematics, logic, and 
imagination. The result was a body of work so 
far ahead of his time that it remains central to 
how we study the climate today
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Education plays a crucial role in tackling climate 
change, empowering people to rethink habits, 
make informed decisions, and engage in 
formulating sustainable policies

Building a Sustainable 
Future through 
Climate Literacy

By
Bogdan Đorđević

UNDERSTANDING CLIMATE CHANGE is not just 
a matter of science—it is a foundation for shap-
ing the future. Climate literacy is becoming an 
essential part of 21st-century education, helping 
young people develop the knowledge, critical 
thinking, and motivation they need to respond 
to environmental challenges.

Climate literacy refers to the ability to un-
derstand the causes and consequences of cli-
mate change, critically evaluate information, 
and make informed choices that support envi-
ronmental sustainability. It is not only about 
understanding the science behind rising tem-
peratures and extreme weather, but also about 
recognizing the social, economic, and political 
dimensions of the climate crisis—and feeling 
empowered to take meaningful action.

The Center for the Promotion of Science 
(CPN) is involved in international projects such 
as IMPACT, Carbon Act, and VR4Clima, which 
aim to integrate climate literacy into classrooms 

dissemination through online courses, competi-
tions, video content, and practical guides.

Between March and September 2023, the 
CPN and its partners in Belgium, Poland, Swe-
den, Ireland, and Portugal reviewed national 
curricula and gathered input from 350 primary 
and secondary school teachers. The research re-
vealed that, although climate change remains 
underrepresented in official programs, many 
educators are already finding ways to include 
it—often relying on their own initiative and 
materials.

Interestingly, teachers with backgrounds in 
the social sciences tend to be less engaged in cli-
mate-related topics, even though the issues at 
stake are deeply social and political.

“Students are usually introduced to climate 
topics between the ages of nine and eleven. 
Many teachers prepare lessons using scientific 
papers, independent learning, or informal 
training. They are clearly motivated, but they 
often lack a clear framework and support,” says 
CPN Acting Director Danijela Vučićević. 

A key outcome of the project is an online 
course on climate change, which was piloted in 
fall 2024 for teachers in Serbia. The course of-
fers knowledge, practical tools, and guidance 
for incorporating climate topics into everyday 
teaching. New learning materials are also being 
developed for the Scientix platform, making 
them accessible to educators across Europe.

and everyday life. These initiatives are designed 
to equip teachers, students, and communities 
with tools that encourage action and reinforce a 
shared sense of responsibility toward both na-
ture and society. The following three interna-
tional projects illustrate how climate literacy is 
being strengthened across different levels of ed-
ucation—from classroom activities and teacher 
training to digital innovation and public en-
gagement.

Bringing Climate Education into Schools—
the Carbon Act Project

Education plays a crucial role in tackling cli-
mate change, empowering people to rethink 
habits, make informed decisions, and engage in 
formulating sustainable policies. As part of the 
Carbon Act project, the CPN is collaborating 
with partners across Europe to support climate 
education within formal school systems.

The project unfolds in three phases: research 
and analysis of school curricula, development 
and testing of teaching materials, and wide 

Inside the Classroom: What Students Really 
Learn—the IMP>ACT Project

Launched in early 2024, the four-year IMP>ACT 
project seeks to understand how climate change 
and sustainability are taught in schools—and 
how this knowledge shapes students’ attitudes, 
habits, and readiness to act. Rather than focus-
ing solely on academic achievement, the project 
promotes a broader definition of climate com-
petence—one that includes critical thinking, 
personal motivation, and the capacity to take 
action.

The project brings together universities and 
organizations from Belgium, the Czech Repub-
lic, the Netherlands, Italy, Germany, Sweden, 
and Serbia, combining diverse educational con-
texts and experiences to create a richer under-
standing of what works in climate education.

In Serbia, the CPN is contributing to the 
project by collecting data on current teaching 
practices, providing training for educators, and 
developing new classroom tools. Students are 
also engaged through hands-on activities and 
mini research projects, while several events are 
designed to involve the broader community in 
conversations on climate education.

One of the key interventions evaluated as 
part of IMP>ACT in Serbia was the CPN’s Eco 
STEAM Challenge, a school-based initiative de-
signed to raise awareness of climate change Ill
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through interdisciplinary, practical learning. 
This year, four elementary schools participated 
in the challenge, which involved measuring 
weather parameters throughout May and re-
cording the data in a so-called green diary. 

