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Future visions: mastering 
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1) Shaping tomorrow: science in an uncertain world 

Exploring the science–policy interface through foresight, 
megatrends, and post-normal science

2) The power of connection: science, stakeholders and 
strategic communication

Strategies for effective communication and engagement with 
policymakers, stakeholders, and the public

Outline
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🤔 What are the major 
challenges for science 
when informing policy in 
contexts of uncertainty, 
complexity, and rapid 
change?

@McKinsey and Company
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POLICY 
FORMULATION
defines the structure of the policy: 
goals, presence of additional 
implications, costs, stakeholders 
reactions,… 

IMPLEMENTATION
delivers the results, achieves the 
purpose(s), managing the available 
resources efficiently, and monitors and 
report on progress 

AGENDA SETTING
problem or objective identification and 
diagnosis

EVALUATION
examines and establish whether a policy 
meets its objectives, if it should be 
extended, adjusted or discontinued  

POLICY ADOPTION
process of agreement and passage of 
the selected policy by relevant 
institutions of government 

01

02

0304

05

The science-policy interface
a cyclical framework for effective governance

Foresight
Identification of emerging issues

Impact assessments

Support and advice to 
regulatory bodies

Independent verification
Methodological guidance

Evaluate efficiency and effectiveness
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Challenges at the interface and uncertainty 
Science Policy

Tensions:

A. Timelines      Cautions     Pressured
 Peer-reviewed      Political
   Takes time      Needs to act quickly

B. Values-priorities       Focus on accuracy                 balances:
  and transparency       competing interests,
       public opinion,
          economic constrains

in
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• High uncertainty, 
high complexity

• Classic prediction 
approaches limited

• Need for robust 
decisions

• We cannot predict 
the future exactly

• But we must still 
prepare for different 
possibilities

• Science can 
support policy with 
plausible futures

• Systematic 
exploration of future 
pathways

• Anticipating 
change, scanning 
signals

• Building resilience 
into policy

…finding tools to overcome the obstacles
Science in an uncertain world Why look ahead? How?
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Foresight
A systematic way 
to anticipate future 

challenges and 
opportunities

Post-normal 
science

A framework for 
decision-making 

under high 
uncertainty

Uncertain 
future

Facing the unknown
two strategic approaches for policy support

👁✨ 🧩⚡

Identification of future challenges guiding inclusive, transparent 
deliberation about how to respond
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Foresight is the 
analytical and 
participatory process of 
exploring what may 
happen in the future in 
order to prepare for it. 

It is not about predicting 
the future, but about 
minimising surprises.

What is foresight?

Guidelines for foresight-based policy analysis, 2021
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The Importance of Strategic Foresight 
in policy making 

1. Addressing Complexity and Uncertainty 

• by exploring how different factors interact over time, providing a broader view of 
possible outcomes 

2. Encourages long-term thinking in short-term political cycles 

• to consider long-term impacts and make informed decisions that will be effective in 
the future 

3. Enhancing resilience and adaptability 
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Example: Climate change

1. Multiple stakeholders
2. Interconnected issues
3. Scientific Complexity 
4. Economic 

Considerations
5. Future Projections
6. Technological 

Advancements,……  

Addressing 
Complexity and 

Uncertainty

Long-term Thinking 
in Policy

Enhancing 
resilience and 
adaptability

1. SeNng Emission 
ReducPon Targets 

2. PromoPng Sustainable 
Energy TransiPon 

3. Enhancing Carbon 
Sinks 

4. Encouraging Behavioral 
Changes 

1. Integrated Climate 
Action Plans

2. Investments in resilient 
Infrastructures 

3. Research and 
Innovation

4. Public Engagement and 
Education
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WILD CARDS AND 
BLACK SWANS
Wild cards are low-probability, high-impact 
events that can significantly alter the future. 
Black swans are unforeseen events with major 
consequences. Strategic foresight incorporates 
these into planning to build resilience

HORIZON SCANNING
examining information to identify potential 
threats, opportunities, and future 
developments. For early warning and strategic 
planning in policy 

SCENARIO PLANNING
creaBng detailed narraBves about different 
future states based on varying assumpBons. To 
help policy makers consider mulBple possible 
futures and develop robust strategies 

TREND ANALYSIS
examines patterns and trends over time to 
predict future developments. By this policy 
makers can anticipate changes and adapt their 
strategies accordingly 

