
August 2022 
 
The findings and conclusions of this Working Paper reflect the views of the author(s) and have not been 
subject to a detailed review by the staff of the Lincoln Institute of Land Policy. Contact the Lincoln Institute 
with questions or requests for permission to reprint this paper. help@lincolninst.edu   
 
© 2022 Lincoln Institute of Land Policy 
 

 
 
 
 
 
 
 
 
 

Scenario Planning Using Climate Data: New 
Tools Merging Science and Practice  
Working Paper WP22DF1 
 
 
Donovan Finn  
School of Marine and Atmospheric Sciences, Stony Brook University 
 
Naomi Miller 
School of Marine and Atmospheric Sciences, Stony Brook University 
 
 

mailto:help@lincolninst.edu


Page 2 

Abstract 
 
The integration of climate data into scenario planning is an important next step in helping local 
planning practitioners more usefully engage with the public around questions of how to address 
local challenges of climate change mitigation and adaptation. Climate scientists have 
increasingly recognized the need for more user-friendly science products that can be used in the 
service of public policy and decision making, but there are nonetheless a handful of challenges 
that remain. Drawing on emergent concepts from climate as well as research in climate 
communication around the utility of narrative, we propose a narrative-based approach to 
communicating climate science that can function as a useful and effective input to scenario-
planning processes for urban and regional planning.  
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Scenario Planning Using Climate Data: New Tools Merging Science and Practice 
 

Introduction 
 
There is a consensus in the scientific community regarding the validity of climate change (IPCC 
2021) and the planet is now committed to a certain amount of warming by the anthropogenic 
greenhouse gas emissions produced since the industrial revolution began (Solomon et al. 2009). 
It is no longer a question of whether the climate will change, but a question of how much it will 
change, and how quickly (Hansen & Sato 2008, Solomon et al. 2009). There have been repeated 
calls for action to address these coming changes, but global efforts continue to fall short of their 
goals.  
 
Reducing the use of fossil fuels and decreasing greenhouse gas emissions has always been within 
humankind’s capability, but powerful forces continue to bar major change. Despite decades of 
summits, conferences, goals, and agreements, the global community has failed to curb society’s 
reliance on fossil fuels, causing a continuous increase in critical atmospheric carbon dioxide 
levels. So, while global governance fails to make meaningful progress toward mitigation, the 
mantle for adaptation has been increasingly taken up by local practitioners.  
 
Local planning practitioners are uniquely situated to mitigate society’s contributions to climate 
change and facilitate adaptation to its effects, given that climate change will impact every 
locality in unique and dynamic ways. Adaptation, in particular, will be a significantly local 
endeavor. Cities, towns, and other types of municipal government are essentially the smallest 
geographic scale on which climate change will have an impact, making local adaptation a critical 
piece of the effort to prepare for a changing climate (Measham et al. 2011). And yet, there 
remain significant barriers to adaptation even on this smallest of scales. 
 
In addition to understanding the science of climate change and being able to access climate data 
for local use (Finn et al. 2022), planners need new tools and processes for using climate data in 
planning processes. Building on ongoing work at the science-practice interface, this report 
outlines some of the ways that planners can combine scenario planning tools and cutting-edge 
climate science data to facilitate more informed and robust planning processes focused on 
climate change adaptation.  
 

What Is Planning’s Role in the Climate Crisis? 
 
It has been clear to scientists for some time that if human society does not slow and ultimately 
reverse carbon dioxide emissions, the Earth system will be committed to irreversible and 
potentially catastrophic warming (Hansen & Sato 2008, Solomon et al. 2009). Using complex 
Earth system models, climate scientists can study the effects of past, present, and future 
emissions (as well as possible mitigation actions) to investigate the longevity of carbon dioxide 
in Earth’s atmosphere. Multiple studies have found that the warming effects of carbon dioxide 
last for hundreds of years beyond the time of initial introduction (Matthews and Caldeira 2008) 
and that the carbon dioxide presently in the atmosphere will persist for millennia, making climate 
change seemingly irreversible even on the generational scale (Solomon et al. 2009).  
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Although a portion of anticipated future warming is due to inertia in the climate system, it is 
more accurate to regard the driving force behind continued emissions as inertia in the socio-
economic system, blaming collective refusal to halt the practices known to be causing 
irreversible change for this continued progress toward disaster (Matthews and Caldeira 2008). 
Federal, state, and local government actions including projects, regulations, and incentive 
structures are key to helping to slow the rate of climate change and adapt to its already-existing 
effects. Even the best climate science, while useful in understanding the causal mechanisms of 
climate change, illustrating potential implications, and possibly even proposing solutions, is not 
by itself a way to address climate change.  
 