This data was then analyzed and compared 
with historical weather records, sparking dis-
cussions about local climate trends and their 
potential long-term impacts. The challenge cul-
minated in a creative segment: under the guid-
ance of their teachers, students developed ac-
tionable ideas to improve their school environ-
ments in sustainable, climate-resilient ways. By 
requiring a realistic budget proposal for each 
idea, the initiative encouraged both critical 
thinking and applied planning skills.

By drawing on international collaboration 
and local experience, IMP>ACT aims to develop 
flexible indicators and assessment tools that 
help schools and policymakers better evaluate 
the real impact of climate education. Ultimate-
ly, the project seeks to pave the way for more 

choices impact the environment. Currently in 
the testing phase, the game helps students link 
everyday actions to broader climate challenges 
in a fun and relatable way.

The project has already released several ed-
ucational videos tailored for younger students, 
along with illustrated maps of Europe’s micro-
climatic zones. These visuals offer clear, age-ap-
propriate explanations of climate concepts.

A VR-based training course for teachers is 
currently being developed. The course is set to 
utilize game-based learning to support fresh, 
interactive approaches in the classroom. In the 
project’s final stage, a Europe-wide competition 
will invite students to design sustainable 
schoolyards in virtual space, applying their 
knowledge while also exploring creativity and 
innovation.

Although schools are excited about the pos-
sibilities of digital learning, a major hurdle re-
mains: access to VR technology is still limited, 
especially in under-resourced areas. Overcoming 

meaningful, evidence-based improvements to 
sustainability education, both in classrooms 
and across society.

Learning through Experience 
the VR4ClimaProject

The VR4Clima project relies on virtual reality 
and digital storytelling to make climate educa-
tion more engaging and hands-on. By combin-
ing immersive technologies with innovative 
teaching strategies, the project aims to enhance 
climate awareness and spark meaningful learn-
ing experiences.

Two schools are directly involved in piloting 
the project: the 16th Experimental Primary 
School in Lamia, Greece, and the “Petro Kuzm-
jak” Primary and Secondary School with a dor-
mitory in Ruski Krstur, Serbia.

At the heart of the project lies an interactive 
VR game that demonstrates how individual 

this challenge will be essential for scaling the 
project and ensuring that immersive climate ed-
ucation reaches more students across Europe.

As climate literacy becomes increasingly 
recognized as a pillar of quality education, the 
challenge now is to translate knowledge into 
lasting impact. This calls for investment not 
only in innovative tools and teaching strategies 
but also in collaboration among schools, re-
searchers, policymakers, and communities. 
Projects such as Carbon Act, IMPACT, and VR-
4Clima demonstrate that real progress comes 
from empowering those at the heart of educa-
tion: teachers and students. With the proper 
support, they can lead the way toward a more 
resilient and sustainable future. 

More about the author on page 50
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By
Đorđe Petrović

“CLIMATE CHANGE is not just about data or 
facts, but also about our relationship to the 
world, to the future, and ourselves. Science is 
essential for understanding reality—it provides 
a precise, well-founded, and indispensable diag-
nosis. But it is not always enough to provoke an 
emotional reaction or a profound awakening. 
That’s where art comes in,” says French multi-
disciplinary artist Arnaud Laffond.

Laffond’s installation Breathing was selected 
as the winning work in the second open call of 
the Climateurope2 international project titled 
Navigating Climate: The Art of Big Data, organized 
by the Center for the Promotion of Science (CPN). 
The winner of the first art+science call—Clima-
tized art+science service—was M1L3NɅ, a work by 
Serbian artist Ana Pinter. In addition to these 
two open calls for artists, the CPN also launched, 
within the Climateurope2 project, the Traveling 
Climate Action Roadshow and the open call Cli-
mate Action through Poetry and Photography. 
All of these initiatives were conceived as ways 
to allow art to come in—to invite artistic 

feel what numbers alone cannot convey. To 
achieve this, I collect and select scientific cli-
mate data that has the potential for aesthetic 
transformation—data such as temperature, CO2 
levels, precipitation, winds, or the evolution of 
climate extremes over time,” says this multidis-
ciplinary artist.

This data comes from open-access European 
sources, primarily Copernicus, the European 
Earth Observation Program, which provides a 
large number of datasets on the past, present, 
and future state of the climate. He also notes 
that his residency work in Belgrade, carried out 
in collaboration with the CPN, gave him access 
to complementary resources: local data, scien-
tific expertise, and a valuable framework for in-
terdisciplinary exchange.

