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 Introduction 

This module introduces teachers to climate change scenarios as key tools for 

understanding how different patterns of human activity may influence the future of the 

Earth’s climate system. It is a common misconception that climate scenarios are tools 

for predicting the outcome of the future; in reality, scenarios explore a range of 

plausible futures based on varying assumptions regarding emissions, technological 

development, demographic trends, and policy decisions. By framing the future as a set 

of conditional pathways, scenarios support informed reflection on both risks and 

opportunities associated with climate change. 

The development of climate scenarios has evolved alongside advances in climate 

science and modelling, particularly since the late twentieth century. Increasing 

computational capacity and the availability of global datasets have enabled scientists 

to simulate complex interactions between the atmosphere, oceans, land systems, and 

human activity. This work has led to the establishment of widely used frameworks, 

including the Representative Concentration Pathways (RCPs) and the Shared 

Socioeconomic Pathways (SSPs), which are central to assessments produced by the 

Intergovernmental Panel on Climate Change (IPCC). These frameworks provide a 

structured way of linking emissions trajectories with broader social and economic 

developments, allowing for consistent comparison across different studies and policy 

contexts. 

The purpose of this module is to support teachers in developing a clear and critical 

understanding of these scenario frameworks and their underlying assumptions. In line 

with the learning objectives, the module enables educators to distinguish between 

different types of scenarios, interpret their implications, and explain their relevance to 

students across disciplines. Particular attention is given to the scientific basis of 

scenarios, including the role of greenhouse gas concentrations, radiative forcing, and 

uncertainty in climate projections. 
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At the same time, the module emphasizes that climate scenarios extend beyond 

scientific modelling. They also represent narratives about how societies might evolve, 

how resources may be used, and how decisions made today shape future outcomes. 

This dual nature—scientific and socio-economic—supports the development of 

systems thinking and encourages teachers to engage with climate change as a 

multidimensional issue involving environmental, social, and economic considerations. 

Building on this foundation, the module explores the potential consequences of 

different climate pathways. Teachers are guided through comparisons between lower-

emission trajectories associated with strong mitigation efforts and higher-emission 

pathways linked to limited action. These comparisons highlight a range of impacts, 

including changes in ecosystems, pressures on food and water systems, shifts in 

population dynamics, and economic challenges and opportunities. Through this 

analysis, teachers are supported in helping students understand how global processes 

translate into local and regional effects. 

A further objective of the module is to strengthen teachers’ capacity to work with 

uncertainty in a constructive way. Rather than presenting uncertainty as a limitation, 

the module frames it as an inherent and manageable aspect of scientific knowledge. 

Teachers are encouraged to interpret scenarios as conditional statements—linking 

specific assumptions to likely outcomes—and to support students in evaluating 

evidence critically. 

Finally, the module introduces practical approaches for using climate scenarios in the 

classroom. Within the context of the EcoMystery project, scenarios can be integrated 

into interactive learning environments such as simulations, role-playing activities, and 

escape-room challenges. These approaches enable students to engage actively with 

future-oriented thinking, explore cause-and-effect relationships, and reflect on the role 

of human decision-making in shaping climate outcomes. 

Overall, the module aims to equip teachers with both the conceptual understanding 

and pedagogical tools required to approach climate futures in a structured and 



 

 
 The EcoMystery Project | 2024-1-IT02-KA220-SCH-000248873 page 6 

Module 2 – Climate Change Scenarios 

 

 
meaningful way. By connecting scientific knowledge with critical reflection and 

classroom application, it supports educators in fostering informed, engaged, and 

forward-looking learners. 

 

Learning Objectives 

By the end of the module, teachers will be able to:  

• Understand the concept and purpose of climate scenarios. 

• Distinguish between different scenario models (e.g., RCPs, SSPs) and their 

underlying assumptions. 

• Analyse the potential long-term impacts of different pathways on ecosystems, 

societies, and economies. 

• Reflect on uncertainties and the role of human decisions in shaping future 

climate outcomes. 

• Explore innovative approaches and tools that use scenarios to anticipate 

challenges and guide responses. 

 

 

 

Warning!  (Common Misconception) 

Climate scenarios are sometimes misunderstood as forecasts of what will 

definitely happen, but this is certainly not the case. A scenario is closer to a 

structured “what if?” exercise: if emissions increase or decrease, if technology 

develops in a certain way, if societies make certain political and economic choices, 

then certain climate outcomes become more or less likely. This distinction is 

important for students, because aside from helping them understand scenarios 

better, it also helps them see, in an indirect way, that the future is not decided, that 

it is open to influence. 
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 Time required 

Estimated 3–4 hours for self-training. 

2 hours for completing the main content. 

1–2 hours for additional resources and classroom application exercises. 

 

Applicability 

This module is designed for all teachers in the program, regardless of discipline, as it 

provides the foundation for understanding climate futures and the implications for 

society and the environment. 

 

Executive Summary 

Climate change is a complex, interdisciplinary challenge which affects all aspects of 

life and therefore must be understood and taught in a cross-curricular way. This 

module is structured into three units to build teacher knowledge and confidence for 

climate education in middle schools. Each unit focuses on core theoretical content, to 

support self-study. It equips educators with a clear and critical understanding of 

climate scenarios as tools for exploring possible futures. It addresses identified 

knowledge gaps in the NDR and empowers teachers to integrate accurate, age-

appropriate, and engaging climate education into their classroom practices. 

