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Abstract
Climate change affects tourism destinations, but little is known about its effect on tourist activities.
Climate adaptation practices can benefit from sourcing more specific information on potential
impacts. The main goal of this article is to determine how the RCP-SSP-SPA scenario framework
can help to design tourism destination scenarios with respect to climate change. A three-fold
analysis is used including a content analysis on previous RCP-SSP application, an integrative
literature review leading towards developing an RCP-SSP specific tourism scenario framework, and
a case study testing this framework in practice. The analysis showed that the RCP-SSP framework
can be a valuable addition to current adaptation planning when integrated with current tourism
adaptation frameworks. This integration adds a systematic understanding of climate impacts on
tourism and is a source for bridging the science-policy gap between climate data and destination
decision-making. The new framework can support policymakers and tourism researchers in
decreasing uncertainty around climate change impacts on tourism destinations.
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1. Introduction
Tourism is one of the fastest growing industries in the world (GlobalRescue & WTTC, 2019;
UNWTO, 2018) and has meanwhile become a vital part of European lifestyles. With increasing
urbanisation and technological development, the pull-factor of nature-based destinations has
increased as it offers the rewinding balance to fast-paced urban lifestyles (Balmford et al., 2009).
Weather and climate are considered key resources for tourism activities outdoors (Cooper, 2013;
De Freitas, Scott, & McBoyle, 2008) which makes these destinations especially vulnerable to climate
change (Hamilton, Maddison, & Tol, 2005). The sensitivity of a tourism destination to changes in
climate depends on its reliance on those natural resources affected by climate change (Verbos,
Altschuler, & Brownlee, 2018). Next to flora and fauna, also thermal comfort, precipitation level,
wind and sunshine (Amelung & Viner, 2006) are considered main parameters to determine a
destination’s climatic attractiveness. While the awareness of climate change amongst local tourism
stakeholders is rather low (Scott & Becken, 2010), researchers warn that climate change increasingly
threatens the attractiveness of destinations and along with that their economic and social stability
(Jarratt & Davies, 2019; Scott, Hall, & Gössling, 2016). Not considering climate change in tourism
development pathways can therefore lead to impacts of non-expected dimension for safety,
tourism economy and biodiversity (GlobalRescue & WTTC, 2019).
There is no single best approach for reducing risks across all destinations (IPCC, 2014), which
constitutes a need for tools that can analyse threats and support risk reduction based on local
circumstances. When tourism destination managers can anticipate possible changes, they are
empowered to make effective decisions on how to adapt (Bhandari, Cooper, & Ruhanen, 2016).
Recently, anticipatory governance and foresight processes have gained increasing importance in
policy making (Muiderman, Gupta, Vervoort, & Biermann, in press; Vervoort & Gupta, 2018). In
tourism destinations, questions such as ‘how do changes in the bio-physical and socio-economic
environment of the destination impact tourism activity?’ and ‘How can tourism development
policies be designed to alleviate the effect?’ may be asked. Contemporary frameworks for
destination adaptation focus on the iterative political, organisational and communicative
mechanisms needed to establish a common goal (Jopp, DeLacy, & Mair, 2010). However, they
miss out on a systematic approach of including scientific research into their decision making.
Scenario analysis became a widely used approach within anticipatory governance to structure
information and investigate alternative scenarios on the effect that disruptive environmental change
can have on organisations. Projections in scenario studies can then be used to inspire and guide
policy pathways for risk reduction in the future (Goodwin & Wright, 2014; Page, Yeoman, Connell,
& Greenwood, 2010; Riahi et al., 2017; Vervoort & Gupta, 2018).
Scenario studies on tourism and climate change have been conducted before. Those studies can be
broadly categorized in two groups, they focus either on selected indicators in climate modelling
(Amelung & Viner, 2006; P. Peeters & Dubois, 2010; Steiger, 2012)or priorities outlined in
stakeholder workshops (Page et al., 2010). While both groups of studies generate valuable
information for the destinations, there is yet little attention payed to the systematic interrelations
of tourism and its environmental, social, and economic drivers. In fact, no established approach
was found that describes destination scenarios that account for the complexity in tourism systems
and climate change impacts upon them.
Recently, a group of researchers has developed a new scenario matrix approach that aims to
describes global climate change impacts in its complexity (O’Neill et al., 2014). The RCP-SSP
framework combines climate change impact models, based on the representative concentration
pathways (RCPs), with shared socio-economic pathways (SSP), which are composed of a great
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variety of possible socio-economic drivers (Riahi et al., 2017). The RCP cover four possible
dimensions of climate forcing including different greenhouse gas emissions (GHG) while the SSP
cover five dimensions of possible socio-economic developments (Riahi et al., 2017). The RCP-SSP
framework has been diversely applied to design energy and land-use scenarios by projecting for
example biodiversity change (Nunez, Alkemade, Kok, & Leemans, 2020), water availability (Singh
& Kumar, 2019), impacts caused by sea-level rise (Nishiura et al., 2020), health impacts (Lee, Kim,
Lee, Chae, & Kim, 2018)as well as economic losses (Chen, Liu, Zhang, Hope, & Crabbe, 2019) and
emission levels(Tong et al., 2020). Its integrated functionality can have great potential to define
systematic tourism scenarios under climate change.
The research objectives of this study were to: (1) determine the applicability of RCP-SSP scenario
framework for projecting climate change impacts on tourism destinations; and, (2) to identify and
design a RCP-SSP scenario framework for tourism destinations. The goal of this new RCP-SSP
scenario framework for tourism is to systematically study the scope of effects that global climate
change impacts (RCP) and socio-economic pathways (SSP) have on individual tourism
destinations. The new scenario approach aims to facilitate improved integrated assessments of
potential climate change impacts on tourism destinations by making climate research accessible
and applicable on a local level. Eventually, the framework aims to serve as a scientific information
source for policy adaptation practices. With the model, tourism destination managers are supported
in testing the robustness of their tourism system to climate change and prepare adaptation measures
for vulnerability reduction and crisis readiness accordingly.
Therefore, the general research question of this study states: “How can the RCP-SSP framework
be used to determine tourism destination scenarios with respect to climate change impacts?”. To
answer this questions, three secondary research questions were formulated:

Research GRQ: How can the RCP-SSP framework be used to determine tourism
Questions destination scenarios with respect to climate change impacts?
SRQ1: How has the RCP-SSP framework been applied to sectors and locations?
SRQ2: How can the RCP-SSP framework be transformed to apply to tourism
destinations?
SRQ3: How can the transformed RCP-SSP framework for tourism be applied to
the case study Harz?

The thesis is structured into eight chapters as follows. This chapter introduced the current
knowledge gap around tourism and climate change and the research proposed to approach this
gap. Chapter 2 will elaborate on the current state of research on tourism and climate change and
will introduce the concepts of anticipatory governance and scenario analysis, respectively.
Challenges and knowledge gabs in current tourism futures research set the starting point for the
development of a new scenario framework. Chapter 3 will form the methodology part and explain
how each research question is translated into the three main research steps: the content analysis on
previous applications of the RCP-SSP framework, the theoretical development of the new tourism
scenario framework and the Harz case study applying the new framework. Chapters 4 – 6 constitute
the results section. Chapter 4 summarizes the results of the content analysis and its lessons for
applying the RCP-SSP framework to tourism. Chapter 5 is the core of the paper and discusses the
development of the new RCP-SSP tourism scenario framework. Chapter 6 describes the case study
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Harz which applies the new framework and discusses its methodological challenges and
uncertainties. Chapter 7 then discusses the new framework under the line of study goal, its
limitations and its implications for tourism research and destination adaptation. Finally, Chapter 8
will present final conclusions and recommendations on further research.