“These exchanges enriched the contextual 
dimension of the project and made it possible to 
forge links between global data and more terri-
torially grounded realities,” explains Laffond. 
From there, he develops sensory translation sys-
tems: the data is transformed into visual, sound, 
or light signals, synchronized within the instal-
lation space. This creates a synergy between art 
and science, as the two disciplines interact to 

imagination into climate discourse and foster 
dialogue between art, science, and society on 
one of the most pressing issues of our time: cli-
mate change.

“The main goal of the Climateurope2 public 
calls has been to make climate data and services 
accessible and understandable not only to ex-
perts, but to all citizens,” explains Dr. Marjana 
Brkić,  Climateurope2 Project Coordinator at the 
CPN. “Artists become important allies in this 
process, as their approach can open up space for 
new ways of thinking and perceiving the chal-
lenges that climate change brings.”

THE BREATHING OF THE EARTH

In March of this year, Laffond spent two weeks 
in Belgrade as part of a residency provided by 
the project, where he had the opportunity to 
further develop and refine his winning artwork 
through collaboration with local cultural and 
scientific figures.

“Breathing is based on a desire to translate 
climate data into artistic language so as to cre-
ate an immersive experience that allows us to 

offer a new, emotional, almost organic percep-
tion of climatic phenomena.

“The inspiration behind Breathing came from 
a profound awareness of the climate upheavals 
we are experiencing—often imperceptible in 
daily life, yet clearly present in scientific data. 
This project was born from the desire to make 
that data—often cold, abstract, or technical—
feel tangible, sensitive, almost alive,” says the 
artist, whose work centers on the creation of 
virtual environments and computer-generated 
materials, questioning the relationship between 
humans and new technologies. “The idea came 
to me while observing how our environment re-
acts, breathes, evolves in silence—and how we 
tend not to listen.”

Using concrete data from sources such as 
Copernicus, Laffond set out to create a work that 
gives rhythm, voice, and light to these changes. 
“The desire was to blend art and science in or-
der to stir emotion—an intuitive and sensory 
awareness—whether through video, light, or 
sound, all orchestrated in an immersive instal-
lation,” he explains. “Breathing is the breath that 
Earth emits—sometimes serene, sometimes 
strained—and that we must learn to feel again.”

“Art can amplify science, bring it to life, and sometimes 
even make it more audible. In a world saturated with 
information, it offers another, more sensitive way to 
awaken consciences.”

Art and Climate Change: 
Time to Act Together
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M1L3NɅ—A CLIMATE ORACLE

Two years ago, as part of the Climateurope2 
project, the CPN launched its first open call, ti-
tled Climatized art+science service. The call invit-
ed artists to explore the potential of climate data, 
research, and services in supporting resilience 
to climate change. The winner was Serbian art-
ist Ana Pinter, from the theatre group Three-
penny Theatre (Tri groša).

Her impressive project M1L3NɅ is an inter-
active installation and poetic text generator cen-
tered on climate narratives. It guides visitors 
through contemporary forms of fortune-telling, 
reflecting a deep-rooted human need for cer-
tainty and hope in times of uncertainty. The in-
stallation merges poetic language with climate 
data, offering a symbolic and emotionally reso-
nant exploration of the future.

“The work is called M1L3NɅ, a kind of hom-
age to Milutin Milanković, the renowned Serbi-
an mathematician and climatologist, whose 
twin sister bore that very name. In a way, I want-
ed to give her a voice too—one that comes from 
the notorious side of science: magic,” says the 

climate crisis,” says Dr. Marjana Brkić. “As the 
coordinator of the Climateurope2 project in 
Serbia, I believe it is essential to translate scien-
tific knowledge and climate data into a language 
that can inspire, mobilize, and engage citizens. 
It was from this need that the CPN launched the 
Traveling Climate Action Roadshow, which has al-
ready brought artworks and interactive content 
to cities and communities across Southeast Eu-
rope—and will continue to do so in the months 
ahead, reaching people in public spaces such as 
squares, parks, and streets.”

The Roadshow takes place at ten locations 
across Southeast Europe, with the first five stops 
completed in 2024: Rijeka (Croatia), Tirana (Al-
bania), Kotor (Montenegro), Sarajevo (Bosnia 
and Herzegovina), and Skopje (North Macedo-
nia). In collaboration with local partners in each 
city, the CPN organized panel discussions and 
talks on climate services, bringing together 
stakeholders and citizens interested in how cli-
mate information can support smarter deci-
sion-making and help build a stronger climate 
services community.