Moreover, the effects of climate change on local communities can vary, causing increased storm 
intensity or frequency in one place, droughts and heat waves in another, or, often, a mixture of 
these effects. Because the causes of climate change are complex – comprising social, economic, 
technological, political, and other forces – and because the impacts are similarly complex, it can 
be overwhelming to understand how to act at the local level in the face of these challenges. As 
these issues continue to become more complex and the implications more dire, public policy 
challenges that were once described as “wicked problems” (Rittel and Webber 1973), have in the 
context of climate change been reframed as “super wicked problems” (Levin et al. 2012). 
Adapting to and mitigating climate change, therefore, increasingly requires a holistic and multi-
faceted approach blending science and policy (McPhearson et al 2016).  
 
Urban planners are on the front lines of the battle to prevent and adapt to climate change and its 
associated impacts. From advising elected officials to interfacing with the public and developing 
strategies to reduce automobile use, build more energy-efficient buildings, and protect against 
risks like stormwater flooding, planners are key players in the effort to develop more sustainable 
and resilient communities. Planning is a critical tool for shaping more sustainable and resilient 
futures, otherwise we risk merely “stumbling upon those futures as they emerge” (Hopkins and 
Zapata 2007). 
 
But planners are not climate scientists. While planners increasingly need to access and analyze 
climate data and integrate it into various aspects of their work, planners’ use of climate data are 
limited by the data that are available to them, the technical resources at their disposal, and their 
own training and understanding of the data. Despite ongoing advances in climate science, the 
integration of that science into local planning and policymaking remains relatively slow and ad 
hoc (Francis et al. 2005, Bassett & Shandas, 2010). And this is not only a U.S. problem. Two 
decades ago, Eliasson (2000) noted that in Sweden, “urban planners were interested in climatic 
aspects, but the use of climatic information was unsystematic and the results confirmed that 
climatology has a low impact on the planning process” (p. 31).  
 
It is not always easy, however, to find, decipher, and use the best science in the service of 
making plans and policies. Time and again when communities are devastated by a climate-
related hazard event – from the 2020 and 2021 California wildfires to Hurricane Ida’s dramatic 
impacts in Louisiana, New York, and New Jersey in September of 2021 – local officials express 
surprise and claim to have been caught off guard. After Hurricane Ida killed 11 city residents, 
New York City mayor Bill de Blasio said, “...but here's what we did not know, that we would 
have literally shocking and unprecedented rainfall” (https://www1.nyc.gov/office-of-the-

https://www1.nyc.gov/office-of-the-mayor/news/599-21/transcript-mayor-de-blasio-holds-media-availability
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mayor/news/599-21/transcript-mayor-de-blasio-holds-media-availability). But, in fact, forecasts 
had predicted that Ida would bring significant rainfall, much like climate scientists have been 
predicting increasingly dire impacts from climate change more generally for some time. 
Similarly, the problem with integrating climate data into urban planning is not a lack of high-
quality climate projections; rather, it is lack of effective mechanisms for accessing these data and 
effectively using them in the ways that local planners require.   
 

Three Key Challenges to Integrating Climate Science into Urban Planning 
 
Existing research argues that there is no dearth of climate data available to planners, but rather a 
lack of useful tools and processes for using such data in planning-relevant ways (Mitchell and 
Laycock 2019). Production of actionable, relevant, and useful climate science relies on effective 
communication of regional climate information and its associated uncertainties to decision 
makers. To be most useful, these climate data need to be credible, understandable, and useful for 
the particular decision situation (Cash et al., 2003). Moreover, as Deal et al. (2017) point out, 
scenario planning processes, especially those using computerized Planning Support Systems 
(PSS), hold significant potential to help communities more effectively address goals like 
sustainability, resilience, and climate change adaptation, but a key incremental objective is the 
development of better ways to access, process, and downscale climate data. Scenario planning, 
additionally, is complex, and the development of more effective processes relies not merely on 
more data but on more useful data (Chakraborty & McMillan 2015). And planning overall needs 
to develop better tools for illustrating the future implications of current actions (Throgmorton 
1992). Efforts to integrate climate science into planning processes will require much more 
nuanced understanding of what kinds of climactic and atmospheric data planners need, what 
scales they need it at, and the formats in which they can utilize it most effectively. Deepening 
and refining this knowledge base will facilitate more sophisticated scenario planning and create a 
feedback loop between planners and atmospheric scientists that can pay immediate dividends in 
more informed and scientifically supported resilience related decision-making. 
 