2. Literature Review and Conceptual framework
Most outdoor tourism is highly dependent on climatic factors such as weather and natural
environments, which makes it potentially vulnerable to climate change. The dependence of tourism
on climate was first emphasized in the 1980s (Gössling & Scott, 2012; McBoyle & Wall, 1987).
Since then, much research has been conducted on how significant changes in the long-term average
weather patterns and shifts in the climatic characteristics of a region affect tourism activity (Dwyer,
Edwards, Mistilis, Roman, & Scott, 2009). Local tourism experiences are built upon a set of unique
resources to whose quality climate change adds or distracts (Priskin, 2001). Research found that
changes to climate conditions can stress local tourism systems which offer activities dependent on
seasonal weather conditions and natural assets, such as wildlife and vegetation (Becken, 2013). In
fact, biophysical changes already consciously and unconsciously influence investment, planning
and operations in tourism today (Gössling & Scott, 2018).
International institutions have recognized the special role of tourism in the response to climate
change. Tourism is often used as an economic incentive to sustain ecosystems, conserve
biodiversity and strengthen the resilience of natural landscapes to climate change, ensuring a longterm sustainable use of environmental resources (UNWTO, 2007). Were climate change
deteriorates destination attractiveness as a result of reduction in wildlife, loss of species and water
stress, tourism demand has dropped (Scott et al., 2016) and therefore also the economic incentive
to sustain the ecosystem. Consequently, a destination’s possibility to “manage risks, adjust
economic activity to reduce vulnerability and improve business certainty” (Jopp et al., 2010, p. 592)
depends on its ability to design appropriate long-term adaptation strategies for favourable and
unfavourable climatic stimuli (Jopp et al., 2010; Pelling, 2010).
On a destination level, however, the perceived importance of climate change impacts by
stakeholders is yet low (Jopp et al., 2010; Scott & Becken, 2010). Adaptation has long been no
priority for tourism destinations as their adaptive capacity has been traditionally considered high
(Scott & Becken, 2010). However, recent studies on climate change impacts show that degradation
on core natural assets and limited diversification opportunities create a new level of impact on
destinations that current ad-hoc adaptation measures may not hold up to (Scott et al., 2016).
The general lack of awareness amongst stakeholders was found to be partly due to their little
understanding of what climate change entails and how it may impact their business (Espiner &
Becken, 2014). Only recently, research on climate adaptation in the tourism sector took off and
adaptation knowledge and activities in tourism lack behind most other highly affected sectors (Jopp
et al., 2010). Uncertainty about the adaptive capacity of tour operators and the incompatibility of
most business plans with climate change considerations make destinations unaware of the
consequences climate change may have on their business (Scott, Hall, & Stefan, 2012). This
observation matches with Gössling and Scott (2018)’s finding that whenever business-as-usual is
at risk, the cognitive denial, and the belief that technological solutions will make behavioural change
redundant, harden. This cognitive denial impedes long-term planning for adaptation and resilience.
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Instead ad-hoc and short-term technical adaptations, business management adaptations (e.g.
changes in marketing, pricing, market diversification) and behavioural adaptations (such as
adjusting clothing, changing activities and time of visit) can be observed (Jopp et al., 2010). While
flexible adaptation is necessary, reactive adaptation may not suffice to make tourism business and
conservation resilient to climate change impacts.
In fact, long-term strategic planning is uncommon for regional tourism businesses and often highly
dependent on policy regulations (Matzarakis et al., 2009). Tourism leaders amplify the need for
governments to guide adaptation, aid stakeholder cooperation and reduce business risk by
implementing a common approach (Gössling & Scott, 2018; Scott et al., 2016). To overcome
adaptation constraints such as limited financial and human resouces, little integration and
cooperation between actors, and scarce research and monitoring capabilities, tourism businesses
and governments need to work hand in hand (IPCC, 2014; Scott & Becken, 2010).
Although international regulation aims to integrate climate change consideration into mainstream
policy making (Tanner, Zaman, Acharya, Gogoi, & Bahadur, 2019) tourism policy shows yet little
influence from climate policies (Becken, Whittlesea, Loehr, & Scott, 2020). The knowledge of
regional impacts and vulnerability to climate change is limited and the challenge to measure tourism
impacts make it difficult for tourism policy makers to respond (Jopp et al., 2010; Scott & Becken,
2010). In fact, the UNWTO guiding principles for effective tourism policy (UNWTO, 2019) do
not explicitly mention adaptation to possible climate change impacts (Box 2.1). Researchers agree
on the fact that tourism and climate policy need to become more integrated, communication
between responsible actors needs to be facilitated, and academic climate research consulted.
However, those suggested activities are yet too unspecific to be applied on destination level.
Consequently, the science-policy gap on climate change impacts and tourism development
strategies persists (Becken et al., 2020).
Box 2.1 Guiding principles for effective tourism policy

Guiding principles for effective tourism policy (UNWTO, 2019)
In 2019, the UNWTO composed a position paper on tourism policy and strategy. It summarizes
best practices and intends to be used as a checklist for tourism policy makers. Policy objectives
can address demand, supply, investment and finance, employment, sustainability, inclusive
growth or increased competitiveness. In any way, the policy is defined to be effective if it
enhances the competitiveness of a country’s tourism sector. To facilitate effectiveness, tourism
policy should fulfil the following criteria:
1. Tourism objectives align with national objectives (economic, social, environmental,
cultural),
2. Defined roles of government, public and private actors, including their vertical and
horizontal models of cooperation,
3. Contributes to the Sustainable Development Goals,
4. Contributes to social, environmental, and cultural sustainability at the destination,
5. Includes implementation and monitoring mechanisms,
6. Roadmap for stakeholder engagement over time,
7. Defined projects for further development,
8. Key Performance Indicators and their measuring mechanism.

7

Current knowledge on Destination Adaptation
With increasing amount of extreme weather events and droughts, the scientific attention on
developing adaptive strategies in academia has increased (Nacipucha, Ruhanen, & Cooper, 2017).
In a tourism destination context, climate adaptation can be defined as “strengths and ability of
institutions, systems and networks to learn, store knowledge and experience; and access
information, expertise and social networks”(Nacipucha et al., 2017, p. 423). Generally speaking,
the ability of a tourism destination to adapt depends on its ability to learn which in turn depends
on the creating and transferability of knowledge between science and destination managers as well
as between destinations (Nacipucha et al., 2017).
Tourism destinations were found to engage with climate adaptation when they have access to userfriendly tools with provide complex information in an easy and accessible way (Nacipucha et al.,
2017). With that in mind, Jopp et al. (2010) developed a regional tourism adaptation framework
that assesses the vulnerability, resilience and adaptability of destinations using stakeholder
knowledge. However, the framework does not describe how destination managers and policy
makers can access scientific climate information that are understandable and useable for action
(Brasseur & Gallardo, 2016).
Beyond the access to information, research highlights the importance of continuous and collective
learning in adaptation. Timely adjustments enable destinations to fluently respond and capitalize
on environmental change (Bhandari et al., 2016). Tourism stakeholders see governments or
destination management organisations (DMO) in the responsibility to decrease risks to the
industry, transfer climate change knowledge into organisational learning and lead adaptation
practices (Bhandari et al., 2016; Nacipucha et al., 2017). A type of governmental response to this
demand is anticipatory governance.

Anticipatory governance
Anticipatory governance is defined as governing in the present to adapt to or shape the future
(Boyd, Nykvist, Borgström, & Stacewicz, 2015; Muiderman et al., in press; Vervoort & Gupta,
2018). The term can be used to summarize all policy planning approaches that include developing
strategies which match short-term decision making with long-term policy visions. In times of
accelerated ecosystem change with potentially disruptive societal consequences, imagining and
governing climate futures became a key research area in sustainability research.
When looking at climate resilience and sustainability sciences, anticipatory governance has been
recognized as a way to prevent risks and shape future opportunities (Muiderman et al., in press).
Herby, reducing scientific uncertainty and complexity is considered important (Boyd et al., 2015;
Muiderman et al., in press). In the attempt to structure available data on plausible and desirable
futures, mostly a scenario approach is consulted (Vervoort & Gupta, 2018). Applying anticipatory
governance thinking to tourism destination development can help to bridge the gap between
academic knowledge on the tourism-climate nexus and tourism destination planning, and scenarios
can help to do so.
Foresight processes, such as scenarios, are designed to be integrated with ongoing policy making
and strategy development. While the scientific forecasting is important in understanding climate
change impacts, participatory elements in forecasting give scenarios a stronger link with policy
objectives and reduce the science-policy gap on climate change knowledge (Vervoort & Gupta,
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2018). Therefore, in such case, where scientific research and stakeholder practices are yet little
integrated, scenario approaches can be consulted to translate information and bridge the gap. In
fact, also in tourism academia scenario making has been found a useful tool to simplify complex
scientific data and uncertainties by visualizing it with stories about the future (Gössling & Scott,
2012). Thus, scenarios can be a useful tool to organize climate and tourism projection data,
visualize the impact of various drivers and investigate future tourism-climate interrelations as an
input for destination governance.
To integrate scenario knowledge into policy making, a policy stress test can be useful. Through a
policy stress test, those destination development policies can be tested within each of the scenarios
to give specific recommendations to policy makers on how eligible current polices are and what
different aspect may need to be considered. Goodwin and Wright (2014) present a matrix for
testing the robustness of strategies against scenarios in which they estimate the fit of each strategy
in each scenario and suggest a new strategy that compensates for misfits (Figure 5.4). The stress
test is not directly related to the scenario making process, however, a useful addition to facilitate
scenario uptake in adaptation planning.

Figure 5.4 Strategy Stress test (Goodwin &
Wright, 2014)