These events were complemented by a vari-
ety of engaging art+science activities. One of 
the highlights was the Climate Capsule, the CPN’s 
renowned immersive installation, which was 
shortlisted two years ago for the prestigious In-
ternational Award for Climate Communication 
Initiatives. The installation invited visitors to 
reflect on climate action through multimedia 
content depicting our planet and the projected 
impacts of climate change in the year 2057. Addi-
tional features included virtual and augmented 
reality technologies, offering an interactive ex-
perience of the natural world that surrounds us.

The tour was also a chance for people to ex-
perience the M1L3NɅ installation for the very 
first time. In addition to the artistic installa-
tions, the Roadshow event in Rijeka featured an 
informal poetic dialogue between poet Ljiljana 
Ilić and climatologist Dr. Vladimir Đurđević, 
who also announced the launch of the CPN’s 
open call Climate Action through Poetry and Pho-
tography. The call, which closed last year, at-
tracted over seventy photographers and poets—
both professional and amateur—from across 
the region and all age groups. The winners were 
photographer Tanja Bažalac from Belgrade and 
poet Snježana Vračar Mihelač from Pula, who 
currently lives and works in Ljubljana. 

The five Roadshow events attracted more 
than 1,000 visitors from across the fields of sci-
ence, art, the public and private sectors, NGOs, 

During his residency in Belgrade, the French 
artist placed particular emphasis on the impor-
tance of his collaboration with Serbian clima-
tologist Dr. Vladimir Đurđević in developing the 
Breathing project. “His expertise in climatology 
helped me better understand the complex dy-
namics of climate change, not only on a global 
scale, but also in its regional and human dimen-
sions,” says Laffond. “Thanks to our discus-
sions, I was able to refine the selection of cli-
mate data used in the work, moving beyond the 
obvious indicators.”

This artist says Dr. Đurđević helped him 
consider how to represent this information re-
sponsibly, without falling into either sensation-
alism or cold abstraction. “This shaped the sen-
sitive and immersive form of Breathing—the de-
cision not to illustrate catastrophe, but rather to 
show and feel a world that breathes, that chang-
es, that warns, sometimes silently,” concludes 
Laffond. “This collaboration also fueled the de-
sire to create a space where science and art do 
not merely illustrate but truly complement one 
another, each with its own way of telling the 
story of reality.”

Serbian artist, whose artwork combines partici-
patory and socially engaged formats, integrat-
ing digital technology with performative ele-
ments to create interactive, immersive experi-
ences.

The idea of a climate oracle emerged during 
a residency at the HafenCity University Ham-
burg, where, while experimenting with coding, 
climate data, and artistic disciplines, Pinter rec-
ognized both the predictive potential of new da-
ta-processing technologies and the deep trust 
people place in this possibility. As she explains, 
“Here, we are talking about the ability of tech-
nology to anticipate future climate conditions—
not just for days or weeks, as weather forecasts 
do, but over much longer timescales, extending 
several hundred years. The Climateurope2 call 
for the promotion of climate services was a per-
fect opportunity for me to try to bring this idea 
to life.”

The installation draws on climate data and 
interactive models from the Copernicus Inter-
active Climate Atlas and the NASA Vital Signs 
database. Based on a visitor’s birth date and life-
style choices, M1L3NɅ looks into the past to re-
veal the climate conditions of that specific year, 
then projects possible future scenarios—up to 
the year 2080—to anticipate how the climate is 
expected to change.

The artwork takes the form of a phone booth, 
deliberately referencing the automation of ser-
vice industries and our growing tendency to 
form personal relationships with machines. 
Coming primarily from the field of performing 
arts, Pinter notes that the performative poten-
tial of the installation was particularly impor-
tant to her.

“In a way, M1L3NɅ is a new media puppet. 
Puppetry is one of the oldest performing arts, 
and only recently has it become primarily asso-
ciated with children. In many cultures, it re-
mains part of ritual practice—a means of trans-
mitting collective knowledge and heritage,” says 
Pinter. “Its connection to natural cycles is strik-
ing, and it is laden with material on how com-
munities have related to extreme weather con-
ditions.” 

THE ROADSHOW GOES ON

“As an institution positioned at the intersection 
of science and society, the CPN recognizes that 
collaboration between science and art is not a 
luxury, but a necessity for communicating the Ph

ot
og

ra
ph

 b
y 

M
ar

ko
 R

is
ov

ić

Arnaud Laffond



60 61ELEMENTS

A R T + S C I E N C E

What, then, is the role of art? What can art 
do for science? “I am not saying that art is the 
best way to overcome this challenge, but I do 
believe in its potential to present science as a 
field of inquiry rather than a source of dogmat-
ic answers. Like art, science is driven by curios-
ity,” explains the Serbian artist. “Together, they 
can offer critical perspectives not only on the 
phenomena we face, but—more importantly—
on the interpretations of those phenomena pre-
sented to us via television, newspapers, the in-
ternet, and other public spaces.”