We argue that there are three reasons it is so difficult to usefully integrate the existing scientific 
data on climate change into public policy and planning decisions. The first of these is a 
communication gap, and it represents a dearth of high-quality communication between climate 
scientists and practitioners. At its worst, the communication gap can mean a complete lack of 
collaboration between climate scientists and prospective end users of climate data, leading to 
ineffective and uninformed decision making (MacKillop 2012). For example, a 2008 study found 
that nearly 70% of urban planners never or rarely read climate journals, and a similar proportion 
of planning journals fail to publish anything relating to the threats of climate change (Tribbia and 
Moser 2008). But even when practitioners find themselves collaborating with climate scientists 
or consulting scientific studies, differences in technical training and terminology can keep them 
from understanding each other (Eliasson 2000, MacKillop 2012, Tribbia and Moser 2008). At its 
least severe, the heavy use of technical jargon in even nominally public-facing climate reports 
such as the National Climate Assessment (https://nca2018.globalchange.gov/) or the 
Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report 
(https://www.ipcc.ch/assessment-report/ar5/), combined with a lack of climate literacy for 
practitioners leads to a deficit of comprehensible climate studies for planners, resource managers, 
and other potential end users. Without the necessary knowledge for how to understand, assess, 

https://www1.nyc.gov/office-of-the-mayor/news/599-21/transcript-mayor-de-blasio-holds-media-availability
https://nca2018.globalchange.gov/
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and utilize existing data, potential users are unable to harness the existing science in any useful 
way.  
 
This lack of communication between scientists and practitioners can lead to or exacerbate the 
second barrier to local adaptation, the usability gap. That is, even if practitioners are armed with 
the technical training to interpret scientific information, the information they have access to is 
often unusable for their purposes. Lemos et al. (2012) outline a dichotomy between useful 
information and that which is usable, arguing that the producers of climate change data fail to 
create information that will be applicable to the end users. In short, even if a wealth of climate 
change information exists, it may not ever “move off the shelf” and be applied because it is not 
in a usable form (Jagannathan et al. 2021). Practitioners need decision relevant metrics of climate 
change in order to plan for adaptation at the local scale. Since 'decision relevant metrics' will be 
different for every kind of practitioner, the producers of information must also be involved in 
designing the end-use application in order to create salient and usable data (Jagannathan et al. 
2021, Lemos et al. 2012, Madsen et al. 2019). 
 
The final theme among the barriers to adaptation concerns the issue of scale. Responding to 
climate change requires locally-scaled predictions that current methods fail to deliver (Sheppard 
2011, Iwaniec et al. 2020). This is clearly also related to usability. Global and even regional 
predictions about the future of climate change are abundant but useless for a local planner 
concerned with microscale changes. Local adaptation cannot occur without local knowledge. 
Planning for climate change at such a small scale requires high-resolution data that even the most 
advanced regional climate models still struggle to provide. Compounding this is the uncertainty 
inherent in forecasting climate change – it is difficult to justify planning for futures that are 
uncertain (IPCC 2021) and the more detailed the scale of data, the more inherent uncertainty it 
contains. Incomplete, missing, or un-usable data at the local scale often forces practitioners to 
extrapolate or entirely forgo incorporating climate data into their plans (Sheppard 2011). Local 
projections, while more difficult to produce, are far more usable for planners and resource 
managers. They are also more tangible for stakeholders and setting climate change into the local 
context can help these predictions to hold meaning and inspire action (Sheppard 2011). Like the 
usability gap, provisions of downscaled climate data are met with calls for co-production, 
predicated on the idea that by working together with climate scientists, decision makers can 
receive data tailored to their local needs (Sheppard 2011, Madsen et al. 2019, Jagannathan et al 
2021). 
 
A number of lessons can be taken from these critiques of the state of climate science as it relates 
to adaptation planning. Most importantly, we can appreciate the necessity of adaptation at the 
local scale. The small-scale response to a large-scale issue is supported by the subsidiarity 
principle (Follesdal 1998) which states that an issue should be addressed on the lowest level at 
which all those affected are involved. Following this principle of governance, the local scale is 
the appropriate scale for climate adaptation. Further, taking into account the challenges 
practitioners currently face in the present political context, tackling climate change at the local 
scale allows for the necessary communication, collaboration, and customization that will 
facilitate well-informed decision making and community buy-in regarding solutions. Thus, local 
knowledge becomes of critical importance for practitioners. Here we take 'local knowledge' to 
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mean both 'knowledge of the threats climate change poses to the area,' as well as 'knowledge of 
the locality and the socio-economic and cultural contexts in which adaptation must take place.’  
 