Climate scenarios demonstrate the ways in which the future is not fixed, but shaped 

by human choices, social developments, and policy decisions. Understanding these 

fundamentals – the purpose of scenarios, the difference between RCPs and SSPs, and 

the role of uncertainty – is essential for any educator aiming to teach about climate 

change. Armed with knowledge of scenario frameworks and their scientific basis (Unit 

1), teachers can confidently guide students through comparisons between different 
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possible futures and their environmental, societal, and economic implications (Unit 2), 

while also exploring innovative tools and participatory approaches that make climate 

futures more meaningful and actionable in the classroom (Unit 3). 
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 Unit 1: Understanding Climate Scenarios 

1.1. Definition and Purpose of Scenarios 

Climate change scenarios are quantitative models (i.e., sets of equations) and 

qualitative narratives (i.e., evidence-based stories) that describe a range of plausible 

futures for the Earth’s climate system. These scenarios are based on different 

assumptions about key drivers of climate change and social development (e.g. 

greenhouse gas emissions, socio-economic development, technology, and policy 

choices), and on how these factors may evolve over time according to scientific 

evidence and theory (Moss et al., 2010). Scenarios do not forecast a single outcome, 

rather they map out different possible ways in which the climate might change, thus 

helping all figures involved in the topic of climate change (e.g., scientists, 

decision-makers, educators, the public) evaluate risks, compare strategies of 

mitigation and adaptation, and explore the consequences of collective choices of 

industry and society (van Vuuren et al., 2011). 

With the 1988 formation of the Intergovernmental Panel on Climate Change (IPCC), 

and generally with the institutionalization of global assessments, scenario-building 

became an indispensible tool for climate science (IPCC, 2021). Climate scenarios link 

early assessments of emissions and concentration trajectories to possible 

temperature responses; specifically in the context of climate change science, the term 

‘trajectory’ describes the tendency of a parameter to rise, fall, or stay the same (some 

such parameters are: greenhouse gas emissions, or greenhouse gas concentration in 

the atmosphere), while ‘possible responses’ refers to a contingent parameter and its 

possible range.  

 

 



 

 
 The EcoMystery Project | 2024-1-IT02-KA220-SCH-000248873 page 10 

Module 2 – Climate Change Scenarios 

 

 

 

A NASA table showing major greenhouse gases,  

their sources, atmospheric lifetimes, and warming potential. 

Source: NASA Science – Major Greenhouse Gas Sources,  

Lifespans, and Possible Added Heat 

https://science.nasa.gov/resource/graphic-major-greenhouse-gas-sources-lifespans-and-possible-added-heat/
https://science.nasa.gov/resource/graphic-major-greenhouse-gas-sources-lifespans-and-possible-added-heat/
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Some notes on statistics:  

• A contingent parameter is one that changes—usually in a specific and 

predictable way—whenever another parameter changes. For instance, the 

contingent parameter ‘temperature’ shifts in relation to changes in 

‘concentration of greenhouse gas emissions’. If temperature is the contingent 

parameter, you can think of ‘concentration’ as the “initial” parameter, because 

changes in ‘concentration’ result in changes in ‘temperature’. 

• Furthermore, when we refer to the possible range of a contingent parameter, we 

mean how much or how little this contingent parameter can possibly change as 

a result of changes in the initial parameter.  

Scientists have been utilising both SSPs and RCPs in order to create climate model 

simulations that offer ranges of physical outcomes (i.e., what we can predict for the 

future, based on a specific scenario) as well as uncertainties (i.e., what we cannot 

predict, and to what degree) (Moss et al., 2010; van Vuuren et al., 2011).  

It is important to note that scenarios are tools for theoretical exploration that illuminate 

plausible outcomes—but only under specified assumptions. In other words, scenarios 

are not predictions: they do not forecast a single inevitable future (IPCC, 2021). Each 

scenario relies on clear assumptions about key quantitative parameters, such as 

population, economic growth, technology, land use, and policy, so that users can see 

how changes in those assumptions affect projected outcomes such as temperature, 

sea level, and precipitation (Moss et al., 2010). By presenting ranges rather than single 

lines, scenarios communicate both likely envelopes of change and deep uncertainties; 

this makes them useful for both policy-makers and decision-makers who need to plan 

for the future under ecological threats (van Vuuren et al., 2011).  

Scenarios are also valuable in climate education because they connect theory with 

practice. By exploring how changes in emissions, policy, or land use affect future 

outcomes, teachers and students can better understand the consequences of 
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collective choices and develop a stronger sense of agency and responsibility regarding 

climate change.  

A classroom-friendly way to introduce scenarios is the “choose-your-own-adventure” 

analogy, in which policy or lifestyle choices become decision points that steer the story 

toward different climate futures (EPA, n.d.). Concrete classroom exercises include 

assigning student groups different socio-economic decision cards mapped to specific 

combinations of SSPs and RCPs combinations, and asking the students to present key 

metrics, such as sea-level change and its likely regional impact (Moss et al., 2010). 

 

 

1.2. Key Frameworks 

What exactly are RCPs? 