Scenario Making Analysis
In the history of scenario analysis, there have been three main scenario construction
methodologies: prospective scenarios, extreme-worlds scenarios and driving-forces scenarios
(Moriarty, 2012). Prospective scenario making is the oldest approach of the three and focuses
mainly on mathematical programming of future probabilities. The extreme-world and drivingforces approaches, on the other hand, are participatory and focus on the indicators perceived most
impactful and are therefore often more effective to be applied in decision-making. Whilst the
former presents the two hypothetical extreme bounds of uncertainty, the latter is based on the
assumption that a variety of specific external factors continues to shape the future (ibid). To date,
the driving forces approach receives most attention in tourism as it is the most flexible in including
various factors of complex systems and therefore presents a more holistic future perspective
(Postma, 2015).
In that sense, driving force scenarios are often used as a risk management tool for organisations to
test strategies and decisions against possible futures by focusing on the most uncertain factors
(Duinker & Greig, 2007) and presenting alternative future images to increase awareness (Moriarty,
2012). In contrary to prospective scenarios, they do not aim to answer the question of what is most
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likely to occur, but what consequences and appropriate responses there are under different
circumstances (Duinker & Greig, 2007). Therefore, driving-force scenario analysis is not used to
predict the future, but has its strength in challenging singular approaches, avoid bias and identify
the impacts of various future pathways (Moriarty, 2012).
However, the flexibility in selecting driving forces also means that the method is prone to bias. The
great number and diversity of tourism actors entails different interpretations of what the most
important driving forces are and what needs to be done with them. While different interpretations
co-exist, negotiations may lead to using the frame held by the most powerful actors instead of the
frame most widely shared amongst stakeholders (Hajer & Versteeg, 2005). In any case, eventually
one frame is chosen for the analysis. Therefore, scenarios inherently reflect a certain perspective
of the past, present and future (van't Klooster & van Asselt, 2006; Van Notten, Rotmans, Van
Asselt, & Rothman, 2003). Each scenario has a project goal which influences its process design and
this again the scenario content (Van Notten et al., 2003). Therefore, it also depends on the specific
case which drivers are considered suitable in the process design and scenario content to achieve
the project goal. The choice of appropriate drivers is probably the most debated part of scenario
analysis as the analysis needs to be both precise enough to be useful and holistic enough the account
for various environmental, social and economic concerns altogether (Postma, 2015). Especially in
analysis around wicked problems with an infinite number of possible drivers, decisions are difficult
to make. This hampers the ability to compare scenarios created in separate studies and gain new
research insights benefiting the systematic change of destinations under climate change pressure.
To tackle this issue, a group of international researchers recently designed the shared socioeconomic pathways (SSPs). The SSP can be understood as various socio-economic projections
depending on mitigation and adaptation practices. To date, the SSPs are considered „the most
comprehensive set of scenarios for environmental and sustainable development research produced
so-far” (Van Vuuren, Riahi, et al., 2017, p. 148). The benefit of an holistic framework on global
social and economic projections, such as the SSP, is that any study can utalize them to create their
global scenario context. In other words, the framework makes it possible to investigate single case
studies that share global assumptions and can therefore be integrated to a more holistic
understanding of how climate change adaptation and mitigation influences our systems. Therefore,
it can be used as an advanced tool for integrating climate change research into different disciplines
“from the driving forces of climate change to the physical climate system, climate impacts and
adaptation and mitigation strategies” (ibid, p. 148). The approach enables researchers to combine
quantitative projections with qualitative narratives of the future in one holistic framework. In a
scenario matrix approach, the SSPs are combined with climate impact assessments based on
representative concentration pathways (RCPs). Together, they provide a consistent framework
across scales and industries to assess various response strategies to climate change (ibid).
The RCP-SSP Scenario Matrix Framework
The RCP-SSP-SPA Scenario Matrix Framework has been developed for the Intergovernmental
Panel on Climate Change’s Fifths Assessment Report (IPCC, 2014) with the goal to better integrate
bio-physical impacts of climate change (RCP) with socio-economic development pathways (SSP)
and the effect climate policy (SPA) has on those. It focuses on integrating different spatial and
political scales to effectively support adaptation (IPCC, 2014; Kebede et al., 2018). In 2017, a group
of international researchers published several papers in Global Environmental Change (Volume 42)
which extensively review the long-term economic and demographic projections that span the wide
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range of different SSPs and their underlying challenges to mitigate and adapt to climate change.
They claim that, in comparison to previous climate change scenario approaches, such as SRES, the
integrated analysis of future climate impacts, vulnerabilities, adaptation and mitigation make this
approach internally consistent and more genuine (Riahi et al., 2017).
The SSP framework defines five storylines of global socio-economic development that greatly
differ in challenges to mitigate and adapt to climate change (Van Vuuren, Riahi, et al., 2017). Those
are namely: Sustainability – Taking the Green Road (SSP1), Middle of the Road (SSP2), Regional
Rivalry – The Rocky Road (SSP3), Inequality – A Road Divided (SSP4) and Fossil-fuelled
Development - Taking the highway (SSP5)(O’Neill et al., 2017). Applied to the European context,
some combinations of SSPs and RCPs are more plausible than others that would demand more
ambitious mitigation policies (Rohat et al., 2019). Those most plausible combinations are
RCP2.6_SSP1, RCP8.5_SSP3, RCP4.5_SSP4 and RCP8.5_SSP5 (ibid) although ongoing research
strongly suggests that only SSP1 and SSP5 are realistic in a European context1 (Table 2.1). The SSP
constitute the context in which certain emission concentrations according to the representative
concentration pathways (RCP) are achieved. Hereby, it is important to note that the scenarios
project a future irrespective of climate policy developments and also neglect feedback from the
climate system on its key socio-economic drivers are not considered (Riahi et al., 2017).
The original scenario framework, as developed by the IPCC (2014), includes a component of
global shared policy assumptions on climate change policies (SPA). The SPA can be used to
project the impact of global policy decisions on the RCP-SSP scenarios. However, the content
analysis revealed that the SPA are often not considered in studies for two reasons. First, they are
weakly developed for lower spatial scale scenarios and second, non-intervention scenarios are
considered sufficient to describe the possible scope of local impacts.
While global scenarios have become an integral part of preparing for uncertain futures across a
range of major issues, such as economic development (IMF,2020), climate change and ecosystem
change (IPCC, 2014), their insights have not been adopted in tourism futures research yet (Gössling
& Scott, 2012). As part of the global tourism system, each destination is affected by an increasing
number of challenges, including uncertainty about economic development, climate change
mitigation policies, environmental change affecting destination attributes and attractiveness, and
demographic changes (Gössling & Scott, 2012). To respond to those challenges, tools such as
scenario making are needed to systematically understand destinations and their possible futures
(Gössling & Scott, 2012).
Table 2.1 SSP1 and SSP5 Storylines (O’Neill et al., 2017) (detailed narratives in appendix 1)

SSP1

Sustainability – Taking the Green Road (low challenges to mitigation and adaptation)
The world shifts gradually, but pervasively, towards a more sustainable path,
emphasizing more inclusive development that respect perceived environmental
boundaries. Management of the global commons slowly improves, educational and
health investments accelerate the demographic transition, and the emphasis on
economic growth shifts toward a broader emphasis on human well-being. Driven by
an increasing commitment to achieving development goals, inequality is reduced
both across and within countries. Consumption is oriented toward low material
growth and lower resource and energy intensity.

1

No access to underlying research results. Statement based on Interview with Kasper Kok (WUR) in June 2020.
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SSP5

Fossil-fueled Development – Taking the Highway (High challenges to mitigation, low challenges
to adaptation)
This world places increasingly faith in competitive markets, innovation and
participatory societies to produce rapid technological progress and development of
human capital as a path to sustainable development. Global markets are increasingly
integrated. There are also strong investments in health, education, and institutions
to enhance human and social capital. At the same time, the push for economic and
social development is coupled with the exploitations of abundant fossil fuel
resources and the adoption of resource and energy intensive lifestyles around the
world. All the factors lead to a rapid growth of the global economy, while global
population peaks and declines in the 21st century. Local environmental problems like
air pollution are successfully managed. There is faith in the ability to effectively
manage social and ecological systems, including geo-engineering if necessary.

Scenario Making in Tourism
Scenario making is considered an accessible tool for businesses and governmental decision-makers
of approaching uncertainties in the developments of the internal and external environment of the
destination (Duinker & Greig, 2007; Page et al., 2010). Interestingly, there is not yet an established
approach on how to design destination scenarios that account for the complexity in tourism
systems from an academic perspective. In fact, to date most tourism scenarios are based on a
stakeholder-centred approach including interviews and focus groups, neglecting relevant scientific
data from related fields, such as changes in environmental resources or international relations (e.g.
McLennan, Pham, Ruhanen, Ritchie, & Moyle, 2012; Postma, Cavagnaro, & Spruyt, 2017). A
limited number of papers explored the climate change impacts on destinations with respect to
scientific climate data. For example, Amelung and Viner (2006) recalculated the Tourism Climate
Index (TCI) based on a set of climate scenarios (SRES) and Steiger (2012) looked into at
demographic changes in interface with climate model variability (REMO) in skiing industry in the
Austrian Alps. However, scenarios on tourism and climate change are yet missing a common
direction. Postma et al. (2017) outline that climate change has great uncertainties and tourism is,
due to its complex relationships with societal decisions, potentially impacted from many directions
and perspectives. For example, dynamics in consumer demand and knowledge on an international
level impacts tourist flows with local consequences (Moriarty, 2012; Postma et al., 2017). Therefore,
using a model which includes a great scope of impacts bio-physical and socio-economic indicators,
such as the RCP-SSP scenario matrix framework can be helpful to grasp the tourism system’s
complexity and make predictions that contribute to tourism and climate research in a meaningful
way.

Conceptual Framework
The goal of this study is to develop a scenario approach that focuses on the complex relations
between tourism and climate change. Figure 2.2 describes the rationale of this study on how
scenario making can be used as a tool to inform tourism policy to alleviate the impacts of climate
change on the tourism destination’s resources. The goal of the scenario analysis is to determine
various dimensions of bio-physical and socio-economic impacts on tourism resources with the
help of the RCP-SSP framework. Beyond that it considers how current higher-level tourism
12

policies affect the development of the local tourism industry. Together all this information is
used to design two or more alternative scenarios of tourism in the future. Based on those
scenarios, a policy stress test is conducted as an additional analysis step towards informing
anticipatory governance actors. Those actors are eventually responsible for designing destination
adaptation plans that manage climate change impacts.

Figure 2.2 Conceptual Framework

3. Methods
The study consists of three individual parts that build up on each other (Figure 3.1). The first part
is a content analysis which investigates studies which apply the global RCP-SSP framework to
specific industries and locations. The goal with this research step is to identify strategies and lessons
learned in downscaling the global framework. In the second part, a framework to apply the RCPSSP framework to tourism destinations is designed. Based on the insights gained in the content
analysis, a framework to create destination-level scenarios, which are coherent with global climate
and socio-economic developments, is formulated and discussed by means of an integrative
literature review. Lastly, the newly developed framework is tested and evaluated based on a case
study on the tourism destination Harz. The case study aims to exemplify the framework on a reallife case and give insights into challenges, ambiguities, and improvements for the future use of the
framework.