In a survey of over 800 municipal planners conducted by the authors in 2019, we found that 
planners across the country felt ill-equipped to tackle the multi-faceted issue of climate change. 
Adapting to climate change presents logistical, scientific, and political challenges, and many 
urban planners and other resource managers reported these as limiting their ability to incorporate 
climate change considerations into their work. The most frequent complaints included a lack of 
access to usable and scale-appropriate data, resource and funding constraints, and a lack of 
political will to defend their adaptation decisions. These issues compounded each other; for 
example, smaller departments lack the in-house technical expertise to translate raw or regional 
climate data into something useful at their scale of work.  
 
In short, it is not enough that cutting edge and scientifically sound climate data exists, because 
there are voluminous amounts of climate data available with more being produced every hour. 
To be useful for practitioners, however, that data must be made available to end users in ways 
that they understand and can use in planning processes that will result in effective adaptation 
actions. What this means is that we must expend the effort now to build structures, mechanisms, 
and processes that facilitate this translation between climate scientists on the one hand and the 
end users like planners on the other. This will require technical innovations like planning support 
systems as well as new collaborative processes of co-production and co-education, and, finally, 
new forms of analysis, communication, and visualization that allow planners to usefully interface 
with the climate information that they need.  
 

Why is Scenario Planning a Useful Approach for Addressing Climate Change? 
 
In the past twenty years as climate change has ascended to the forefront of scientific and political 
discourse, the global response to it has metamorphosed from cautious interest to apprehensive 
mitigation and now, in some cases, desperate adaptation. As global efforts to address the coming 
climatic changes continue to stall and fall flat, the consequences for failing to adapt only increase 
in magnitude. There has been much attention given to understanding where science and planning 
fail to communicate and how the nature of our governance systems prevent the implementation 
of effective climate policy. Though many of these efforts have been successful in identifying 
barriers to change, few propose realistic solutions that address the roots of the issue. One 
solution that has arisen in response to the need for collaboration and creativity is scenario 
planning. With roots in military planning and private sector strategic planning, urban planners 
began to slowly integrate lessons from scenario planning into planning practice by the mid-1960s 
with the practice become more mainstream by the mid 1990’s (Chakraborty et al. 2011). 
Scenario planning is particularly useful in the climate adaptation context because it has always 
been based on a combination of quantitative forecasts and qualitative narrative or storytelling 
(Chermack et al 2001).  
 
The value of scenario planning, at least in part, derives from its use of narratives and stories to 
engage diverse public in deliberations around critical issues and potential strategic approaches to 
planning for the future. As opposed to merely, or only, scientific data or quantitative projections 
of the future, scenario planning relies heavily on the power of narrative and stories to engage 
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participants, and this general approach has been the subject of rich deliberation in recent years 
across the sciences and social sciences. As Czarniawska (1997) notes, “while scientific 
knowledge is contained in and transmitted by scientific texts, everyday knowledge is circulated 
in stories – thus one can speak of narrative knowledge,” (p. 7). As it relates to climate change in 
particular, a growing literature supports the hypothesis that stories and narratives are useful in 
communicating facts and shaping attitudes about climate change among the public (Gustafson et 
al., 2020; Morris et al., 2019; Rickard et al., 2021, Wong-Parodi & Feygina 2021, Bloomfield & 
Manktelow 2021). In contrast, the majority of high quality, comprehensive climate data, such as 
IPCC reports, the National Climate Assessment (NCA), and other sources, are presented in 
highly technical formats relying on statistical data. [NOTE: Given the lack of consensus on the 
difference between stories and narratives, we will use the term narrative here to encompass a 
broad range of communication forms aimed at non-scientific audiences.]   
 
Building on work by Garrison (2021) and others (e.g. Myers et al. 2012, Dahlstrom, 2014, van 
der Liden et al. 2015), we also hypothesize that the narratives inherent to scenario planning have 
great potential value for planning for climate change related issues because narratives provide a 
sense of “narrative transportation” (Green & Brock, 2000, Green & Brock 2002) in which 
readers are “transported” or “immersed” in a story, leading to a lowering of negative reactions 
and opening the reader to being persuaded by the content of the narrative. From the perspective 
of cognitive psychology, this can be explained by the fact that humans process information in 
two ways: analytically and experientially. (Epstein et al. 1996, Evans, 2008; Kahneman & 
Tversky, 1979; Sloman, 1996, Marx et al. 2007). Analytical processing is a higher level of 
formalized processing that allows for abstract, rational, and deliberative analysis and synthesis of 
cognitive inputs such as quantitative measurements and other constructed concepts. Experiential 
processing, by contrast, is more closely tied to personal experience and emotion (Marx et al. 
2007, Slovic et al. 2004, Loewenstein et al. 2001). Scenario planning and the narratives that are 
central to it can be a way to increase stakeholder engagement with climate change related 
information even when it runs counter to stakeholders’ existing attitudes (Howarth 2017). 
 