Representative Concentration Pathways (RCPs) are a set of greenhouse-gas 

concentration and related trajectory scenarios developed so that climate models use 

the same baseline assumptions about how much warming pressure the atmosphere 

will experience under different emission futures. Each canonical RCP (RCP2.6, RCP4.5, 

RCP6.0, and RCP8.5) corresponds to a different level of radiative forcing in 2100; this 

can be understood as the amount of additional energy retained in the Earth system 

because of increased greenhouse gases, measured in watts per square metre. Lower 

numbers indicate lower levels of human-driven warming; higher numbers indicate 

A simple way to introduce scenarios is to ask students to design two versions of 

the same future. In the first version, a town invests in public transport, renewable 

energy, and green spaces. In the second version, it continues to rely heavily on cars, 

fossil fuels, and poorly insulated buildings. Students can then discuss how these 

choices might affect heat, air quality, flooding, energy costs, and daily life. Of 

course, it will be impossible to calculate exact outcomes, but this activity can help 

students understand that different decisions create different possible futures. 
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greater levels (van Vuuren et al., 2011). The RCPs were developed in order to offer 

modelers common and comparable inputs: in this way, different climate models 

produce results that can be meaningfully compared (Moss et al., 2010; van Vuuren et 

al., 2011). 

 

What exactly are SSPs? 

Shared Socioeconomic Pathways (SSPs) are storylines coupled with quantitative 

trajectories of certain parameters; SSPs describe plausible global socioeconomic 

developments (e.g. population growth, economic trends, technological change, 

governance, land use) that shape future greenhouse emissions alongside society’s 

ability to cope with climate change impact (O’Neill et al., 2017). The standard SSP 

narratives range from SSP1 “Sustainability”, which assumes rapid progress toward 

low-carbon, equitable development, to SSP3 “Regional Rivalry”, which assumes 

fragmentation and slower development, to SSP5 “Fossil-Fuelled Development”, which 

assumes high economic growth with continued reliance on fossil fuels (O’Neill et al., 

2017; Riahi et al., 2017).  

Concept Checkpoint! 

RCPs are mainly about the physical side of climate change: How much extra energy 

is trapped in the Earth system because of greenhouse gas concentrations? In other 

words:  How much additional warming pressure is the atmosphere experiencing? 

Lower RCP numbers describe lower levels of warming pressure, while higher 

numbers describe stronger warming pressure.  
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SSPs provide the socioeconomic context that researchers combine with RCP 

trajectories to produce informed assessments of various alternate ecological futures 

(IIASA SSP Database, 2018; Riahi et al., 2017). Importantly, the combined SSP–RCP 

approach deliberately separates:  

(a) the climate pathway—describes how much additional energy the Earth 

system may retain under a given emissions trajectory,  

(b) the socioeconomic pathway—describes how society might develop and 

respond.  

Distinguishing between the climate pathway (how much additional energy the Earth 

system may retain under a given emissions trajectory) and the socioeconomic 

pathway (how society might develop and respond) is essential in education because 

it teaches causal clarity: students learn to separate physical drivers of change from 

human decisions that shape exposure, sensitivity, and adaptive capacity (O’Neill et al., 

2017; van Vuuren et al., 2011). This separation prevents the common misconception 

that climate outcomes are predetermined by physics alone, highlights where policy 

and behavior can meaningfully alter risk, and supports interdisciplinary reasoning 

across science, economics, and civics (IIASA SSP Database, 2018; IPCC AR6 Scenario 

Explorer, 2021). 

Concept Checkpoint! 

SSPs are mainly about the human side of climate change. They describe different 

ways societies may develop, including population growth, economic inequality, 

technology, energy use, and international cooperation. If RCPs help explain the 

physical climate pathway, SSPs help explain the societal pathway. Together, they 

show that climate futures depend not only on science, but also on how societies 

organise themselves and respond to changes. 
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1.3. Sources and Institutions 

The Intergovernmental Panel on Climate Change (IPCC) is the main organisation 

tasked with bringing together and evaluating projections for the global climate. The 

IPCC was established in 1988 under the joint guidance of the UN Environment 

Programme (UNEP) and the World Meteorological Organization (WMO). The IPCC’s 

purpose is to offer clear and regular assessments to governments and decision-

makers, so that there is always a current “picture” of what research reveals about 

climate change, the likely consequences, and the possible future risks.  

The IPCC, rather than generating its own experiments or datasets, works by reviewing 

and integrating a very large body of scientific literature produced by climate-modelling 

groups worldwide (IPCC, 2021). Some of these groups are associated with well-known 

institutions such as the Hadley Centre of the UK Met Office, NASA’s Goddard Institute 

for Space Studies, and the Max Planck Institute for Meteorology. Much of the 

modelling work assessed by the IPCC is produced through large international 

collaborations, including coordinated comparison exercises between climate models 

developed by research centres around the world (Eyring et al., 2016). At research 

institutions, teams operate large-scale Earth System Models (ESMs) and Global 

Climate Models (GCMs), sophisticated tools that simulate the behaviour of the planet 

by representing processes like the exchange of radiation, the movement of heat and 

Warning!  (Common Misconception) 

Students may assume that climate outcomes are controlled only by “nature” or by 

“science”. In reality, climate scenarios show that social and political choices matter 

greatly. Two societies may face the same physical climate risk, but experience very 

different outcomes depending on infrastructure, inequality, governance, 

healthcare, education, and access to resources. This is why scenarios combine 

climate science pathways with socio-economic pathways. 
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water through the oceans, and the cycling of carbon through the atmosphere and the 

biosphere. 

 

 

Key Takeaways!  