Figure 3.1 Technical Framework
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Content Analysis
SRQ1: How has the RCP-SSP framework been applied to sectors and locations?
The goal of the content analysis was to define how previous studies applied the RCP-SSP
framework to their case studies. A Scopus literature search in May 2020 found 42 publications
under the search term “RCP” AND “SSP” published between 2013 and 2020 (list of search results
in Appendix 2). After excluding non-English publications, studies that did not include a case study
application, double counted studies and studies that were wrongly related to the search criteria, 29
studies remained to be investigated.
The sample was investigated under five categories: the goal of the analysis, strategies used to apply
framework, inputs used for applying the framework, SSP indicators selected and challenges faced
in applying the RCP-SSP framework. To do so, a semi-deductive coding method was applied which
means that the pre-determined code categories guided the analysis (deduction) while statements
coded were then used to define the different approaches within each category (induction) (Adler
& Clark, 2011, p. 31ff). Therefore, codes were created and assigned based on the articles
investigated.
As, in this way, more codes were added throughout the analysis, a second round of coding was
done to ensures the consistency of coding throughout the sample as well as ensuring that codes
are exhaustive and mutually exclusive within each code group. In addition, all quotations related to
a code were compared to explicitly specify the meaning of the code and re-code non-matching
quotations if necessary. To make the articles comparable and circumvent double counting, each
code was assigned maximum once per article. Within the categories ‘goals’ and ‘strategy’, all codes
were used mutually exclusive, meaning that exactly one code within these categories was assigned
to each article. Within all other categories, more than one code was assigned if applicable. The data
management program Atlas.ti was used to effectively code and compare studies.
RCP-SSP Tourism Framework
SRQ2: How can the RCP-SSP framework be transformed to apply to tourism
destinations?
Based on methodological insights from the precedent content analysis, an RCP-SSP scenario
framework for tourism destinations was designed. The new framework design is based on the
integration of two established frameworks: Kebede et al. (2018)’s integrated scenario framework
that applies the RCP-SPP on delta management in three locations, and the tourism adaptation
framework by Calgaro, Lloyd, and Dominey-Howes (2014) that investigates the effects of stressors,
such as climate change, on tourism systems. The integration structure, methodological
considerations and component structure of the new framework demand further elaboration and
interpretation in the tourism context. For that reason, an integrative literature review on tourism
scenario making and adaptation literature subsequently underpins choices made in the framework
and its applicability for tourism destinations.
Kebede et al. (2018)’s integrated scenario framework (Figure 3.2) was considered a great starting
point for the tourism framework. Instead of adding the RCP-SSP dimension to an existing model,
they designed a new holistic framework that allows other frameworks to be added. As tourism
research does not have an established model on scenario making for climate change impacts yet,
however, possesses various well-developed frameworks on adaptation procedures, Kebede et al.
(2018)’s framework is a suitable basis for the new tourism framework.
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Several characteristics of Kebede et al. (2018)’s framework support its applicability to tourism
destinations. Firstly, it emphasizes the interdependence of climate change impacts and socioeconomic pathways across spatial scales. Destinations are often dependent on visitors from afar
which means, next to local projections, socio-economic developments in the tourist’s source
markets are to be considered too. The multi-scale approach enables tourism scenario makers to
integrate socio-economic projections from those different scales. Secondly, the framework allows
for flexibility in defining the main drivers for change which makes it suitable to apply to various
types of tourism destinations. Thirdly, it integrates a participatory process which is considered best
practice amongst many tourism scholars (Gössling, Hall, Ekström, Engeset, & Aall, 2012; Page et
al., 2010; Postma, 2015). Note that the SPA part is not considered in this research as it is irrelevant
for non-intervention scenarios and therefore considered part of the policy discussion and
adaptation practice following this analysis.
Calgaro et al. (2014)‘s framework can be integrated with Kebede et al. (2018) approach to create a
framework especially for tourism destinations. Calgaro et al. (2014)’s destination sustainability
framework (DSF) (Figure 3.3) is one of the most sophisticated analysis tools identifying climate
change impacts on destination level. It is a systematic approach to guide the identification and
analysis of multiple drivers that shape change in destination’s socio-ecological systems. Therefore,
the DSF can be used to determine which changes in climatic conditions have the most critical effect
on the tourism system and are important for a scenario analysis. According to the DSF, the tourism
destination’s resources exposed to climate change and their sensitivity to climatic changes can be
determined. This information can then be used to determine which indicators are relevant to
consider in the global, regional, national and destination scenario analysis. By expanding Kebede
et al. (2018)’s framework by the DSF, tourism destination scenarios can become both relevant to
the destination and globally integrated. Note that the DSF as design by Calgaro et al. (2014) includes
not only the shock characteristics, exposure and sensitivity to climate change, but also the system’s
adaptiveness to those changes. A tourism system’s capacity to adapt is strongly related to policy
interventions and network responses. Therefore, like the SPA, system adaptiveness is part of the
destination’s adaptation procedure itself and exceeds the goal of the proposed framework.
Subsequently, the new tourism framework will adopt the following ideas from the two frameworks:
(1) the layered scenarios in four spatial scales, (2) the scenario components RCP and SSP, and (3)
the participatory process idea from Kebede et al. (2018)’s framework; and (4) the exposure and
sensitivity analysis on destination level from Calgaro et al. (2014)’s framework.
The integrated literature review will review each methodological consideration and framework
component based on tourism scenario making and adaptation literature. The integrative literature
review is understood as defined by Torraco (2005): “a research that reviews, critiques, and
synthesizes representative literature on a topic in an integrated way such that new frameworks and
perspectives on the topic are generated”(ibid, p. 356).
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Figure 3.2.
Integrated Scenario
Framework by Kebede et al.
(2018)

Figure 3.3.
Destination
Sustainability
Framework by
Calgaro et al.
(2014)
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Case Study Harz
SRQ3: How can the new RCP-SSP tourism framework be applied to the Harz case study?
To test the framework, it was applied to the case study destination Harz. Hereby, the following
steps were taken: 1) define the tourism system, 2) define scenario indicators, 3) data collection, 4)
scenario development and 5) policy stress test (Table 3.4). Beyond applying the model, the process
of scenario making with the new framework was reviewed to determine challenges, ambiguities,
and uncertainties that remain. Hereby, each step is reflected upon individually before drawing final
conclusions on the framework’s usefulness and applicability.
Table 3.4 Case Study Research Steps

Step
Tasks
Define tourism system, its resources Define target group, tourism type, pull factors, key
and sensitivities
tourism resources based on development strategy and
tourist surveys (HTV, 2016; Kreilkamp, Kirmair, &
Kotzur, 2013), determine major sensitivities based on
Calgaro et al. (2014)
Define scenario indicators
Analysis based on development strategy, policy
documents and destination exposure studies
Data Collection
Obtain data on indicators from Klimafolgenonline.com2,
SSP Open Online Database3 and SSP definitions (Riahi
et al., 2017)
Scenario Development
Storytelling and merging data inputs with global SSP
storylines (O’Neill et al., 2017) into two scenarios:
RCP2.6_SSP1 and RCP8.5_SSP5
Policy Stress Test
Assess current tourism development policies as outlined
in HTV (2016) under each scenario using Goodwin and
Wright (2014) strategy stress test assessment tool
The case study destination Harz (Info Box 3.5) was considered a suitable test case for the new
framework for several reasons. First, its outdoor tourism profile with a high pull factor due to
natural beauty and climate makes it representative for climate-dependent nature-based tourism
destinations in Northern Europe (HTV, 2016). Furthermore, recent challenges due to drought and
forest dieback in the past years support the importance for the region to consider climate change
as a driver for change. However, awareness amongst stakeholder is low whilst power play and trust
issues between actors hinder joint actions and climate change is not on the agenda(ZDF, 2019).
Second, the destination stakeholders jointly developed a destination development plan which
incorporates current stakeholder perspectives and is suitable to test current plans under scenarios
to give back the most valuable feedback to stakeholders(HTV, 2016). Third, tourism’s economic
importance in the region and the actor’s quest for knowledge and willingness to collaborate and
develop the destination further are indicators that scenario studies may be useful for adaption
practices in the region(HTV, 2016).

2
3

http://www.klimafolgenonline.com/
https://tntcat.iiasa.ac.at/SspDb/dsd?Action=htmlpage&page=about
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Info Box 3.5 Introduction Harz

The Harz
The Harz is a lower mountain range in Northern Germany in the border triangle of Lower
Saxony, Saxony-Anhalt and Thuringia. Within its 5900km², it offers an annual 6.3 Million tourists
outdoor activities all year round. In fact, about 90% of visitors engage in walking and hiking
activities (Kreilkamp et al., 2013) but also other activities such as mountain biking and cultural
tourism are offered. In 2016, tourism accounted for 6.8% of the local GDP which is above the
German average of 4.4% (HTV, 2016). The diverse flora and fauna, including threatened species
such as the lynx and red deer, is partly protected in the National Park zone (Kreilkamp et al.,
2013). In recent years, the destination established itself as a health destination (HTV, 2016).
More information about the Harz as a tourism destination can be found on www.harzinfo.de.