Foresight
Methodologies 

and tools DELPHI METHOD
gathers insights from a panel of experts by 
questioning, aiming to a consensus on future 
developments. Useful for tapping into expert 
knowledge and identifying emerging issues

Example https://knowledge4policy.ec.europa.eu/foresight_en
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Horizon scanning
emerging issues for policy makers

Scanners in workshops
lists 20 weak signals

Scanners and people across 
institutions in workshops 
lists 3 themes with 
high potential policy significance

https://espas.eu/horizon.html#HorizonInBrief
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Wild cards
a significant alteration of the future

Low probability with hight impact
 difficult to predict

An asteroid colliding with earth

Major earthquakes, tsunami, volcanic eruptions

Pandemics (e.g. COVID19)

Technological breakthroughs (rapid development and deployment of 
CRISPR gene-editing technology,…)

Political upheavals (fall of Berlin wall, BREXIT,…)

https://w
w

w
.paconsulting.com

/insights/w
orking-w

ith-
w

ildcards-and-black-sw
ans-how

-to-plan-for-uncertain-futures#

present

fut
ure
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From megatrends to action
navigating strategic options

Resource 
pressures

Pressure on 
democracy 

and 
governance

Health 
challenges

Security 
threads

Geopolitical 
power shifts

Societal 
inequalities

Environmental
/climate 

pressures

Technological 
transformations

Shifts in 
global 

economy

Demographic 
shift

Global Trends to 2040: Choosing Europe’s Future, 2024

Strategic choices to be made

How can the EU establish 
itself as a smart
global power?

How can the EU ensure 
a green transition 
effective in a socially 
and economically
equitable way?

How can the EU 
strengthen 

opportuniPes
for all ci;zens, to 

prevent social
fragmenta;on and 

consolidate support
for the transi;ons?

But also on:
EU economic model

economic risks and frictions
EU regulatory framework
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Scenario planning
Preparing for an uncertain future

Reference foresight scenarios of the global standing of the EU in 2040, 2023

geopolitics, technology, environmental 
sustainability, economy, global social values, 
regulatory environment and demography  

Which social values dominate globally? What is 
the nature of geopolitical power? How does 
Europe work? Which technologies 
dominate?,……

expert workshops to validate the scenarios, 
check their plausibility, ensure their robustness, 
and investigate their implications

Euro is around in 20 years, no major climate disaster 
in Europe, there is no major war involving Europe, 
supply chains remain organised globally,….. 

4 foresight scenarios
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Not predictions

Not projections 
extrapolated from the 
present or the past

Do not necessarily 
describe desirable futures

Represent plausible 
futures with diverse trends, 
uncertainties, and events 
that interact in specific 
coherent and systematic 
ways

Reference foresight scenarios of the global standing of the EU in 2040, 2023

Storms
protect what you can

Endgame
après moi, le déluge  

Opposing views
a bipolar world

Struggling synergies
imperfect consensus
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We are struggling, stagnating

economic prosperity and multilateralism 

we navigate our way towards climate 
neutrality and a more enduring planet 

Oceans and food supply chains need 
attention. 

Mental health is a major concern. Anger 
in a lonely civil society has been 
amplified 

The European Union in 2040
struggling synergies and the question of leadership
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Using foresight for policy making
example: green transition, changes, economies and societes 

Informing European Commission Work Programme 2024 and Political Guidelines 
2024-2029 of Ursula von der Leyer

Proposing 10 areas of intervention 

To better envision what a climate-neutral European 
Union could look like in 2050 and how to reach for it 
 (*)

ImplemenUng the EU Green Deal: 
how to get a successful and fair 
socio-economic transformaUon?

02. Scenarios and pathways

03. Strategic Foresight 2023

04. In the policy agenda

01. Policy question

(*) https://publications.jrc.ec.europa.eu/repository/handle/JRC133716, 2023
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Post-Normal Science 
(PNS) is a framework 
developed to address 
situations where 
traditional scientific 
methods are insufficient 
due to high levels of 
uncertainty, complexity, 
and societal relevance.

What is Post-Normal Science?

Funtowicz & Ravetz, 1993 

4 conditions to be met: "facts 
are uncertain, values are in 
dispute, stakes are high, and 
decisions are urgent" 
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🤔 What are examples of 
post-normal problems?