Relatedly, one common feature that most successful scenario planning attempts share is the 
consideration for emotional investment from stakeholders (McPhearson et al. 2016, Pereira et al. 
2018, Raudsepp-Hearne et al 2020). Addressing climate change at the local level requires 
communication between scientists and resource managers, political support, and a clear vision of 
the future. By encouraging collaboration and creativity, and motivating stakeholders around a 
common goal, scenario planning helps manufacture the conditions under which climate change 
can be addressed (McPhearson et al. 2016).  
 

Why Integrate Climate Information into Scenario Planning? 
 
In our 2019 survey of planning practitioners across the U.S., one of the most striking findings 
was that while 63 percent of respondents felt that climate change was among the most urgent 
issues facing their locality, only 19 percent felt that they have adequate scientific knowledge in 
their organization to assess future risks from climate change and effectively communicate it to 
the public and elected officials. This suggests a clear need for better scientific training and 
education of planners related to climate science, more resources to help planners find and use 
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cutting edge climate data (Finn et al. 2022), and the development of more and better tools for 
integrating climate science into planning processes.  
 
While the facts of climate change are based on science, general scientific descriptions of climate 
change alone, such as “1 degree of warming over the next 20 years in this region” or “18 inches 
of sea level rise in this location,” are insufficient for most people to understand the consequences 
of these changes to the earth system. By combining scientific data with stories about the 
implications of those data within a scenario planning context, a richer and more useful set of 
information can be presented to elected officials or the public to facilitate conversations about 
possible courses of action to address the threats posed by such changes. Moreover, because 
climate change is such a complex scientific problem, scenarios can help distill the underlying 
science and key impacts into easily digestible packets of information useful for decision making. 
Additionally, scenario planning is a flexible framework. Integrating both quantitative and 
qualitative inputs is among its foundational characteristics, making scenario planning well suited 
to planning for climate change, and allowing practitioners to envision multiple futures while 
facilitating the integration of a variety of information, methods and approaches that fit the 
geographic, resource, and problem context (Chermack et al 2001, Star et al. 2016). 
 

Planning Scenarios and Climate Scenarios: A Note About Terminology 
 
It is worth noting here that climate scientists also use the term “scenario” and although it is 
related to the term used by those engaged in scenario planning, they are not precisely the same. 
This has the potential to create confusion when attempting to integrate the two fields. While 
Chermack et al. (2001) among others have noted that scenario planning is a fuzzy concept 
lacking “crisp definitions that capture the true meaning” (p.8), there is nonetheless broad 
agreement that scenarios in this context are partially or exclusively descriptions of some future 
point in time. While such scenarios may also include descriptions of key events (e.g., new 
policies, demographic changes, disaster events, etc.) in previous timesteps that have contributed 
to the realization of the end-state scenario (Amer et al. 2013,  Bishop et al. 2007), the focus is 
typically on the end-state. This allows planners to work with stakeholders to assess the 
desirability or undesirability of various future scenarios, employ a backcasting approach to 
understand how the various futures emerged, and then develop strategies to help achieve 
desirable futures and avoid undesirable ones. Additionally, and critically, as Chermack and 
Lynham (2002) note, future scenarios need only be “a description of a possible or probable 
future” (Bloom and Menefee 1994) with “an internally consistent view of what the future might 
turn out to be—not a forecast, but one possible future outcome” (Porter, 1985, p. 63). Rather 
than focusing rigorous science as their underlying rationale, these types of scenarios instead 
prioritize persuasiveness and ability to engender robust deliberation by providing “an 
imaginative leap into the future” (Collyns 1994). 
 
In climate science, scenarios have a slightly different meaning. Climate modelers use the term 
“scenario” to describe sets of factors that, if realized in the future, will drive climate change. In 
fact, use of these scenarios is so common that climate scientists have developed a common set of 
scenarios used in most modeling efforts to allow for consistency across the efforts. Shared 
Socioeconomic Pathways (SSPs) are “bundles” of socioeconomic factors at specific levels (e.g., 
technological advancements, policies, land use patterns, population patterns) that summarize sets 
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(or pathways) of societal decisions and actions. In practice, SSPs could be combined with 
complementary Representative Concentration Pathways (RCPs), which summarize the climate 
“forcings,” such as the amount of greenhouse gas in the atmosphere or the albedo of the Earth’s 
surface, that drive changes in the climate system. However, these RCPs are typically used 
separately as scenarios themselves. Whether using RCPs or SSPs, climate models use these 
“scenarios” as inputs to calculate “projections,” which are descriptions of the climate system in 
the future (typically the year 2100) where the socioeconomic pathways and climate forcings 
summarized in SSPs/RCPs are extrapolated into the future.  
 