(Unit 1) 

Climate scenarios are not used for fixed predictions of the future; scenarios are 

tools for exploring possible futures. They help us understand how different 

assumptions about emissions, technology, policy, and social development may 

affect the Earth’s climate system. RCPs focus mainly on greenhouse gas 

concentrations and radiative forcing, while SSPs describe possible socio-

economic pathways. Together, these frameworks help teachers and students see 

how scientific processes and human choices interact when thinking about the 

future in order to better prepare for it. 
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 Unit 2: Exploring Possible Futures 

2.1. Optimistic vs. Pessimistic Pathways 

Optimistic climate scenarios imagine societies taking fast, coordinated action to cut 

greenhouse gas emissions, improve efficiency, and protect nature. These futures often 

combine low-emissions pathways, such as RCP2.6, with socioeconomic futures 

oriented towards sustainability, such as SSP1, and are broadly consistent with 

international efforts to stabilise warming near 1.5–2°C above pre-industrial levels 

(IPCC, 2018; O’Neill et al., 2017). What this means in everyday terms is that we still 

experience change (warmer days, shifts in rainfall) but we avoid the most dangerous 

outcomes. The risks we “avoid” in such optimistic futures include the worst losses of 

species and habitats, the highest levels of sea-level rise, and the sharpest increases in 

extreme events like heatwaves.  

 

By contrast, more pessimistic scenarios may combine high-emissions pathways, such 

as RCP8.5, with more fragmented or unequal socioeconomic developments, such as 

SSP3, and assume continued heavy reliance on fossil fuels alongside weaker 

international cooperation (van Vuuren et al., 2011; O’Neill et al., 2017). These futures 

can lead to warming exceeding 4°C, which brings widespread disruption to 

ecosystems, economies, and daily life. 

Pedagogical Note… 

When presenting optimistic and pessimistic pathways, it is important not to frame 

the lesson as a simple choice between “everything will be fine” and “everything will 

collapse”. The educational goal is to help students understand degrees of risk. On 

one hand, lower-emission pathways do not mean that climate change disappears; 

they mean that the most dangerous impacts are reduced. On the other hand, 

higher-emission pathways do not mean that all action is pointless; they only display 

how delayed or insufficient action increases harm. 
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The difference between these two directions makes apparent the costs of inaction as 

well as the benefits of mitigation. When countries signed the Paris Agreement, they 

effectively chose to aim for the optimistic end of the spectrum, and pledged to keep 

global warming well below 2°C, and to even pursue 1.5°C where possible. However, 

analyses have shown that proposals must be strengthened if we ever want to attain 

those goals. This is why scenario thinking remains essential for education, public 

discussion, and policy formation (IPCC, 2018; Rogelj et al., 2016). 

 

Concept Checkpoint! 

The difference between a 1.5–2°C future and a 4°C+ future does not mean what 

we might intuitively think it means. Small differences in global average temperature 

can produce large differences in heatwaves, sea-level rise, crop losses, ecosystem 

disruption, and risks to human health. This is why scenario comparison is useful: 

it helps students see how changes that may sound small at the global level can 

become very serious in everyday life. 
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Global greenhouse gas emissions by sector. 

(Useful for showing which human activities feed into climate scenario assumptions). 

Source: Our World in Data – Greenhouse gas emissions by sector 

 

2.2. Environmental Implications 

Climate change scenarios translate different emissions trajectories into 

environmental outcomes: how they can end up affecting living things through a variety 

of reasons (like the acidity of oceans, and weather extremes like temperature and 

rainfall). As scientific models improved after the 1990s, researchers became better at 

linking increases in greenhouse gases to highly possible ecological effects; climate 

change scenarios were increasingly adopted by both educators and policy-makers, 

https://ourworldindata.org/grapher/ghg-emissions-by-sector
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both of whom needed ways to link present causes with possible future effects (IPCC, 

2014). 

One major area of concern when it comes to the ecological and environmental 

repercussions of climate change is biodiversity (the number of different species of 

flora and fauna in a particular environment). Rising temperatures and shifting rainfall 

patterns affect where plants can grow and where animals can feed, reproduce, and 

survive. Some species move uphill, some toward the poles; others cannot move 

quickly enough finding their paths blocked by roads and cities. Species with a narrower 

range of viable temperatures face higher risks. High-emissions scenarios place a 

much larger share of species at risk compared with low-emissions pathways. Climate 

change mitigation matters for human comfort just as much as it matters for 

biodiversity conservation (Bellard et al., 2012).  

The oceans, similarly, are heavily affected by the greenhouse effect. When the 

atmosphere contains more CO₂, the ocean absorbs part of it, and through a chemical 

reaction this raises the acidity of the water (scientifically measured as ‘pH’) in a 

process called ocean acidification. This makes it harder for corals and shell-forming 

organisms to build their skeletons. In addition, global warming causes seawater to 

expand and contributes to the melting of glaciers and land-based ice, thereby driving 

sea-level rise. Here too, the amount of rise depends directly on cumulative emissions, 

so scenario choice matters (IPCC, 2019). Teachers can connect this to local coasts or 

to news images of tidal flooding to make the science relatable. 

Finally, scenarios also help us think about extreme weather events. As warming 

increases, we tend to encounter more frequent and intense heatwaves, heavier 

downpours, and changes in drought patterns, in some regions. The exposure of people 

and ecosystems to these extremes often grows non-linearly with temperature; in 

practical terms, this means that an additional half degree of warming can have 

disproportionately large effects on risk and damage. 
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 2.3. Societal Implications 

Besides helping us extrapolate on the future of the environment, scenarios can also 

show how climate change shapes everyday life. This includes issues such as food and 

water security, the habitability of different places, the unequal distribution of climate 

impacts across different populations, migration and displacement, and public health. 