Picture: Mirko Lemann
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4. Content Analysis Results
Upon analysis, a total of 38 codes divided over the five categories were determined (Table 4.1).
The variety of applications and strategies used make it worthwhile to look at each category
individually and compare results. A detailed summary of the content analysis results can be found
in the appendix 3.
Table 4.1. Codes per Category

Goal*

Strategy*

Input

SSP indicators

Challenges

Contrast

Develop a new
model

Database

Many indicators
used

Data availability

Economic Impact
Effectiveness of
adaptation or
mitigation options
Impact of drivers &
model assumptions
Projections or
prediction of local
impacts
Projection or
prediction of species
or environmental
services
Risk potential

Model triangulation
Use other model
(with RCP-SSP
input)

Empirical Data
Data included in
another model
Narrative used by
another model

Storyline only
Age
Consumption
Education
GDP
Household
projection
Income

Data quality
Dynamics
Macro to Meso
Scale
Model
comprehensive
Model structure
Quality of input
models

Land use change

Selection
assumptions

Population

Selection drivers

Sex
Technological
development
Urbanization
*codes are mutually exclusive, only one applies

Goals
A total of 25 studies designed multiple scenarios and compared them while four studies focused
on one scenario only, which was either the worst-case scenario or the one most plausible related
to current climate policies.
Most studies (52%) were conducted with the aim to project the impacts of climate change on a
industry in a region, a landscape or a species. To do so, they downscaled the global RCP-SSP
projections. The scale of study for most of those studies has been a certain region (e.g. Europe
(Williges, Mechler, Bowyer, & Balkovic, 2017)), country (e.g. China (Wang, Kroeze, Strokal, van
Vliet, & Ma, 2020)), place (e.g. Bavaria, Germany (Rai et al., 2019)) or landscape type (e.g. Baltic
Sea (Bauer et al., 2019); rural/urban centers (Jones, Tebaldi, O’Neill, Oleson, & Gao, 2018); Delta
areas (Kebede et al., 2018)). The second most common study goal (21%) was the economic impact
of climate change regarding adaptation costs and economic losses; followed by the evaluation of
effectiveness of adaptation and mitigation measures (17%) and projections aimed to predict the
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development of a species or environmental service on a global level (17%). Furthermore, the
potential risks faced by the study subject (10%) Two studies took a more methodological approach
and investigated the impact of drivers and assumptions on the predictions (7%). The means to
contrast different policy options was investigated by one study (3%).

Goals

Projection of Impacts/Location

Economic Impact

Effectiveness Policy

Projection of Impacts/Species

Risk to Study Subject

Methodological

Policy Option

Figure 4.1. Goals

Strategy
Three main strategies in research design were found. Researchers either developed a new
framework which is based on the RCP-SSP framework (28%), or they combined existing
quantitative models and frameworks from their field with the RCP-SSP framework (45%) or they
used the global RCP-SSP estimates as an additional input into existing quantitative models in their
field (28%). The main difference between the three types of research design are to what extend the
RCP-SSP framework is utilized. While the most common approach was to extend an established
framework within their field with the RCP-SSP framework, some researchers focused more on
designing a new framework. Here Kebede et al. (2018)‘s approach stood out. They focused on
designing an RCP-SSP-SPA framework which is fed in by existing model data instead of adding
the RCP-SSP dimension to existing models or model combinations. Others took up the RCP-SSP
framework only as a data source. Under the last strategy mostly biophysical models were used and
combined with the RCP projections while a few selected SSP projections were utilized to estimate
the future development of variables in the existing model.

New RCP-SSP framework

28%

45%

28%

RCP-SSP as Input

Figure 4.2. Strategy Spectrum
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Inputs
Most data used to fill in the framework was retrieved from databases and the pre-programmed data
packages included in the existing quantitative models used. Often the structure of those existing
models was used to guide the selection of RCP and SSP variables and their interrelations. Four
studies did not solely depend on secondary data but included empirical research such as
measurements and stakeholder workshops into their scenario making (Fang et al., 2020; Kebede et
al., 2018; Nunez et al., 2020; Tamura, Kumano, Yotsukuri, & Yokoki, 2019).
Furthermore, a high selectivity of indicators through a bottom-up approach can be observed.
Instead of looking at all possibly relevant impacts on a global level, the most severe or important
local impacts were selected to determine which global impact to consider.

SSP Indicators
Most studies concentrated on population (80%) and GDP (48%), often in combination, to inform
their studies on socio-economic terms. Beyond, some studies included more indicators depending
on their core interest of the study. Other indicators mentioned were urbanization, education,
consumption, land use change, age, household projections, income, sex and technological
development. Four studies did not include any quantitative data on the SSPs but only used the SSP
storylines to set their scenarios against (e.g. Williges et al., 2017). On the other hand, the study by
Tong et al. (2020) applied a great range of different SSP indicators and drew a more complete
socio-economic picture of the future.

SPP Indicators Used (total studies)
25

23

20
15
10
5

14

6
2

2

2

4
1

1

1

1

1

1

0

SPP Indicators Used (total studies)

Figure 4.3. SSP Indicators

Challenges
Various challenges were mentioned in the studies, however, not all studies outlined challenges. This
was especially the case when the RCP-SSP scenario framework was only used as a data source
rather than a tool by itself. The challenges most frequently mentioned were data availability,
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uncertainty about future data dynamics, the assumptions behind the set up of the model (or model
combination), data quality, the downscaling from macro to meso scale and the bias in selecting
model assumptions. Beyond that, the quality of the models used, and the comprehensiveness of
the model were criticized. Four studies also mentioned that the drivers they used are randomly
selected and the outcome of the study may change when changing the drivers.

Challenges (total studies)
8
7
6
5
4
3
2
1
0

Challenges (total studies)

Figure 4.4. Challenges

Conclusion
The RCP-SSP scenario framework is an effective tool to inform diverse scenario studies on selected
parameters. The potential use of the RCP-SPP framework is diverse, however, the most developed
application is creating multiple scenarios for a specific industry in a specific region. Whether to
develop a new industry-specific framework from the global RCP-SSP framework, integrate the
RCP-SSP framework into an established model or use the RCP-SSP only as a data source depends
on the goal of the analysis. Most researchers, however, aim increase the relevance of RCP-SSP for
their industry by integrating it with an established model. While the focus is on the model
integration, less emphasize is given to primary data collection. In fact, most studies select their data
from databases. The low extensiveness of SSP indictors used may be since most studies are
conducted by environmental modelling experts rather than social scientists. In addition, less
quantitative data on SSP indicators are available which would increase the need of primary data
collection. All in all, the main challenge of applying the RCP-SSP framework arise from its early
stage of development. No extensive data of high quality is available yet and the model structure is
open to interpretation which leads to challenges in model structure as well as the selection of
assumptions and drivers. The challenges lead to the conclusion that much more research should
be done to further define and mature the RCP-SSP framework for climate-related scenario making.
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Methodological implications for an RCP-SSP framework for tourism
Having obtained some insights from previous studies’ goals, strategies, indicator selection and
challenges in applying the RCP-SSP framework, the question of how the two original frameworks
by Calgaro et al. (2014)and Kebede et al. (2018) can be best integrated is revisited.
First, the content analysis found that the RCP-SSP framework is well equipped to project
possible climate futures. This goal can be applied to tourism destinations. Most tourism
destinations are mainly interested in calculating the economic and social impacts of certain changes
in their external environment. However, to quantify the gains and losses due to climate change, an
impact assessment is needed. The RCP-SSP framework can therefore add to tourism studies by
concentrating on defining the impacts of potential climate scenarios which, in turn, is the basis for
policy adaptation and economic scenarios. Beyond the overall goal to project impacts, previous
studies payed much attention to interrelation between different scales and the downscaling of data.
As tourism is a global phenomenon with local impacts, the integration of different scales as
boundary conditions for local scenarios is important.
Second, tourism research has several tourism adaptation frameworks at its disposal that can
be used when applying a strategy integration approach (e.g. (Calgaro et al., 2014; Jopp et al., 2010;
Njoroge, 2014). The new scenario framework should make use of this existing knowledge and build
a new analysis tool that expands current tourism adaptation models with the RCP-SSP framework
to determine climate change risks and opportunities.
Third, the core indicators used should be informed bottom-up and go beyond the most
frequently used ones: population and GDP. The choice of both bio-physical and socio-economic
indicators depends on the nature of the tourism product and the trends which have historically be
observed to have the biggest impact on tourism numbers and spending in that region. The model
should utilize local tourism core assessments and visions to inform its choice of parameters. In that
way it is also most useful to stakeholders.
Finally, to overcome limited data availability and potential bias in primary data collection,
the new framework should use both existing data to determine the boundary conditions and
stakeholder knowledge. Using existing data sets reduces the extensivity of the study and keeps
assumptions aligned with previous studies therefore making it more representative. However, using
only database knowledge without stakeholder input diminishes the strength of the model to make
climate knowledge applicable to policy makers. The value of integrating various global and local
dynamics and climate change impacts as well as the local policy options attached to those dynamics
should be maintained.

23

5. An RCP-SSP Scenario Framework for Tourism
When looking at the knowledge gaps presented in the literature review and the methodological
opportunities the content analysis revealed, boundary conditions for the new RCP-SSP framework
for tourism become clear. This chapter will first, draw out the methodological boundary conditions
for the new framework and second, briefly describe how those are met within the integration of
Kebede et al. (2018)’s and Calgaro et al. (2014)’s frameworks. Hereby, the new RCP-SSP scenario
framework for tourism destinations is introduced. Finally, each model component and connected
design choice will be discussed by an integrated literature review on tourism scenario and
adaptation literature.

Methodological boundary conditions
From the content analysis, we can draw four important methodological considerations for the new
framework:
•
•
•
•

1) Need to integrate RCP-related impacts on global, regional, national and local scale;
2) Need to integrate SSP assumptions on global, regional, national and local scale;
3) Select indicators based on (local) tourism system resources and needs;
4) Embedded stakeholder expertise and interest in scenario design.

Beyond that, to make the framework useful for anticipatory governance and policy making, two
policy-related considerations need to be added:
•
•

5) Respect higher-level policy goals on industry development;
6) Apply stress test on current destination policies under scenario contexts.