@Bradford Veley via CartoonStock
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In response to growing recognition that many modern challenges could not 
be adequately addressed by conventional scientific approaches 

Context in which Post-Normal Science emerged 

Increasing 
complexity

Climate change, 
biodiversity loss, and 

pandemics revealed the 
limitations of reductionist, 
disciplinary science. They 
span multiple scales, with 
dynamic systems, and are 
often unpredictable due 

to feedback loops and 
nonlinear interactions

Uncertainty in 
science

Modern problems often 
involve uncertainties that 

can’t be resolved by more 
data or better models. 

Rather than attempting to 
eliminate uncertainty, PNS 

acknowledges it and 
incorporates it into 

decision-making processes  

Pluralism in 
societal 

challenges

Many contemporary 
challenges are not only 

technical but also deeply 
political, ethical, and 

social. Different 
stakeholders (e.g., 

governments, businesses, 
NGOs, local communities) 
have competing interests 

and perspectives

Urgency of 
decisions

Problems like climate 
change or pandemics 

require rapid decision-
making under high 

uncertainty. Waiting for 
perfect scientific certainty 

is impractical, and 
policymakers must act 

despite incomplete 
knowledge
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Characteristic Applied (Normal) Science Post-Normal Science

Type of problems addressed Well-defined, controlled, routine, 
“puzzle solving”

Complex, uncertain, high-stakes, 
value-laden

Values Treated as separate or external to 
science

Recognized as integral, value-laden 
science

Goal Truth, accuracy Quality, robustness, fitness-for-
purpose

Knowledge production Within disciplinary boundaries, 
expert-driven

Transdisciplinary, extended peer 
communities, co-production

Peer community Accredited experts only
Extended peer community 
(stakeholders, citizens, local 
knowledge)

Policy interface Clear boundary between science 
and policy

Blurred boundaries; science and 
policy co-evolve

Public participation Limited to communication of results Embedded in framing, knowledge 
production, and evaluation

From normal to Post-Normal
a paradigm shift in science
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Focus on quality of knowledge, not just “truth”

“Quality in policy-related research must encompass a plurality of 
perspectives and the recognition of different sorts of uncertainty. In this 
way, quality replaces truth as the focus of science deployed for the 
resolution of complex socio-environmental policy decision-making.” 
(Saltelli ……)

Obtained through the assessment of an “extended peer community”: 
those who has interest in the issue. Involvement of accredited experts 
and non-experts—such as stakeholders, affected or interested citizens, 
indigenous populations, journalists —in the scientific and decision-making 
processes 

Quality in the heart of PNS
quality of what? how to get it?
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The PBL traditionally followed a technocratic model until a 1999 
uncertainty-management scandal triggered transformation: a senior 
statistician publicly critised PBL to suggest too high an accuracy of the 
environmental results published in the State of the Environment report

The scandal urged changes in PBL working styles at the science-policy 
interface

Post-Normal Science in practise
the Netherlands Environmental Assessment Agency (PBL) case

Petersen et al, 2011 
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Interventions made:

2003: Launch of “Uncertainty Assessment & Communication” guidance—
developed with the PNS originators

Teaches scientists to explicitly identify, characterize, and report uncertainties in 
their assessments

Encourages transparent discussion of where knowledge is incomplete, what 
assumptions were made, and what confidence levels exist

2007: Introduction of “Stakeholder Participation” guidance to embed 
broader knowledge and values

Provides a framework for meaningful involvement of stakeholders (e.g., citizens, 
NGOs, local authorities) in the assessment process

Supports “extended peer communities,” in line with PNS, to improve quality, 
legitimacy, and social robustness of outcomes

Post-Normal Science in practise
the Netherlands Environmental Assessment Agency (PBL) case

Petersen et al, 2011 
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An interface with three faces 
Science Policy

Society
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🤔 Consider a real-world 
problem you are familiar 
with. What aspects of this 
problem suggest it might 
be better addressed 
through a PNS approach 
rather than traditional 
science? 

@Bradford Veley via CartoonStock
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They both accept uncertainty as unavoidable. Foresight anticipates 
multiple futures, and post-normal science accepts multiple interpretations 
of reality.

They both encourage broader participation. Foresight often includes 
stakeholders, while post-normal science explicitly involves extended peer 
communities.

They both challenge purely technocratic, expert-led decision-making 
by recognizing the role of values, politics, and legitimacy in knowledge 
production.