Her colleague, Arnaud Laffond, highlights 
the power of artistic expression to move beyond 
reason—reaching the senses, emotions, and 
something deeply visceral, creating an embod-
ied, affective experience of climate reality. “Art 
has this unique ability to speak directly to the 
senses, to emotions, to intuition. It can translate 
scientific complexity into lived experiences, im-
ages, sounds, and feelings,” explains the French 
artist. “With Breathing, I seek to convey the cli-
mate as a living being, breathing, suffering, and 
adapting. This feeling is often what is missing 
in public discourse: an intimate, human, almost 
physical connection with what seems distant or 
abstract.”

Laffond sees art as something open and un-
bounded—free in its form, and capable of giv-
ing science a new kind of resonance. “Art can 
also open spaces for dialogue—not by imposing 
a single truth, but by building bridges between 
disciplines, between audiences, and between 
generations. It can challenge without guilt, touch 
without explaining, and sow seeds where words 
are no longer sufficient,” concludes Laffond. “In 
this sense, art can amplify science, bring it to 
life, and sometimes even make it more audible. 
In a world saturated with information, it offers 
another, more sensitive way to awaken con-
sciences.” 

More about the author on page 21

and broader civil society. “Audience engage-
ment with the Roadshow was incredibly strong 
—people stayed, talked, commented, and shared 
personal stories about the changes they are wit-
nessing in their surroundings,” said Dr. Brkić, 
adding that the turnout exceeded expectations. 
She hopes for even greater engagement at the 
Climateurope2 Festival in Belgrade, taking place 
from September 29 to October 1, 2025, where 
visitors will have the opportunity to see all the 
selected works from the CPN open calls and the 
Roadshow tour—some of them for the very first 
time.

A NEW KIND OF RESONANCE

These initiatives—ranging from immersive in-
stallations and poetic dialogues to interactive 
street actions—demonstrate how art can trans-
late climate data into meaningful, lived experi-
ences. They also reveal a growing need for new 
forms of engagement—ones that move beyond 
sharing information to reach people on emo-
tional and symbolic levels. In this context, both 
Ana Pinter and Arnaud Laffond reflect on the 
deeper role of art in a time of climate crisis. 

“Art, among other things, engages with the 
most pressing issues of contemporary human 
experience. Climate change will significantly al-
ter the quality of human life—in fact, it already 
does. I can hardly think of a topic more impor-
tant than this one,” says Pinter. She believes 
that art should encourage and inspire its audi-
ence to reflect on their experience with the work 
in multiple ways—not only by retelling it or 
sharing memories of it, thereby reaching those 
who did not have the chance to see it firsthand, 
but also by offering critical perspectives that 
are, at their core, creative.

One of the major challenges in addressing 
climate change lies in the way it is communicat-
ed to the public. Pinter points out that once sci-
entific discourse enters the domain of mass me-
dia, it is often misrepresented or handled irre-
sponsibly. As she explains, “This, among other 
things, generates skepticism—if not permanent 
distrust—toward anything communicated from 
a scientific standpoint. This is evident in the 
mass media, among conspiracy theorists, and 
among those who profit from the misuse of sci-
ence.”

Artpiece M1L3NΛ, photograph by Marko Risović
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INTERVIEW

Dr. Dragana Bojović
Barcelona Supercomputing Center

New Policy Needed to 
Tackle Climate Change

“Even if we could miraculously halt 
greenhouse gas emissions that drive 
climate change, their impact would still 
be felt for decades, even centuries”

home research institute also collaborate on var-
ious projects with Serbian institutions, includ-
ing the Center for the Promotion of Science 
(CPN). In this interview, Dr. Bojović explains 
what her job is all about, why climate services 
are so important, how to adapt to climate 
change, and describes the concept of climate 
shelters.

You work at the Barcelona Supercomputing 
Center where, among other things, you ex-
plore strategies to mitigate climate change. 
Can you give our readers a better sense of 
what your day-to-day work looks like?