As distinguished from the use of the term in scenario planning, climate scenarios focus more on 
the pre-conditions that create a future climatic state (known as the climate projection), whereas 
scenario planning uses the term scenario to describe the end-state itself. Obviously, with 
additional analysis, climate projections can be used as the basis to develop the kinds of 
“scenarios” of use to scenario planning practitioners, using a combination of SSPs, climate 
projections, and impact analysis of the climate projection. While there is clearly some overlap 
between the definition of scenarios used by climate scientists and the definition used by scenario 
planners, perhaps the most important distinction is that climate scenarios are scientifically 
consistent while planning scenarios can be useful even absent a grounding in quantifiable data. 
 
To summarize (see Figure 1), scenario planners develop future “scenarios” and use those to look 
backwards and unpack the causal mechanisms that drove society to those futures, seeking to help 
steer societal decisions and actions toward more desirable futures. Climate scientists, to broadly 
oversimplify, have a slightly different goal and thus a different approach. Since they are 
concerned, at least primarily, with understanding effects of decisions, they have developed 
mutually-agreed-upon “scenarios” that are bundles of decisions and associated implications. 
These are used as inputs to climate models, which then create projections of future conditions 
that are scientifically valid given the inputs (i.e., scenarios). To oversimplify again, the goal is 
for all of the various climate models to converge on the same future projections (i.e., scientific 
consensus) given the same input scenarios. While this would imply that certain scenarios 
(bundles of inputs) have more sustainable outcomes for society, this is a secondary concern, with 
the primary concern being to develop a scientifically valid set of future projections. The 
distinction between climate scenarios as scientists use the term and those used in scenario 
planning is worth understanding because both are important, and any attempt at integration of 
climate science into scenario planning will need to carefully articulate the distinctions or develop 
new nomenclature to avoid confusion.   
 
 
 
 
 
 
 
 
 
 



Page 13 

Figure 1: Distinguishing between the use of the term “scenario” in scenario planning versus 
climate science. 

 
Source: Authors 
 

Urban Scenario Planning and Climate Science: Recent Efforts at Integration 
 
The use of scenario planning in climate related decision making is growing (Star et al. 2016, 
Abou Jaoude 2022). For instance, a group of researchers from Arizona State University used a 
unique scenario framework in the Central Arizona - Phoenix region, gathering academics and 
practitioners to develop potential futures to think about the long-term regional challenges posed 
by climate change (Iwaniec et al. 2020). They focused on drought, heat waves, flooding, and 
population growth, contrasting a baseline 'strategic' scenario founded in current legislation and 
practices with 'adaptive' scenarios focused on optimistic plausibility and 'transformative' 
scenarios based in chiefly desirable and often radical outcomes. Using regional climate models, 
they quantified the climatic and environmental impacts of these scenarios and evaluated the 
success of and trade-offs between each scenario. The co-produced adaptive and transformative 
scenarios consistently scored higher on participants’ assessments of scenario quality than the 
baseline strategic scenario.  
 
In another example, scientists at the University of Wisconsin used scenario planning to develop 
potential futures for the changing and vulnerable Yahara watershed (Carpenter et al. 2015.) Their 
focus was on understanding how different intensities and types of human intervention could 
change the future of the watershed, either in favor of resilience or against it. Through co-
production with local stakeholders and community members, they created four plausible futures 
representing the baseline of current environmental trends, technological advancement, 
government intervention, and sustainable values. These scenarios were presented using narration 
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and illustration to create provocative and relevant visions of the watershed’s future that can now 
be used to model the changing relationships between land use and environmental systems in the 
watershed.  
 
While the use of scenario planning began in business and military contexts before later being 
adopted by urban planners, similar approaches have also been increasingly recognized by 
physical scientists seeking to make their own work more relevant for decision-making and 
policy. One approach that appears particularly relevant for urban planning is the storyline 
method, which has emerged in the last decade or so as a way to contextualize and personalize the 
effects of climate change. The storyline method typically involves modeling well-known extreme 
weather events under different plausible climate futures (Shepherd et al. 2018) in order to 
illustrate the different ways in which the event could have unfolded. By illustrating potential 
climate conditions in different future scenarios and then contextualizing those changes within the 
framework of a familiar and catastrophic weather event, climate change becomes tangible, 
personal, and immediate, facilitating “framing of risk in an event-oriented rather than a 
probabilistic manner, which corresponds more directly to how people perceive and respond to 
risk,” (Shepherd et al. 2018, p. 555). 
 