The framework description gives more insight in how those six considerations are reflected in the
design of the framework.

Framework description & definition
The RCP-SSP scenario framework for tourism destinations (Figure 5.1) constitutes the scenario
approach that aims to simplify information about climate change impacts on tourism destinations.
The application of the framework starts in the core with defining tourism resources. The sensitivity
and vulnerability of the studied tourism destination to climate change are the starting point of the
analysis and include mainly stakeholder knowledge (Calgaro et al., 2014). In this way, stakeholders
themselves define content on which factors and indicators are most important to consider in the
scenario analysis (considerations 3 & 4).
Similar to Kebede et al. (2018), the scenario framework is based on a four layer system going from
global via regional and national to local scale scenarios. Each of the global, regional and national
scenarios are built up in the same way. They all include climate impact projections based on the
RCPs, socio-economic projections based on the SSPs and the current state of tourism policies (5).
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All three layers of scenarios serve as boundary conditions for lower scale scenarios (1&2). For the
destination scenario, the climate impacts, socio-economic developments, and policy goals are
directly applied to tourism resources. To do so, the exposure of vulnerable tourism resources
towards the projected bio-physical and socio-economic changes is determined (Calgaro et al.,
2014). Note that this framework describes the methodology of defining one destination scenario.
In the analysis, two or more scenarios are designed based on various dimensions of RCP and SSP
indicators.
Finally, the destination scenarios are used as an input into a participatory adaptation process by
policy makers. To increase the scenario’s relevance for anticipatory governance, in addition a stress
test assessing current policies in the context of future scenarios is conducted (6).

Figure 5.1. Integrated scenario framework for tourism destinations

Four-layered scenarios integrating RCP impacts & SSP information
The framework is design in four layers which include bio-physical climate change impacts, socioeconomic impacts, and tourism policy impacts on future destination scenarios. Consequently, one
of the key challenges in applying the framework is matching information on all four scales into one
consistent advice that is relevant for the specific destination analysed. Therefore, in the context of
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tourism destinations, there are two main demands to a scenario framework. First, each destination
has its unique set of tourism activities and resources which demands the framework to be flexible
and easily adapted to the needs of the destination (Bhandari et al., 2016; Jopp et al., 2010).
Therefore, which indicators are used in this framework remains flexible and adaptable within the
boundaries of the global framework. In this way, the efficiency and effectiveness of the framework
increase and the limitations due to model complexity decreases (Brasseur & Gallardo, 2016).
Second, the dependency of tourism destinations on developments on various scales requires a
framework that enables integrating indicators on their most applicable scale without the need to
compromise information to fit a single scale. For example, bio-physical impacts of climate change
are often place-specific while most socio-economic assumptions depend on the tourist source
markets, therefore on higher-scale conditions.
The multi-scale approach also allows destination’s environmental changes to be put into context.
Changes in tourism demand are less led by the changes at the destination, than by the relative
changes in comparison to other competing destinations (Scott et al., 2016). A tourist’s decision
making on a holiday destination often includes a comparison of competing destinations for the
most favourable conditions(Sirakaya & Woodside, 2005). Therefore, the local results should be
compared to the general trend of the sub-sector to determine the severity of change and the
possible tourist response to it. The framework does so by defining projected impacts on a regional
level and a destination level, giving the opportunity to compare them.

Selecting tourism resources and indicators
The concept of tourism resources and local tourism system needs is core to the framework,
however, somewhat arbitrary. Priskin (2001) defines tourism resources as those resources which
are crucial for the local tourism experience and whose quality is susceptible to improvement of
degradation through external factors. She outlines three approaches to determining and evaluating
nature-based tourism destination resources. The first two focus on landscape consensus, a group
of experts designating areas of high scenic value based on fieldwork, and landscape descriptive
studies, that make an inventory of all possibly attractive the landscape attributes. The third and
more common approach, however, is determining which aspects of the environment are attractive
according on visitor surveys. If tourism is mainly based on the scenic attributes of the destination,
the latter approach has the advantage that visitor surveys enable destination managers to set
priorities based on what is expected to affect tourist satisfaction and spending the most (Priskin,
2001). Having determined the core tourism resources, the indicators which are expected to have
most effect on them can be determined.
Selecting the most appropriate indicators has always been a key challenge in scenario studies
(Moriarty, 2012). To circumvent bias, a dual approach of both current state of research on the
effects of weather and climate indicators on nature-based tourism destinations, and a place-specific
analysis of destination resources and sensitivities should be considered (Jopp et al., 2010). In fact,
which climate information is relevant to be considered in the destination scenario depends on the
destination’s resources’ exposure to climate change and the sensitivity of the tourism system to
react upon the imposed stress (Calgaro et al., 2014). Subsequently, information on key resources
and their exposure and sensitivity, based current research and place-specific knowledge, are used
to select key environmental and socio-economic drivers from global RCP and SSP data.
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Academic insights: Climate change indicators for tourism destinations
Tourism destination’s exposure to climate change has been studied before. Most studies on climate
indicators for nature-based tourism destination focus on temperature and precipitation only,
leaving out several other important indicators (Verbos et al., 2018).
One established tool for identifying various climate change impacts on tourism is the Tourism
Climatic Index (TCI) which estimates the attractiveness of a destination based on its score on
favourable climatic conditions. The TCI uses precipitation, thermal comfort, sunshine, and wind
as key indicators (Amelung & Viner, 2006). As a direct impact, temperature determines thermal
comfort while 18-29°C are considered favourable. A day is considered a wet day if precipitation is
above 5mm. Wet days can obstruct outdoor activities such as hiking, mountain biking and nature
gazing. Sunshine is defined as a sky cover of less than level 4. Sunshine facilitates tourists to enjoy
their leisure time in an outdoor tourist destination. Storm is determined as a maximum sustained
wind of more than 8m/s which constitutes acute danger to outdoor tourists in forest areas
(Matzarakis et al., 2009). However, as the TCI was mainly developed for beach destinations, not all
variables are equally important for other outdoor destinations.
Matzarakis et al. (2009) researched climate attractiveness in nature destinations across Germany
and found mugginess to be an additional key indicator for tourism activity. A muggy day is if vapour
pressure is higher than 18hPa. Mugginess impedes thermal comfort and may be accompanied by
fog which prevents outdoor tourism (Matzarakis et al., 2009). Beyond those indicators, previous
destination-based studies can give insights into which additional indicators have key relevance for
determining destination exposure.
Table 5.4 Impacts Indicators based on Matzarakis et al. (2009)

Indicator
Thermal comfort
Dry Day
Sunshine
Storm
Mugginess

Significance level
Between 18-29°C
Precipitation < 5 mm
Sky cover < level 4
Maximum sustained wind >8 m/s
Vapour pressure > 18hPa

Regarding the SSP, the content analysis showed that population and GDP are the most important
and widely accepted socio-economic indicators for climate change impacts. In the context of
tourism, population numbers shape the size of the market. The smaller the target population gets;
the fewer tourists can be expected. On the other hand, this may be compensated by a higher GDP
per capita which is expected to lead to a higher spending capacity of tourists on recreational
activities (Dupeyras & MacCallum, 2013; P. M. Peeters, 2017). Therefore, in tourism,
simultaneously population and GDP per capita growth are expected to increase tourism demand.
Beyond, the content analysis showed that several previous studies added more socio-economic
indicators if applicable to their case study. Those can be determined by a place-specific analysis of
sensitivities(Calgaro et al., 2014).

Analysis results: place-specific resources and sensitivities
While the climate change impact indicators (RCP) are straight forward based on the activities
exposed to change, it depends on the destination’s socio-economic structures how sensitive it is to
those changes. In other words, the degree to which local resources are affected (Calgaro et al.,
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2014). Most destinations command a short to medium term destination management plan for
marketing and budgeting purposes that covers some of the destination sensitivities (Bhandari et al.,
2016). Key trends outlined are useful to determine which socio-economic indicators are important
to the destination. For example, if a destination outlines urbanisation and aging society as key
drivers for change in demand, the analysis should add the SSP parameters regarding urban share
and age distribution. In addition, climate-change related sensitivities that are not yet covered in the
tourism development plan should be considered.

Participatory processes and stakeholder perspectives
Scenarios only become valuable if they can be adopted by decision-makers as an input into
adaptation planning (Gössling et al., 2012). Therefore, stakeholder and decision-maker inputs
should be considered on both ends of the framework: the decision of what tourism indicators are
important to include and the usefulness of the scenario output to inform adaptation practices
(Kebede et al., 2018).
First, stakeholder perspectives can minimize the decision bias regarding which indicators should
be prioritized in the scenario. Tourism networks are complex and the diverse stakeholders also
constitutes diverse realities and perspectives on the current and future shape of the destination
(Gössling et al., 2012). The complexity of tourism networks, including politics, diverse business
interests and often long-established internal conflicts, makes participatory approaches in defining
scenario contents common in tourism research (Gössling et al., 2012; Jopp, DeLacy, Mair, &
Fluker, 2013; Luthe & Wyss, 2014; Page et al., 2010) as they help understanding destination
dynamics and drivers of change. Stakeholder input can therefore help to define the tourism system,
its exposure and sensitivity to climate change. Stakeholder input is often organized via stakeholder
forums or interviews (Page et al., 2010). However, in some cases published destination
development plans give a more detailed and complete picture of the stakeholder’s perspective on
their destination’s future.
Second, the scenarios should be scientifically correct and designed in an accessible way so that
stakeholder forums can identify with and utilize them in their decision-making on destination
adaptation(Bartels et al., 2007; Moriarty, 2012). The benefit of including a stakeholder forum are
informing stakeholders about the possibility of impacts, know about their perspective on the future
and priority activities they see themselves offering or activities that are not liked to be supported
anymore. Only through cooperation between diverse tourism businesses, policy makers and other
tourism stakeholders, adaptation can be achieved (Brasseur & Gallardo, 2016; Gössling et al., 2012).
Stakeholder participation is therefore key to the usability and functionality of tourism scenarios in
destination adaptation.