They both help make sense of complex, ill-defined problems where 
“normal” science alone cannot give a single definitive answer.

Recap foresight and post-normal science
what do they have in common?
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Questions?
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Let’s take a break
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1) Shaping tomorrow: science in an uncertain world 

Exploring the science–policy interface through foresight, 
megatrends, and post-normal science

2) The power of connection: science, stakeholders and 
strategic communication

Strategies for effective communication and engagement with 
policymakers, stakeholders, and the public

Outline
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🎙 Think of a time when a 
piece of scientific evidence 
didn’t lead to action—why 
not?  
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Scientific knowledge alone is not enough to drive change — it needs to be understood, 
trusted, and acted upon by society. This gap between science and action is often due 
not to lack of data 

Framing the problem

Disconnection
Scientific insights are often 
produced in isolation from 
societal values, political 
priorities, or real-world decision-
making contexts 

Complexity & 
uncertainty 

Many environmental and public 
health issues have no single 
solution and require cross-
sectoral coordination and 
value-based decisions 

Mistrust & 
miscommunication 
Misinformation, competing 
narratives, and technical 
language contribute to public 
confusion and policy inaction 
. 

Limited engagement 
Stakeholders are often only 
involved at the end of the 
scientific process, reducing 
ownership and applicability of 
results
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A stakeholder is any individual, group, or organization affected by or 
capable of influencing science-based decisions 

Who is at the table?
mapping stakehorders

NGOs and 
civil society 

Media and 
influencers 

Industry and 
businesses 

Marginalized or 
underrepresented 

communities 

Government 
bodies (local, 
national, EU) 

Academics 
and technical 

experts Types of 
stakeholders
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🎙 Who are the stakeholders 
for a scientist working on 
climate change or air 
quality?  
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Public

Policy makers

Scientific community

Media and press

Scientists and audiences
looking at the interests of some stakeholders

Climate change 
and air quality in 

newspapers

Public interest in 
air quality and 
climate change

How to effective 
engage with policy 

makers
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Challenges of communicating air quality

01
Data 

interpretation
Scientific 

terminology

04
Misinformation

Media 

sensationalism 04 – misinformation 
and misinterpretation

06
Targeting diverse 

audiences
Message 

framing
06 – effective 
communication strategies

03
Health impact 

awarnessInvisible thread03 – public perception 
and awareness

05
Political & 

economic interests
Regulatory 

complexity05 – policy and 
regulatory challenges

02
Sources and 
conditions

Temporal & 

spatial variability
02 – variability and 
sources of air pollution

01 – complexity and 
technical jargon
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Challenges of communicating climate change

01
Uncertainty & 
probabilities 

Scientific 

terminology

04
Misinformation & disinformation

Media 

sensationalism 04 – misinformation 
and misinterpretation

06
Targeting diverse 

audiences
Message 

framing
06 – effective 
communication strategies

03
Emotional 

disconnect
Confirmation 

bias
03 – public perception 

and cognitive bias

05
Economic  
concerns

Political 

polarisation05 – political and 
economic interests

02
Engagement 
with media

Consensus 

communication
02 – scientific 
community challenges 

01 – complexity of 
Climate Science 
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Strategies to address the challenges - general

Engage narratives, use 
storytelling to make data 

more relatable 

Use visual aids, infographics, 
maps, to make the message 

more digestable

Clear, non-technical language, 
maintaining the integrity of 

scientific message

Use of social media to 
dissiminate information and 

engage with the public

Participate in educational 
campaigns with schools, 

communities,…

Building trust, engaging with 
public and stakeholders 

transparently and honestly
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Effective communication and engagement
with policy makers 

Engagement and 
relationship 
building 
Regular Interaction 
Workshops and briefings

Clear and concise 
messaging 
Simplify complex info
Executive summaries 

Collaborative 
networks 
Interdisciplinary 
collaboration
Policy networks

Written 
communication 
Policy Briefs 
Letters and reports

Relevance and 
impact 
Policy Implications
Actionable 
recommendations  

Training and 
capacity building 
Communication training 
Mentorship and guidance

Visual aids and 
infographics 
Data Visualization
Clear Layouts 

Media and public 
outreach 
Opinion pieces
Social Media

Understand the 
policy context 
Know the Audience 
Policy Timing 
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Bad communication and consequences
- Email from East Anglia University were     
hacked
- Climate change skeptics argued about 

scientists transparency
- Public trust was undermined

- Scientists have unintentionally fed into the 
narrative that climate science is unreliable