Heat increases the risk of illness, especially for outdoor workers and older adults; 

vector-borne diseases may shift their range; and air quality can worsen during hot, dry 

spells. Through the 2000s, as climate assessment tools were developed, social impact 

scenarios became a crucial field of study. (IPCC, 2014). 

 

Agriculture is one such example. Shifts in temperature and rainfall can be expected to 

reduce crop yields, or shift the map of where they grow most optimally. Without serious 

mitigation (new strains and varieties, different planting dates, improved irrigation) 

high-warming scenarios point to large losses. A not unlikely consequence would be 

the rise of food prices and worsening of food insecurity, especially in regions at risk 

(Porter et al., 2014). Water security becomes a factor too as rainfall becomes less 

reliable and demand increases during heat. 

Migration and displacement are another concerning topic. There is a multitude of 

ecological changes that might lead people to leave their homes, e.g. storms, sea level 

rises, droughts, to name only a few factors that can undermine living conditions or 

even make them impossible. And of course, strong environmental impact and low 

capacity to adapt equals a higher risk for disadvantaged groups, for whom low socio-

Pedagogical Note… 

Societal impacts should be handled carefully in the classroom, especially when 

discussing migration, inequality, or health. Encourage students to use respectful 

language, avoid blaming affected populations, and think about how vulnerability is 

shaped by resources, infrastructure, history, and political choices. 
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economic immobility can translate to literal inability to migrate away from ecological 

peril. 

 

2.4. Economic Implications 

The use of scenarios as tools is often combined with economic analysis, to help 

researchers understand what climate change may cost, in terms of actual money, or 

on the contrary what is the profit if we act early. Based on physical climate projections, 

integrated assessment models make both social and economic assumptions in order 

to estimate long-term effects on productivity, infrastructure, and trade, which is 

necessary for comparing the costs of mitigation with the costs of inaction. The broad 

message from such work is consistent: delayed action generally raises overall costs, 

and, as damages mount, later transitions must be faster and therefore more expensive 

(Stern, 2007; Nordhaus, 2013).  

 

Global damage costs from natural disasters.  

(Useful for opening discussion on economic impacts and planning.) 

Source: Our World in Data – Global damage costs from natural disasters 

https://ourworldindata.org/grapher/damage-costs-from-natural-disasters
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In practical terms, higher temperatures and more frequent weather extremes can 

impede labor productivity, especially for outdoor work, like construction or agriculture, 

leading to an increase in maintenance and repair costs: during heatwaves rail lines 

warp and power grids face higher stress; floods and storms damage buildings and 

disrupt services. On the trade side, the impact of climate occurs unevenly around the 

world, since it is hard to predict how the supply chain will be interrupted by agricultural 

shocks, or transport delays, or damaged ports. Naturally, higher risk scenarios are 

linked to market price spikes and shortages; lower risk scenarios provide a more stable 

backdrop for investment. 

 

 

Key Takeaways!  

(Unit 2) 

Different climate pathways lead to different environmental, social, and economic 

outcomes. Lower-emission pathways reduce risks, while higher-emission 

pathways increase the likelihood of severe disruption. Climate change affects 

ecosystems, oceans, weather extremes, food and water security, migration, public 

health, infrastructure, and trade. These impacts are not distributed equally, which 

means that climate scenarios are also useful for discussing fairness, vulnerability, 

and responsibility. 



 

 
 The EcoMystery Project | 2024-1-IT02-KA220-SCH-000248873 page 24 

Module 2 – Climate Change Scenarios 

 

 Unit 3: Innovative Approaches to Scenario Use 

3.1. Climate Foresight and Strategic Planning 

Scenarios are not “crystal balls” that predict the future, but tools for thinking many 

steps ahead. Uncertainty—the fact that the future can turn out a bit differently than 

expected—must be taken into account when communities plan their future decisions. 

Since the early 2000s, cities and national agencies have incorporated scenario 

strategies into planning (e.g. in water management, land use, disaster prevention), 

precisely because scenario planning supports robust and flexible decision-making 

under uncertainty (Sarewitz & Pielke, 2000).  

What are some examples of scenario planning? At the local level, an urban planner 

might compare several possible outcomes regarding sea level rise outcomes, and use 

the data to design flood defences that work reasonably well within the whole 

documented range of sea level rise. In farming, scenarios, with their range of weather 

and earth parameters, can inform decisions in crop varieties based on the range 

wherein each variety thrives, or decisions of when or where to invest in irrigation. In 

energy transition, scenario planning helps test how power systems hold up under 

different combinations of reduction in renewables, storage, and demand, and in this 

way investments can be timed, in order for supply to stay reliable. 

 

Ask students to design a “future-ready school” under two different climate 

scenarios. In one scenario, summers become slightly hotter and rainfall becomes 

less predictable. In another, heatwaves and heavy rainfall become much more 

frequent. Students can suggest changes to the school building, timetable, garden, 

transport habits, or emergency plans. Allow students to be creative with their 

solutions, but do keep them within the bounds of the realistic in order for them to 

understand the challenges of mitigating climate change and the importance of 

resources. 
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 3.2. Integrating Digital Tools 

Digital tools can make the idea of scenarios much easier to grasp, because the idea is 

realized in front of the students’s eyes: cause and effect unfold on the screen. 