Tourism Policy Developments
Policies related to the tourism industry (e.g. by UNWTO, WTTC) are valuable to the scenario
analysis as they describe trends and developments which may impact the destination and the way
tourism is done in the future (Bhandari et al., 2016). On a national level, many countries that count
tourism as one of their key industries have developed tourism development pathways which were
adopted more and less by the destination management organizations. The key motivation for
tourism destinations to adopt tourism policies is the access to additional development funding
from sustainable or regional development funds (Matzarakis et al., 2009).
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Therefore, not all higher-level policies will have significant effect on a destination level. Especially
in the policy area, many mismatches are found between scales (Becken et al., 2020). Therefore, the
national and destination policies should be considered to have the highest impact on the
destination’s future while regional and global policy are expected to have a smaller and more
selective impact. An obstacle of integrating long-term climate impact scenarios (up to 80 years)
with short-to medium term policies (5-10 years) is the different time frame in which they show
effects (Kebede et al., 2018).
Therefore, the current policies will not be valid anymore when climate change becomes more
severe. However, a stress test on current policies can give insights into which aspects future policy
may consider for increasing crisis readiness and resilience on the long-term (Goodwin & Wright,
2014).

Policy Stress Test
To successfully bridge climate research and scenario making with the destination adaptation
process, an understanding of the destination’s current adaptation processes is important. Through
a policy stress test (Goodwin & Wright, 2014), those destination development policies can be tested
within each of the scenarios to give specific recommendations to policy makers on how eligible
current polices are and what different aspect may need to be considered.
The stress test is done based on how effective the policy will be under a certain scenario. Three
checkmarks mean ‘very successful’ while ‘X’ means ‘not successful’ at all. Strategies are considered
less successful if their goal is of ‘little’ (one checkmark) or ‘limited’ (two checkmarks) importance
under the scenario. Wherever the successfulness is limited and much of their development goal is
dependent on it, destinations should consider alternatives to the current strategy that spreads the
opportunities for development and decreases the destination’s dependence on the success of a
single development goal.

Reflections and Limitations
The new tourism scenario framework was designed as a tool to systematically study the scope of
effects climate change impacts and socio-economic pathways have on tourism destinations.
Combining two holistic frameworks by Calgaro et al. (2014) and Kebede et al. (2018) a flexible
framework was defined based on the assumption of the best of both worlds. The integrative
literature review made it possible to reflect upon the framework design by current academic
knowledge and studies. Also, here it is important to mention that the framework is only a small
representation of reality and by no means can include all linkages between society, politics, the
environment and tourism operations on a destination level. However, the framework was design
to be an approximation of describing the tourism system from a climate impact perspective to give
decision-makers an approach of how to deal with the overflowing input from climate sciences. The
frameworks by Calgaro et al. (2014) and Kebede et al. (2018) were used as they were considered
suitable for this purpose, however, not necessarily better than other framework combinations.
Although both input frameworks are well developed, they are still broad and very open for various
forms of application. This supported the process of re-evaluating them in the face of tourism
destination adaptation, however, also gives yet little proof about the applicability of the framework.
Limitations regarding bias, scaling, ambiguity and reliability apply.
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Choices on model components
The choice on which model components to use was made based on the perceived importance the
suggested framework components by (Calgaro et al., 2014)and Kebede et al. (2018) for reaching
the goal of offering climate science insights to destination managers. The aspects system
adaptiveness and SPA were purposely excluded for several reasons, however, can be a valuable
addition to the new framework.
System adaptiveness is an important aspect considering the impact of bio-physical and socioeconomic changes on a destination’s resilience (Calgaro et al., 2014). In other words, if the system’s
potential adaptiveness is high, some more extensive changes may lead to less severe outcomes than
estimated. The system adaptiveness is therefore not to be disregarded in a future tourism scenario
analysis. However, such process is not possible based on scientific research only but depends on
active collaboration of stakeholders that engage in every-day tourism activities and policies in the
destination. Therefore, an analysis of system adaptiveness, which is closely linked to policy
strategies, is a more extensive step preceding this analysis. Including it in the climate scenario
framework would probably not give it the appropiate space and importance it deserves, and second
disregards the political type of work that is needed to determine system adaptiveness.
The SPA (shared policy assumptions) are originally part of the RCP-SSP-SPA framework as
developed by the IPCC and determine the impact of climate policies on the bio-physical and socioeconomic impacts felt by destinations (IPCC, 2014). As climate policy is likely to develop much
further in the upcoming 80 years, there is a high chance of substantial changes in the current
predictions. On the long run, a SPA assessment on tourism flows and perceptions is an interesting
research topic. Nevertheless, in their currently early state of development, the SPA give little
insights into how local destinations are affected. From a tourism governance perspective, it is
currently more relevant to consider the effect of tourism-related policies on the issues of climate
adaptation and beyond.

Biased indicator selection
The selection of indicators contains various limitations and biases. The idea of the model is to
make it simple enough to be used but extensive enough to give a good overview. The balance
between the two is subjective and depends on the core goal of the scenario analysis. For example,
if the local stakeholders aim to get insights into how weather changes and to what extent that
affects their outdoor activities, emphasize can be put on diverse bio-physical impacts. If, on the
other hand, they are mostly interested in how society changes over time on a global level to affect
tourism demand, a greater variety of socio-economic indicators can be utilized. The final selection
of indicators depends on the goal of analysis, the stakeholders’ perspectives, and the researcher’s
perspective.

The scale of data
The content analysis showed that the scale of available climate data is often considered
inappropriate and needs to be down scaled by the researchers. In case that no data is available on
a national or local scale, global assumptions and regional should be used as boundary condition to
define those (Kebede et al., 2018). In some cases, however, bio-physical climate-change impact
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data based on the RCP assumptions is available from previous studies on the region of interest. In
this case, secondary data can be considered.
For the SSPs, destination-level data is usually less relevant than data from tourist source markets.
This may be on national or multi-national scale. All in all, rescaling is a less developed task with yet
no best-practices approach in tourism. However, any analysis should eventually focus on what the
most important impact level is in their destination while being consistent with the global storyline.
Mismatch between the scale of bio-physical impacts that only become apparent on a longer-term
scale, and the policy decisions which are immediate actions plans of maximum 10 years on local
level. Therefore, the most relevant way of combining the two is creating scenarios which include
higher-level policies as trends rather than targets and subsequently test how effective current
policies pathways would develop under the future scenarios. In this way, recommendations can be
given on directions in policy development.
Ambiguity and Flexibility
The flexibility of the framework may lead to ambiguity. Which indicators will have the most impact?
What is the interrelation between those indicators? How big is the effect of a certain change in one
indicator on the tourism industry? How does the model account for destinations with different
altitudes and climates? These questions are not only relevant at destination level but also in other
parts of the tourism industry. To answer these questions and increase the reliability of the model,
more case studies are needed to compare and uncover uncertainties and hidden assumptions.

Reliability
Based on the analysis, no statement can be given regarding the applicability and usefulness of the
framework. To do so, it should be tested with stakeholders engaging in tourism destination
adaptation. Due to Covid19, no in-depth feedback from the stakeholders was received on the case
study. However, their input is valuable to determine whether at its complexity, the tool is
understood and would be implemented by destination decision-makers. Also, its fit and differences
with current adaptation practices should be determined. Overall, stakeholder research is needed to
determine their needs and trust in climate information and willingness to take up scientific
information in decision-making processes (Brasseur & Gallardo, 2016). In fact, there is yet little
research about the science-policy interface from a policy perspective although their perspective
towards science is a main determinant of how effectively science contributes to structural changes
in society (Lemos, Kirchhoff, & Ramprasad, 2012).

Conclusion
The framework is a starting point for both tourism scholars and destination managers on how
climate change information can be made accessible for strategic planning and adaptation practices.
It accesses various forms of destinations knowledge including policy documents and climate data
to define a destination systematically in integration from various perspectives. Limitations
regarding bias and reliability, which were also determined by other scholars applying the RCP-SSP
framework and discussed in the content analysis, remain. Although much research remains to
define the usefulness of this framework, it is a starting point for tourism system’s analysis with
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regard to climate change. The subsequent case study analysis shows how the framework works in
practice.

6. The model applied: Case Study Harz
The case study is used as a tool to determine how well the framework can be adopted by
destinations. The application contains various steps including defining the tourism system, defining
relevant indicators, collecting data, formulating scenarios, making a policy stress test, and evaluating
the results. First, each of step is completed and then, the framework is evaluated based on the
application experience.