The storyline approach mirrors many of the underlying precepts of scenario planning and is 
highly applicable for using climate science in a planning context, using historical events as 
inputs to scenarios to facilitate questions like, “have we seen this before; and if so, what might 
the next event be like?” (Shepherd et al 2018, p. 560). Stakeholders thus “see” the increased 
intensity of an extreme event (i.e., accumulated rainfall amounts) that communities have already 
experienced but which will be made more impactful in the future by climate change. In addition 
to quantitative and spatial characteristics of changing climates and extreme events, storylines can 
also integrate localized impact analysis and social vulnerability assessment (Cutter et al. 2003). 
 
At their core, scenarios and storylines are about the same thing – harnessing uncertainty and 
transforming it into action. Both aim to look ahead into the highly uncertain future; both aim to 
offer concrete consequences for actions taken or not taken, and both provide practitioners with 
something tangible to plan for. This similarity makes them compatible to inform one another and 
even to be used in tandem. Although storylines do not rely on participatory co-production the 
way that scenario planning does, they can easily become a resource for scenario planners. Using 
a storyline of an extreme storm to inform the future scenario in which a community is adapted to 
such a risk could help communities build robust resilience that will protect them under increasing 
degrees of warming.  
 

New Tools for Using Climate Data in Scenario Planning  
 
Drawing on lessons from the storyline approach to climate science and the narrative approach to 
climate communication, it is possible to create new tools for scenario planning. These tools can 
help planners bring climate science and climate change information into the planning process by 
addressing the three challenges of communication, usability, and scale identified previously. The 
approaches aim to employ climate science in ways that are more useful for scenario planning by 
making them more immediate and comprehensible to end users such as the public, key 
stakeholders, and elected officials. In order to address challenges of communication, we simplify 
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climate information using tools including GIS Dashboards (for displaying quantitative 
information), Storyboards (a graphical tool for displaying quantitative and qualitative 
information), and GIS Storymaps (to engage narrative approaches) (see Figure 2). GIS 
technology is relatively ubiquitous in planning practice and therefore a useful tool for scenario 
planning, and acts as a tool for translation of more complex climatological data into spatial 
information, which helps to address the usability gap. Finally, to overcome the scale challenge, 
we employ the storyline approach and narrow our analytical focus from the regional climate to 
individual past extreme events (specifically hurricanes). 
 
 
Figure 2: Conceptual approach to developing scenario planning tools using climate data. 

 

Source: Authors 
 
Downscaling global climate model data in order to describe a community’s future climate in 
general terms requires significant resources in time, computing power, and technical expertise, 
and yet still results in highly uncertain climate projections. While there is a need to find ways to 
integrate climate data of all kinds into local planning, we focus here on extreme events using a 
storyline approach. As stated in the Third National Climate Assessment (NCA), “changes in 
extreme weather events are the primary way that most people experience climate change” 
(Melillo et al. 2014). In this sense, the characteristics of extreme weather are key indicators of 
local climate change impacts. Because these events have such large economic and social costs, 
understanding potential changes in the intensity and structure of extreme weather events (e.g., 
hurricanes) is crucial for climate change mitigation and adaptation planning. While it is possible 
for climate scientists to create projections for many kinds of extreme events from snowfalls to 
heat waves and others, for this project we focus on tropical cyclones or hurricanes and their 
associated rainfall. In this way scenario planning processes can focus on an extreme event as a 
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boundary object (Star & Griesemer 1989) which allows for nuanced debate and conversation 
across stakeholder groups. 
 
Drawing on the storyline approach to climate science, we build stories about past hurricanes that 
a locality has actually experienced. For this exercise we use Hurricane Irene, which struck the 
eastern United States in October of 2011. Using the hindcast attribution methodology developed 
by the Climate Extremes Modeling Group at Stony Brook University (Reed at al. 2020; Reed et 
al. 2021) we quantify climate change impacts to Hurricane Irene using variable high-resolution 
configurations of the Community Atmosphere Model (CAM-VR), generating simulations of the 
actual storm as well as the same storm with forcings perturbed by climate change (i.e., a warmer 
climate). Rainfall outputs under various forcing scenarios are generated for hourly and total time 
steps for the duration of the storm. A suite of tools (see below) is provided in order to use these 
projections in scenario planning processes. The underlying rationale is that this approach can 
help engage stakeholders in both analytical and experiential processing, with the associated 
benefits outlined above. Having experienced Irene first-hand, our hypothesis is that stakeholders 
will be able to draw upon that experience to develop a better understanding of how the storm 
would affect their locality if it were to occur tomorrow but in a more intense form.  
 