Platforms like En-ROADS (https://en-roads.climateinteractive.org) let users move 

sliders for parameters like carbon pricing, or reforestation, renewable energy, or 

efficiency, and watch how changes in these parameters alter global temperature 

pathways in real time. Simulators like En-ROADS became popular in the 2010s, when 

both school classrooms and policy makers both discovered the value of turning 

abstract figures into visible patterns, and these patterns can be explored, questioned, 

and reflected on (Miller & Kates, 2019; Climate Interactive & MIT Sloan, n.d.). Similarly, 

visualization portals from the IPCC or NASA play a related role, turning complex model 

results into maps, graphs, and animations, and in this way non-specialists can 

understand scenario planning when a teacher or facilitator is there to guide them. For 

example, the IPCC AR6 Scenario Explorer (https://data.ene.iiasa.ac.at/ar6/) provides 

access to a wide range of scenario-based projections, while NASA’s climate 

visualisation portal (https://climate.nasa.gov/) offers accessible datasets and 

interactive tools. 

 

https://en-roads.climateinteractive.org/
https://data.ene.iiasa.ac.at/ar6/
https://climate.nasa.gov/
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NASA Climate Time Machine interface.  

(Digital tools can make climate indicators easier to explore.) 

Source: NASA Science – Climate Interactives / Climate Time Machine 

 

Teachers who wish to explore these resources further can consult the En-ROADS 

Climate Simulator developed by Climate Interactive and MIT Sloan (https://en-

roads.climateinteractive.org), as well as the IPCC AR6 Scenario Explorer 

(https://data.ene.iiasa.ac.at/ar6) and NASA Climate visual resources 

(https://climate.nasa.gov). 

 

 

 

 

https://science.nasa.gov/climate-change/climate-interactives/
https://en-roads.climateinteractive.org/
https://en-roads.climateinteractive.org/
https://data.ene.iiasa.ac.at/ar6/
https://climate.nasa.gov/
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Visualization of atmospheric carbon dioxide  

(Useful for making invisible emissions and source pathways more tangible.) 

Source: NASA Scientific Visualization Studio –  

Atmospheric Carbon Dioxide Tagged by Source 

 

NASA global temperature anomaly map,  

showing that warming is spatially uneven across the planet. 

Source: NASA Scientific Visualization Studio – Global Temperature Anomalies 

https://svs.gsfc.nasa.gov/5115
https://svs.gsfc.nasa.gov/5115
https://svs.gsfc.nasa.gov/5603
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NASA Images of deforestation; before-and-after view.  

(Useful for engaging students through visible environmental transformation.) 

Source: NASA Science – Climate Interactives / Images of Change 

 

It needs pointing out that bringing digital tools like these into the classroom does not 

intend to transform teachers into technical experts. The goal is simply to use the 

software as a visualisation of scientific thought and a shared thinking space. A 

minimalistic structure helps: for example, start with a clear question (“What series of 

actions could keep global warming well below 2°C?”), then offer students a set of steps 

to follow on the screen to answer that question. Pause often, to foster discussion 

rather than rushing through all the features to prove the end-point of the question. It is 

suggested for teachers to adopt the stance of the co-learner, in that they navigate the 

students through the learning, so that the students themselves are taught (through 

visualisation) the principles of cause and effect in climatic terms. Teachers are 

encouraged to ask students to explain what they see in a graph, or why two groups got 

different results with seemingly similar choices. Short reflection tasks (such as writing 

a few sentences on “what surprised me”, or sketching a simple before/after diagram) 

https://science.nasa.gov/climate-change/climate-interactives/
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help anchor the digital experience in the students’ own words and drawings, instead of 

restraining their learning within solely the interface (Miller & Kates, 2019; Climate 

Interactive & MIT Sloan, n.d.). 

 

With a class of 13 year olds, you might begin with a guided exploration of En-ROADS 

(https://en-roads.climateinteractive.org). Working in small groups, students try to 

reach an outcome where global temperature rise is lower than 2°C and keep notes of 

how they got to that outcome. Which levers did they find most important? Why did 

some options, which sounded effective, had less effect than they expected? A short 

“data lab” using an IPCC or national portal can then zoom in on a single variable, such 

as seasonal rainfall in your region, under two different scenarios. Students read or plot 

the projections, note whether the change is large or small and in which direction, and 

talk through what this could mean for school routines, gardens, or nearby farms. By 

the end, they will have practiced data literacy, collaboration, and evidence-based 

communication—the kinds of skills that make scenario work feel meaningful and 

empowering for young students (Miller & Kates, 2019; Climate Interactive & MIT Sloan, 

n.d.). 

 

Pedagogical Note… 

We must be careful for digital tools to support real discussion and not undermine 

it. At the same time, students may be impressed by interactive graphs and sliders, 

but they still need help interpreting what they see. Teachers can guide them by 

asking simple questions: What changed? Why did it change? What assumptions 

does the tool seem to make? What might be missing here? The content of the 

questions is less important than the fact that it will engage students in discussion 

about what they are seeing, which is vital for their reflection and understanding of 

the concepts at hand. 

https://en-roads.climateinteractive.org/
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 3.3. Emerging Trends in Scenario Building 

In recent years, scenario-building has evolved beyond the production of standardised 

global pathways toward more dynamic, interdisciplinary, and participatory 

approaches. These developments reflect both advances in scientific understanding 

and the growing need to make climate knowledge more actionable for decision-

makers and educators alike (O’Neill et al., 2017; Eyring et al., 2016). 