I work at the Earth Sciences Department, and 
our main research focus is on climate change 

By
Ivana Nikolić

Photographs by
Bojan Živojinović

DRAGANA BOJOVIĆ GRADUATED in ecology and 
environmental protection from the University 
of Belgrade. As she likes to say, ecology is the 
field that has shaped her scientific approach. 
After graduation, she began working on issues 
associated with environmental changes, apply-
ing the methods commonly used in the social 
sciences. She completed her master’s at the Uni-
versity of Oxford, and then doctoral studies at 
the Ca’ Foscari University of Venice, and has 
been working at the Barcelona Supercomputing 
Center (BSC) since 2016. Dr. Bojović and her 
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who rely on that knowledge face today. This 
helps us prepare the data in a way that can di-
rectly inform new decisions.

When people hear the word scientists, they 
usually picture men in white coats who 
spend most of their time in a lab. What does 
your job involve, and what is your team of 18 
working on?

Our job is different as we help build connections, 
both among scientists and between science and 
the broader society. The team comprises 18 re-
searchers, and the entire department has 
around 150 employees. We try to arrive at new 
findings through an integrative approach. We 
regularly hold internal team meetings, as well 
as discussions with colleagues from other parts 
of the department. We also conduct consulta-
tions with various institutions and individuals, 
as users of climate information. With them, we 
have interviews, also focus groups, we go to 
conferences, and conduct field research. As far 
as Africa is concerned, we try to understand the 
issues on the ground, how they solve them, and 
how they utilize climate information. We are in 
contact with national hydrometeorological in-
stitutes, farmers’ associations, and individual 
farmers. We organize focus groups with farm-
ers to understand the dynamics of the problems. 
During these discussions, we learn about the 
crops they grow, the challenges they encounter, 
and how their output has been affected by 
droughts or flooding; and socio-economic or en-
vironmental issues often arise, and usually stir 
a heated discussion. In Malawi and Tanzania, 
for example, we asked whether more men or 
women worked in the fields. Initially, the re-
sponse was that the numbers were roughly 
equal, but then we heard murmurs of disagree-
ment, and it turned out the situation was differ-
ent. “No, actually, women do all the work, and 
men help with the hard digging at the begin-
ning, and then go to sell the produce so they 
control the money.” Sometimes, we even have a 
good laugh, and then engage in a deeper, more 
wide-ranging discussion. Through interviews 
and focus groups, we learn things that cannot 
be found in the literature, and this is my favor-
ite part of the job.

What do you do with the information that 
you gather from such diverse groups, wheth-

You mentioned climate services as the focus 
of the Climateurope2 project, in which the 
Center for the Promotion of Science also 
participates and the Barcelona Supercom-
puting Center acts as the coordinator. What 
can you tell us about the project and its ob-
jectives? Climateurope2 is set to run through 
2026 or 2027.

The project launched in late September 2022 , 
aiming to connect various actors engaged in the 
entire cycle of climate services, from producers 
or climatologists themselves, through interme-
diaries who help refine the information, and 
end-users. The aim is to create a network and 
thus help spread and enhance climate knowl-
edge and boost cooperation between those par-
ticipating in climate services. This had already 
started with a previous project dubbed Clima-
teurope1. The second important part of the proj-
ect is the standardization of climate services. 
The concept of climate services initially 
stemmed from climate sciences, and social sci-
ences and other types of knowledge joined at a 
later stage. Yet, the concept has never really 
taken a rigid form, but rather developed and 
changed over time. Consequently, there are dif-
ferent definitions and approaches to climate 
services—on the one hand, this is good as it 
speeds up efforts dedicated to climate services, 
but on the other hand, it is somewhat limiting 
as there are no quality standards. So, I believe 
this work on the standardization of climate ser-
vices will help both those producing the climate 
information and those ultimately relying on it. 

There are many EU- or UN-funded projects, 
and scores of initiatives focused on either 
mitigating the effects of climate change or 
adapting to them. What is the key issue 
linked to climate change? What do we need 
the most—a rise in awareness at the local 
level or are these projects only capable of re-
sponding to scenarios already playing out?

A great deal of funding goes to new technolo-
gies. For example, new climate models operate 
at a high resolution and can no longer run on a 
supercomputer. This means that models required 
for a better understanding of the climate are too 
demanding for today’s supercomputers. At my 
institute, we are working on a next-generation 
computer that should become operational later 
this year. Technological development must 

and air quality. For example, my colleagues—
climatologists—develop climate models. Based 
on these models, we can predict the climate for 
the upcoming season, year, or even decades 
ahead, depending on the type of model being 
used. Previously, such issues were mainly ap-
proached from the standpoint of fundamental 
science, without much interdisciplinary collab-
oration. With time, we realized the need to ap-
proach this complex issue from different angles, 
bringing new disciplines and methods into the 
process. That is how my group came into being, 
as it deals with climate services for the environ-
ment, and my team is responsible for knowl-
edge integration. The aim is to connect clima-
tology as a science and climatologists with other 
segments of society, so that this climate knowl-
edge can be truly useful for decision-making, 
for instance, on adapting to climate change. To 
achieve this, we rely on a transdisciplinary ap-
proach—or rather, we combine different types 
of knowledge: scientific, practical, and experi-
ential.