Climate model outputs of the storm, generated in NetCDF format, are natively supported in 
ArcGIS, but must be converted to raster layers. After conversion, the model projections can be 
utilized in a variety of ways for various scenario planning exercises. We recommend the use of 
three distinct modes to illustrate the differences between the actual storm experienced by 
stakeholders in 2011 and possible future storms occurring in a warmer world. First, quantitative 
technical data is portrayed in an ArcGIS Dashboard to illustrate quantitative geographic and 
temporal differences between actual and counterfactual storms. Two dimensional maps of the 
storm rainfields, as well as various types of quantitative comparative and impact data can also be 
provided. This approach provides many potential benefits. Since ArcGIS Dashboards are now 
easily generated from within the ArcGIS environment, they are well suited to contexts like 
planning offices and planning firms, where most scenario planning processes happen. Because 
Dashboards are designed for real-time analysis, such as monitoring infrastructure conditions, this 
approach lends itself to building storylines of (actual and synthetic) storms given their inherent 
temporal capabilities. Dashboards are also useful for scenario planning because they are 
explicitly designed to combine and compare various types in data and information in a single 
interface, allowing for “real-time” analysis of social, environmental, economic, infrastructural, 
and other impacts across the lifecycle of a given extreme event (see Figure 3).   
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Figure 3: Storyline dashboard comparing synthetic and actual storms (based on Hurricane 
Irene from October, 2011) 

 
Source: Authors 
 
Storyboards, now a common tool employed by Hollywood film directors, were developed by the 
Walt Disney Company in the 1930s. Storyboards are linear collections of visuals used to 
construct the overall narrative of a film using visuals. Essentially, storyboards are organizational 
tools that allow filmmakers to break down the film’s overall narrative into coherent sub-parts 
while still retaining its structure and cohesion as an easily comprehensible single work. We use 
the term Storyboard in a similar manner. Climate Storyboards are a type of narrative 
visualization (Fish 2020) for relaying an extreme event storyline. Storyboards provide a simple, 
straightforward structure to communicate the salient elements of past storms in a graphical and 
streamlined manner that removes some of the complexity from scientific climate assessments 
while maintaining the scientific rigor of the underlying data. Climate Storyboards combine 
various types of outputs illustrating the impacts of the real and synthetic extreme events (e.g., 
photos, maps, tables, graphs, text, etc.) in order to construct a compelling storyline. Thus, while 
more narratively structured than a Dashboard, the Storyboard approach nevertheless combines 
elements of scientific analysis and narrative in an accessible format (see Figure 4).  
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Figure 4: Storyboards combine various types of information (e.g., maps, tables, images, 
text) including model outputs and other data sources to tell a narrative story about the 
impacts of climate change on extreme events. 

 
Source: Authors 
 
Finally, Climate Storybooks provide the most narratively driven approach to extreme event-
based scenario planning. Like Dashboards and Storyboards, Climate Storybooks begin with past 
extreme events but focus on the lived experience of individual citizens and how climate change 
will affect their daily lives, told through fictional “stories” of how the future might play out (Van 
Der Heijden 1996). Storybooks use maps, renderings, text, audio, video, and other tools to tell a 
compelling story that is “vivid and different, can be told easily, and plausibly capture future 
transformation,” (Peterson et al 2003) though not necessarily tied to specific probabilistic 
forecasts. As of the date of this report, a prototype Storybook is still in development. 
 

Conclusion 
 
The integration of climate data into scenario planning is an important next step in helping local 
planning practitioners more usefully engage with the public around questions of how to address 
local challenges of climate change mitigation and adaptation. Climate scientists have 
increasingly recognized the need for more user-friendly science products that can be used in the 
service of public policy and decision making. And the planning profession has made great strides 
in integrating data from diverse sources into its analytical processes. But there are nonetheless a 
handful of challenges that remain, which we summarize as the communication gap, the usability 
gap, and a mismatch of scale that prevent the rapid uptake of climate data for localized decision-
making. Drawing on emergent concepts from climate science, including the storyline approach 
as well as research in climate communication around the utility of narrative, we are working to 
build compelling narratives that help illustrate the localized effects of climate change. This 
approach also harnesses cutting-edge climate science data in the form of extreme event 
projections based on prior real-world events as the basis for the development of these narratives 
and associated planning tools. We anticipate that these tools can help generate more useful 
discussions at the local level about the risks a community faces from climate change and the 
inherent vulnerabilities related to those risks.  
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