One important trend is the integration of tipping points and planetary boundaries into 

scenario design. Earlier generations of scenarios often focused on gradual, linear 

changes in temperature or emissions. However, research has increasingly highlighted 

the possibility of abrupt and potentially irreversible shifts in the Earth system, such as 

the collapse of ice sheets, large-scale forest dieback, or disruptions in ocean 

circulation. These critical thresholds, often referred to as tipping points, suggest that 

climate change may not always proceed in a smooth or predictable manner, but can 

instead involve sudden transitions once certain limits are exceeded (Lenton et al., 

2008). By incorporating such elements, newer scenarios aim to better capture non-

linear risks and highlight the urgency of limiting warming. In parallel, the planetary 

boundaries framework situates climate change within a broader system of 

interconnected environmental limits, encouraging a more holistic understanding of 

global change (Rockström et al., 2009). 

 

A second emerging direction is the co-creation of scenarios with stakeholders, often 

referred to as participatory foresight. Rather than being developed solely by scientific 

Concept Checkpoint! 

A tipping point is a threshold beyond which change becomes abrupt, self-

reinforcing, and difficult or impossible to reverse. Climate impact might not always 

be sudden, but some parts of the Earth’s system do respond sharply once certain 

limits are crossed. For students, the key idea to be communicated (beyond the 

statistical concept of the tipping point) is that delay can increase the risk of 

changes that are much harder to manage later. 
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experts, scenarios are increasingly produced through collaboration with local 

communities, policymakers, educators, and other stakeholders. This approach allows 

for the inclusion of diverse perspectives, local knowledge, and context-specific 

concerns. Participatory and locally grounded scenario work has also made climate 

futures more tangible by linking global change to place-based experiences, 

visualisation, and discussion (Shaw et al., 2009). At the same time, research has 

shown that involving stakeholders is not simply a technical matter, but also a question 

of participation, power, and the social uses of knowledge (Turnhout et al., 2020). There 

is a broader shift in scenario frameworks themselves, with socioeconomic narratives 

playing a central role in shaping possible futures, as seen in the development of the 

Shared Socioeconomic Pathways (O’Neill et al., 2017; Riahi et al., 2017). In educational 

settings, participatory scenario-building can be particularly valuable, as it encourages 

students to engage actively in imagining future pathways and to reflect on how 

different values and priorities influence outcomes. 

At the same time, advances in artificial intelligence and big data are transforming how 

scenarios are constructed and analysed. The growing availability of high-resolution 

datasets—from satellite observations to socio-economic indicators—enables more 

detailed and region-specific projections. Machine learning techniques can assist in 

identifying patterns, refining model assumptions, and exploring a wider range of 

possible futures. While these tools do not eliminate uncertainty, they allow for more 

nuanced and adaptive scenario development (Eyring et al., 2016). 

 

Warning!  (Common Misconception) 

Artificial intelligence and big data do not make perfect climate projections. They 

can help identify patterns, process large datasets, and improve the accuracy of 

some predictions, but they do not remove uncertainty. Digital tools are useful aids 

for thinking, but they cannot tell us the future with certainty. 
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For educators, these trends have two key implications. First, they reinforce the idea 

that climate scenarios are evolving tools rather than fixed products, shaped by ongoing 

scientific and societal developments. Second, they open up new possibilities for 

teaching: students can engage not only with established scenario frameworks, but 

also with the process of scenario-building itself, exploring how knowledge is produced, 

contested, and applied. In this way, emerging trends in scenario-building support a 

more critical and participatory approach to climate education (Watson-Parris, 2021). 

For classroom use, teachers may also find it helpful to draw on the teaching materials 

that accompany En-ROADS (https://www.climateinteractive.org/tools/en-roads), as 

well as publicly available data portals such as NASA Climate 

(https://climate.nasa.gov), Our World in Data (https://ourworldindata.org), and the 

IPCC Scenario Explorer (https://data.ene.iiasa.ac.at/ar6). These resources can help 

teachers adapt scenario-based activities to the age, subject background, and level of 

their students. 

 

 

Key Takeaways!  

(Unit 3) 

Scenario thinking is not limited to numbers in scientific reports. It is also used in 

planning, education, digital simulations, and participatory activities. Climate 

foresight helps communities prepare for uncertainty, while digital tools make 

scenario pathways easier to visualise and discuss—but not predict. 

https://www.climateinteractive.org/tools/en-roads/
https://climate.nasa.gov/
https://ourworldindata.org/
https://data.ene.iiasa.ac.at/ar6/
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 Assessment and Evaluation 

Self-assessment tools can help learners reflect on their own progress. Checklists or 

short prompts can invite students to evaluate their confidence in explaining scenario 

concepts, interpreting visualisations, or discussing the implications of different 

climate pathways. This encourages metacognitive awareness and supports more 

autonomous learning. 

Example assessment items: 

• Define the concept of a climate scenario and explain how it differs from a 

prediction. 

• Describe how an SSP and an RCP can be combined to produce a climate 

projection. 

• Given two temperature projections under different scenarios, identify two 

environmental and one societal impact associated with each. 