- Climate change skeptics cast doubt on the 
reliability of climate models and resist policy 
changes, arguing that science is not settled 

The 2009 Climategate 
Scandal 

Failure to clearly 
communicate 
uncertainties of 
climate models

Incomplete 
communication about 
Air Pollution 

- bypassed peer review process, announced 
their findings through a press conference 
- scrutiny and skepticism, other scientists 

could not replicate the results 
- damaged the credibility of research

Cold fusion 
announcement 
in 1989

- Scientists failing to communicate the full 
range of pollution sources in urban areas
- Policies only targeting vehicle emissions 
- Leading to continued poor air quality and 

public health impacts 
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Science communication in the age of social media 
opportunities and risks 

Direct communication

Opportunities
Speed and reach

Visual storytelling

Community-building

Democratisation

Risks

Misinfirmation and
disinformation

Loss of nuance

Polarisation

Undermining expertise

“Infodemic” dynamics
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Navigating social media
a strategic guide for scientists

Be present where the public is 

Use storytelling 

Fact-check and link to sources 

Acknowledge uncertainty without sounding unsure 

Engage, don’t preach 

EXAMPLES

Share short threads with links to peer-reviewed work 

“Based on current evidence, we know…” 

Frame science in human terms—personal stories

Join threads, posts, create reels

Answer questions, encourage discussion, admit 
when more research is needed 



45
Newspaper and media
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Historical media coverage of climate change 
the early signals 

1950

1956
1922

1947

1932

1912
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World newspaper coverage of climate change
Media narratives on Climate Change
a chronology of press attention

• Boykoff and Timmons, 2007               
(only English-language)• Boykoff et al, 2020, Aoyagi et al, 2025

1990
IPCC FAR

1992 ‘Earth 
Summit’ and 
UNFCCC

1997
Kyoto 
protocol

1995
IPCC SAR

2003 Heat 
wave in 
Europe

2001
IPCC TAR

2006
Stern Review

2015
COP21 Paris

2014
IPCC AR5

2007
IPCC AR4
Al Gore ‘An 
inconvenient truth’
COP13 Bali

2009
COP15 Copenhagen

2019
Global youth-led movements
for Climate

2018
IPCC Special report 1.5 ◦C

2021
COP26 Glasgow

2020
Covid-19
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Why people avoid news about climate change?
a lesson also for scientists?

How we follow climate change: climate news use and attitudes in
eight countries (UK, Germany, USA, Brasil, India, Japan, Pakistan), 2022 
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Who do people trust more with climate change news?

How we follow climate change: climate news use and attitudes in
eight countries (UK, Germany, USA, Brasil, India, Japan, Pakistan), 2022 

Official 
International 
Institutions 
(e.g. UN)

News media

Scientists

People you 
know 
personally
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Air pollution in historical media
public perception and policy precursors

1919

1941
1952

1973 1947

1911
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Air pollution in newspapers
media reporting on air pollution – who are the information sources?

Ramondt and Ramirez, Environment research and public health, 2020

60

27

79

168

63

Non-expert/citizen 
sources

Business/industry 
groups

Health and 
environmental

advocacy groups

Governmental sources

Academics and 
scientist sources



52

Air qualityClimate change

Public voice
Climate change and air quality



53

Climate Change
EU citizens’ perception

How serious is the problem of climate change for you?   Who should act?

https://europa.eu/eurobarometer/surveys/detail/3472, 2025
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Information gaps remain: 

While 84% agree that climate change is caused by human activity…..

Climate Change
EU citizens’ perception

https://europa.eu/eurobarometer/surveys/detail/3472, 2025
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Air Quality
EU citizens’ perception

With regards to the past ten years, Europeans think that air quality... 

How air quality problems should be addressed?

https://europa.eu/eurobarometer/surveys/detail/2660, 2022
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Questions?
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🎙 What’s one thing you’d 
change about how scientists 
communicate?
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Reflect on your potential role as 
a scientist or policymaker.

🔬 How can you contribute to 
bridging the gap between 
scientific evidence and policy 
implementation in the context 
of air quality and climate 
change?
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THANKS!
Icons from https://icons8.com; https://www.flaticon.com; Vectorstock; Depositphoto, Stock Photo. Parts of the graphics By 
PresentationGO.com. 
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