Can you explain to us what climate services 
are?

In recent years, the part of climate science fo-
cused on climate services has seen rapid growth. 
However, climate change had long been an iso-
lated discipline, as scientists failed to make 
their findings available or understandable to 
the broader public. This led to the emergence of 
climate services, designed to transform the way 
these findings on climate change are presented 
and disseminated. We need to understand how 
climate information is used, what information 
remains unavailable to decision-makers, and 
what key challenges decision-makers or those 

er in Africa or elsewhere? And how is this 
information communicated to actual deci-
sion-makers?

Climate services are both about creating new 
climate knowledge and finding the best ways to 
share it. Let me go back to the example of deliv-
ering climate information to farmers in Eastern 
Africa. A standard weather forecast typically 
tells us how much rainfall we can expect in the 
upcoming season or whether the rainy season 
may be delayed. When we shared the forecast 
with farmers, we learned that it was vital for 
them to know whether there would be stretches 
of dry days during the rainy season, since that 
could have a significant impact on their yields. 
With this in mind, we developed a new climate 
index, called Consecutive Dry Days, and then 
considered ways to effectively share this infor-
mation. For this reason, in our conversations 
with farmers, it was essential to understand 
who was responsible for managing the house-
hold’s material resources. If we wanted to share 
the information in a WhatsApp group, used in 
some farming communities, we needed to know 
which household member had access to a mo-
bile phone and was likely to see the message, as 
well as who did most of the field work. This new 
information is put into practice through collab-
oration with the national meteorological insti-
tute. For instance, in some Eastern African 
countries, seasonal climate outlooks are printed 
as posters displayed at local markets in all agri-
culturally active villages. Still, printing posters 
is a slow and costly process. To upgrade it, we 
are developing a platform as part of the project 
Focus Africa, which will make it possible for us-
ers to access climate information and forecasts 
with a single click. To get a useful final product, 
we need to understand the entire cycle, from 
the provision of climate information to its real-
life application.

Do you pass this information on to decision-
makers in Spain, at the EU level or beyond?

Yes, the main objective is to ensure the infor-
mation reaches end-users. So, we first identify 
what kind of information users need, and in 
what format—whether it should be a report, or 
just raw data, or an operating system. Finally, 
we consider which communication channel we 
should use to deliver this information.

“No region has been spared from the 
impact of climate change, from the 
melting Arctic, where local communi-
ties are completely changing their way 
of life, widespread wildfires in Canada, 
prolonged droughts in Africa or severe 
flooding in Bangladesh”
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sustain. We must slash greenhouse gas emis-
sions to delay or curtail their inevitable fallout.

So, do we need to adapt to climate change, 
and what exactly would that mean?

The Mediterranean is a good example. Climate 
projections and predictions from various scien-
tific centers show strong alignment, all pointing 
to a substantial temperature increase in the 
Mediterranean region. We will need to adapt to 
more intense heat waves, while other parts will 
be facing droughts, something people in Barce-
lona and across Spain are already experiencing. 

Multiple studies have shown that Serbia is in 
a pretty precarious situation when it comes 
to the impact of climate change. Sometimes 
we tend to cling to the belief that we have 
got it the worst. You work on this issue, you 
travel a lot—how bad is the situation in Ser-
bia and the Balkans when compared to other 
countries you have had a chance to visit and 
witness the consequences of climate change, 
and how people are coming to grips with 
them?

that. I think a shift in awareness and lifestyles 
will bring results. Many different solutions are 
effective across multiple levels. For instance, 
there is a strong push in Barcelona to curb car 
use and expand networks of paths for cyclists 
and pedestrians. This solution aims to stream-
line movement across the city and brings many 
benefits: lower greenhouse gas emissions from 
fossil fuels and cars. Cities become more livable 
and more inclusive as public transportation is 
accessible to all residents. Cutting car traffic 
and relocating parking lots can open up space 
for green zones. In cities hard hit by heat waves, 
green areas are seen as climate shelters. In Bar-
celona, and other cities in Catalonia, there is an 
official map of climate shelters. Sometimes, 
these are public buildings, like libraries, but 
also parks, where temperatures can be notice-
ably lower.