• Propose one mitigation or adaptation strategy that could help shift outcomes 

from a high-emission to a lower-emission pathway. 
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The following material is ready-to-use for self-assessment: 

1. What is the primary purpose of climate change scenarios? 

a) To predict the exact future climate 

b) To present a range of possible futures based on assumptions  

c) To describe only past climate trends 

d) To eliminate uncertainty in climate science 

 

2. Which statement best describes the difference between a scenario and a 

prediction? 

a) A scenario is more accurate than a prediction 

b) A prediction includes uncertainty, while a scenario does not 

c) A scenario explores possible outcomes, while a prediction forecasts a 

specific outcome  

d) There is no difference 

 

3. What does RCP stand for? 

a) Regional Climate Projection 

b) Representative Concentration Pathway  
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c) Realistic Climate Prediction 

d) Reduced Carbon Policy 

 

4. What do RCPs primarily describe? 

a) Social and political developments 

b) Economic growth patterns 

c) Greenhouse gas concentration trajectories  

d) Local weather conditions 

 

5. What do SSPs primarily focus on? 

a) Atmospheric physics 

b) Socioeconomic development pathways  

c) Ocean circulation patterns 

d) Short-term climate variability 

 

6. Which of the following best represents a low-emission pathway? 

a) Continued reliance on fossil fuels 

b) Limited technological development 
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c) Strong climate policies and sustainable practices  

d) Increased deforestation 

 

7. Why are climate scenarios useful in education? 

a) They remove the need for scientific evidence 

b) They simplify climate change into one outcome 

c) They allow exploration of different futures and decision-making  

d) They replace real-world data 

 

8. What is a “tipping point” in the climate system? 

a) A small and reversible change 

b) A predictable seasonal variation 

c) A threshold beyond which change becomes abrupt or potentially irreversible  

d) A measurement of temperature increase 

 

9. How do digital tools like En-ROADS support scenario learning? 

a) By replacing scientific models 

b) By providing fixed answers 
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c) By allowing users to test how decisions affect outcomes  

d) By simplifying climate science into text 

 

10. What is a key message conveyed by comparing different scenarios? 

a) All futures are equally likely 

b) Climate change cannot be influenced 

c) Human decisions shape future climate outcomes  

d) Climate science is uncertain and unreliable 
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Answer Key: 

1—b, 2—c, 3—b, 4—c, 5—b, 6—c, 7—c, 8—c, 9—c, 10—c. 
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 Additional Learning Materials 

A range of digital tools and resources can support both teachers and students in 

engaging more deeply with climate scenarios. These materials help translate abstract 

concepts into visual and interactive experiences, making scenario-based learning 

more accessible and meaningful. 

One of the most widely used resources is the IPCC AR6 Scenario Explorer, which 

provides access to a large set of scenario data and allows users to generate charts 

comparing temperature, emissions, and other variables across different pathways. (It 

can be accessed here: https://data.ene.iiasa.ac.at/ar6). While the full platform may be 

complex, selected visualisations can be used in the classroom to support data 

interpretation exercises. 

Interactive simulation tools such as En-ROADS (https://en-

roads.climateinteractive.org)  and C-ROADS (https://www.climateinteractive.org 

/tools/c-roads), developed by Climate Interactive in collaboration with MIT Sloan, allow 

users to experiment with policy choices—such as carbon pricing, renewable energy 

expansion, or deforestation reduction—and observe their effects on projected 

temperature outcomes. These tools are particularly effective in classroom settings 

because they make cause-and-effect relationships immediately visible. 

Visual resources from organizations such as NASA Climate provide accessible graphs, 

animations, and datasets on key indicators such as global temperature, sea level rise, 

and atmospheric carbon dioxide. These materials can be used to complement 

scenario discussions by grounding them in observed trends and evidence (NASA’s 

main climate portal is available at: https://climate.nasa.gov). Teachers may also use 

NASA’s Climate Time Machine (https://climate.nasa.gov/interactives/climate-time-

machine) to help students visualise long-term changes in temperature, sea level, sea 

ice, and atmospheric carbon dioxide in an accessible and interactive format (NASA, 

n.d.).  

https://data.ene.iiasa.ac.at/ar6/
https://en-roads.climateinteractive.org/
https://en-roads.climateinteractive.org/
https://climate.nasa.gov/
https://climate.nasa.gov/interactives/climate-time-machine
https://climate.nasa.gov/interactives/climate-time-machine
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Policy-oriented summaries, such as OECD climate foresight briefs, offer concise 

overviews of how scenarios are used in planning and decision-making. These can be 

useful for teachers seeking to connect scientific concepts with real-world governance 

and policy contexts. (OECD climate-related publications can be accessed through 

https://www.oecd.org/climate-change). 

 

Suggested classroom uses: 

• Assign students to explore a simulation tool (e.g., En-ROADS) and present how 

different policy choices influence temperature outcomes. 

• Use selected IPCC or NASA visualizations for guided data interpretation 

exercises. 

• Encourage group discussions where students compare outputs from different 

tools and reflect on differences in assumptions and results. 

When selecting materials, teachers should consider the age and background of their 

students, adapting the level of complexity accordingly. 

 

Dive Deeper! 

Teachers who want to explore climate scenarios further can use the IPCC AR6 

Scenario Explorer, En-ROADS, C-ROADS, and NASA Climate resources, all freely 

available online. These materials can support classroom activities, teacher 

preparation, and student-led exploration. They are especially useful when teachers 

want to move from abstract explanation to visualisation, simulation, and evidence-

based discussion. 

https://www.oecd.org/climate-change/
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