Hopefully, by the time you visit us again, we 
will also have climate shelters in Belgrade.

Unfortunately, I think we will need climate 
shelters, so it is really important to preserve 
green areas in Belgrade.

You have described climatology as an inclu-
sive discipline. Does that apply to women, 
and how does the status of female scientists 
in Spain compare to their colleagues in Serbia?

Climatology may not be an inclusive discipline 
by default, but climate services, which are the 
focus of some climate sciences, are inclusive be-
cause of their interdisciplinary approach. For 
instance, climatology is a male-dominated field, 
but other disciplines integrated in climate ser-
vices are not. So, in my team of 18, 16 are women 
and only two are men. Diversity is essential in 
any project, not only in terms of gender, but 
also nationality and age. We can learn a lot from 
our colleagues from around the world, and ear-
ly-career researchers bring about fresh per-
spectives and new momentum. This diversity 
pushes our projects forward. 

Ivana Nikolić holds a B.A. in Journalism and 
Communication from the Faculty of Political 
Sciences in Belgrade. She has been working as a 
journalist since 2014.

continue, but also efforts to raise awareness 
about climate change and formulate a new poli-
cy. Of course, there is a global climate policy 
backed by most states, which is good, but has its 
downsides: it is difficult to formulate radical so-
lutions that all countries would sign up to. We 
need a new policy on climate change: available 
findings give us a picture of how urgent it is to 
deliver new measures that would be ambitious 
enough to bring about change. 

And how urgent is it?

Quite urgent. Even if we could miraculously 
halt greenhouse gas emissions that drive cli-
mate change, their impact would still be felt for 
decades, even centuries. Only 10 percent of the 
heat in the atmosphere is directly linked to hu-
man activity, and the oceans have already ab-
sorbed 90 percent of that excess heat. Oceans 
have sluggish cycles, so they slowly release the 
heat. Oceanic circulation is important for the 
functioning of the entire climate system. In 
fact, climate forecasts are based on studies of 
oceanic patterns, which themselves are chang-
ing due to climate change, both in terms of their 
physical properties and the marine life they 

What is characteristic of Serbia, though not 
unique to us, is the exposure to a wide range of 
extreme weather events as a consequence of cli-
mate change. We have seen heat waves, drought 
and flooding, spring frost, as well as storms that 
are not really common in our region. We need to 
adapt to a diverse array of effects, which natu-
rally stretches our overall adaptive capacity. 
Still, no region has been spared from the impact 
of climate change, from the melting Arctic, 
where local communities are completely chang-
ing their way of life, widespread wildfires in 
Canada, prolonged droughts in Africa or severe 
flooding in Bangladesh. All regions are vulner-
able. Low-lying coastal areas and small island 
countries are susceptible to rising sea levels. 
Poor countries, like Malawi, have low adaptive 
capacity due to their fragile socio-economic po-
sition, exposure to adverse weather, and a pop-
ulation that relies almost entirely on agricul-
ture, a sector susceptible to climate. The situa-
tion is so critical there that they need interna-
tional assistance to ensure the population’s sur-
vival. Wealthier countries have more resources 
to earmark for adaptation, but this does not 
mean they would be less affected by climate 
change.

From what you have just described, the fu-
ture does not look bright for any region. 
What are your predictions?

If we rely solely on climate models, predictions 
are rather depressing. I find hope in new move-
ments that seek to drive lifestyle changes: build-
ing greener cities, reducing reliance on private 
vehicles, cutting energy consumption, and, gen-
erally speaking, introducing shifts within the 
consumerist society itself. New generations are 
heading in that direction, and I am glad to see 

“Climate change had long been an iso-
lated discipline, as scientists failed to 
make their findings available or under-
standable to the broader public. This 
led to the emergence of climate ser-
vices, designed to transform the way 
these findings on climate change are 
presented and disseminated”
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THE CLIMATE CAPSULE—a mobile, interactive installation developed by the Center for the 
Promotion of Science—invites citizens to reflect on both tangible and emotional dimensions 
of climate change. By blending art, science, and storytelling, the capsule creates a space 
where personal memories, scientific facts, and imagined futures converge. As it travels across 
Southeast Europe as part of the Traveling Climate Action Roadshow within the Climateurope2 
project, the Climate Capsule sparks dialogue, raises awareness, and brings communities closer 
together on a shared journey toward resilience and sustainability. Join us on this journey!

Photograph by Vladimir Janić
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