Figure 6.1. Integrated scenario framework for Harz Tourism Destination

Define tourism system, its resources and sensitivities
The main target group is families and elderly couples from the 100km around the destination (HTV,
2016). In fact, 95% of all tourists in the region are domestic (Hull & Gross, 2011). While most
tourists come as day trippers, the overnight guests have a five times higher spending capacity and
are therefore of higher importance to the region. The main pull factors for tourists are sound nature
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and natural beauty. The main reason to travel is nature tourism and relaxation and engage in nature
gazing. In fact, an extensive visitor survey in 2006 showed that 90% of visitors come to go for a
walk or hiking (Kreilkamp et al., 2013) while cycling, mountain biking and visiting cultural sites is
also popular. In recent years, the destination established itself also as an event and health
destination (HTV, 2016). A discussion about forest health has increased importance in recent years.
After long-lasting droughts in the summers of 2018 and 2019, extensive spruce forest dieback has
occurred and a drop in tourist satisfaction in the scenery has been recognized (Krüger, 2019; ZDF,
2019). This constitutes a risk to tourism as the main pull-factors for outdoor tourists are the forest
scenery and weather conditions facilitating relaxation in nature. Beyond, the predictability and
stability of weather are important to overnight guests(HTV, 2016).
The tourism system is sensitive to changes in several aspects. Economically, the destination
depends on year-round tourism with overnight guests to increase tourist spending and therefore
accumulate capital to pay for additional adaptation costs. From an environmental perspective, any
changes to the scenery within the forest area but also in the surrounding agricultural lands can
affect tourist numbers. Socially, the destination is struggling with employing young and highly
educated personnel leaving the human resource capacity for adaptation low. Beyond, decisionmaking on externally funded tourism development projects is untransparent. The high diversity of
tourism businesses provides a great portfolio of options; however, most businesses have little profit
to invest (HTV, 2016). Therefore, the tourism destination orientates themselves towards
opportunities for year-round outdoor tourism.

Key characteristics of Tourism System
Target Group
families & elderly couples
Target Group Source Market
Germany (95%)
Travel Goal
relaxation & nature gazing, health
Core Tourism Activity (outdoors) walk, hike, cycle
Current challenges
forest dieback, little human and financial
capital

Define Indicators
To identify the key environmental indicators, the sensitivity of the destination to its exposure to
climate change needs to be determined. The recent climate change impact study on tourism by
Kreilkamp et al. (2013) found that temperature, precipitation, extreme weather, and forest health
are the most important bio-physical indicators for outdoor tourism activities in the area. Since the
destination had to face droughts and forest dieback in the past years, forest health increasingly
receives special attention to the region (ZDF, 2019). Ecologically an increase in temperature by
2°C decreases the net primary productivity of trees by up to 25%, an increase of 5°C decreases
productivity by up to 60% (Newman, Anand, Henry, Hunt, & Gedalof, 2011, p. 125). Beyond,
weakened spruce trees are more easily killed by the increasing bark beetle population. Therefore,
forest health in the region is mainly determined by the spruce’s aridity. Therefore, maximum
temperature, days without precipitation, extreme weather days, tree aridity index
(precipitation/evaporation) and muggy days are used as impact categories influenced by the RCPs.
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Regarding the SSP, the destination’s vision for 2025 constitutes an important information source
on expected socio-economic developments (HTV, 2016). The indicators population and GDP
are complemented by the vision of the local DMO. The stakeholders identified urbanisation,
technological connectivity, ecological awareness, globalisation, individualisation, health, work-lifebalance, aging society, and mobility as key tourism-specific drivers for change at the
destination(HTV, 2016). Those can be used to supplement the analysis. Therefore, the SSP
indicators included are population, DGP, urbanisation, health investments, globalization, and
technology transfer.

Climate Change Impact Indicators (RCP)
Maximum temperature
Dry Days
Extreme weather days
Spruce aridity index
Muggy days

Socio-economic indicators (SSP)
Population
GDP
Urban share
Health investments
Globalization
Technology transfer

Collect Data
As data availability is given, data can be collected on the most appropriate scales without the need
for downscaling. For climate change impacts the local scale is most important and for its
comparison to other destination options of the target group, the German average is determined.
For the socio-economic indicators, data on national scale is most applicable as this constitutes the
main tourist source market (HTV, 2016). Policies are relevant to consider on each scale that
contributes to local development via funding or restrictions.
In case of the Harz region, downscaled data is available for all bio-physical impacts and for the
three most important SSP indicators (population, GDP, urban share). No quantitative data is
available on the other SSP indicators which means they are only considered as underlying qualitative
inputs in the scenario making.
Bio-Physical Impacts
Impact studies based on RCP 2.6 and RCP 8.5 were retrieved from PIK and WetterOnline (n.d.).
For local scale data, calculated data for Goslar, the district with the highest tourism inflow in the
region (HTV, 2014), was collected. Projected average values under RCP2.6 and RCP8.5 scenarios
for (averaged 2021-2050) and (averaged 2071-2100) are outlined and compared to the model’s
baseline of (averaged 1981-2010) as well as the average data for Germany as a whole (PIK &
WetterOnline, n.d.) (Table 6.2).
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Table 6.2 Projected Impacts Goslar and Germany (data source: (PIK & WetterOnline, n.d.))
RCP/
Indicator

Scale

Temperature
(max, in summer)

Dry Days

Extreme Weather
(Rain)

Spruce aridity
index

Muggy Days

Year

2050

2100

2050

2100

2050

2100

2050

2100

2050

2100

RCP 2.6

19.4
22.6

19.6
22.8

174.6
189.5

181.8
190.5

30.2
21.2

29.5
21.2

0.976
0.957

0.974
0.955

2.4
5.0

2.6
5.3

20.5
23.8

22.4
25.7

182.0
195.1

199.9
209.8

29.3
21.1

28.2
21.1

0.966
0.941

0.927
0.883

4.2
7.2

7.9
12.7

Goslar
Germany
(average)
RCP 8.5
Goslar
Germany
(average)
Baseline

19.7

169.8

31.2

0.975

3.1

Socio-economic impacts
In the SSP open online data base Version 2.0 (Riahi et al., 2017), quantitative projections on
population, GDP and urban share for Germany are available (Table 6.4). For all other indicators,
the pathways as outlined in the model development are used (Kriegler et al., 2017; O’Neill et al.,
2017; Van Vuuren, Stehfest, et al., 2017).

Table 6.3 SSP Assumptions for high income countries (Kriegler et al., 2017; O’Neill et al., 2017; Van Vuuren,
Stehfest, et al., 2017)
Indicator

SSP1

SSP5

Population Growth
GDP growth p.er Capita
Urbanisation level
Health Investments
Globalization

Relatively low
Medium
High
High
Connected markets, regional
production

Relatively low
High
High
High
Strongly globalized, increasingly
connected

Technology Transfer

Rapid

Rapid

Table 6.4 Quantitative socio-economic indicators per pathway (Germany) (Riahi et al., 2017)
Population in million (source
OECD)

GDP per capita in billion
(Source OECD)

Urban Share in % (source
NCAR)

Year

2050

2100

2050

2100

2050

2100

SSP1

82.255

67.405

58.061

106.338

90.211

95.028

SSP5

91.934

99.065

66.679

167.204

90.211

95.028

Baseline

82.302

33.138

73.849

Policy impacts
Current international and regional tourism policies are mostly based on economic and
environmental goals (EU, 2010; GlobalRescue & WTTC, 2019; UNWTO, 2018). Based on the UN
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Sustainable Development Goals, tourism plays an important role in facilitating growth and
sustainable production and consumption (UNWTO, 2019). For Europe, those goals are translated
into the quest for sustainable and high-quality tourism that is built upon its diverse countryside and
cultural wealth for competitive advantage. By taking climate change and the risk to cultural heritage
through mass tourism into account, structural changes to increase the effective distribution of
tourism-related investment is suggested (EU, 2010). At the same time, recent climate adaptation
plans of the federal states Lower Saxony and Saxony Anhalt address tourism indirectly, through
the need of reforestation against water-born erosion and drought, as well as directly through plans
to diversify tourism with alternatives to weather and snow depended activities
(KlimakompetenznetzwerkNiedersachsen, 2019; MULE, 2019). Therefore, it can be expected that
future tourism in the region will be supplemented by more indoor alternatives while extra efforts
are taken to ensure healthy forest development.
Table 6.5 Tourism Policies
Scale
International
EU
Counties Lower Saxony
& Saxony Anhalt

Policy
Facilitate growth,
Sustainable production and consumption
Sustainable & high-quality tourism,
Built on diversity,
Consider structural changes for most effective investments
Need for reforestation,
Diversify tourism offer with non-weather and non-snow dependent activities

Summarizing there are various quantitative and qualitative information to be included in the
scenario formulation (Table 6.6).
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Table 6.6 Summary Scenario Input Data (2100 estimates compared to baseline)
2100
Bio-Physical

Socio-economic

Policy

Temperature
Dry Days
Extreme Weather
Muddy Days
Spruce aridity
Population
GDP
Urban Share
Health investments
Globalization

RCP2.6 SSP1
+ 1.2 degrees
+ 12 days
- 1.7 days
- 0.5 days
- 0.001
- 14.897 M
+ 73.200 B€
+ 21.179 %
High
Regional production, connected
markets

RCP8.5 SSP5
+ 3.6 degrees
+ 29.9 days
- 3 days
+ 4.8 days
- 0.048
+ 16.763 M
+ 134,066 B€
+21.179%
High
Strongly globalized, increasingly
connected

Technology Transfer

Rapid

Rapid

Inequality
Consumption

Reduced
Low material, low energy
intensity

Reduced
Energy and resource intensive

International

Facilitate Growth, sustainable production, and consumption

EU

Built on diversity, sustainable & high-quality tourism

Local

Reforestation, diversification of non-weather dependent activities
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Formulate Scenarios
The destination scenarios are formulated based on the storylines of SSP1 and SSP5 and
completed with the location-specific information described above:

Scenario 1. Explore the beauty of our nature (RCP2.6 SSP1)
Well-being and social cohesion are key. Tourism has become an integrated retreat from
urban lifestyles. Nature tourism is framed as part of human well-being. Its income supports
investments against environmental degradation. Nature tourism supplements high focus
on health and education with real life examples and showcases a restructured relationship
between humans and nature. Tourism becomes a retreat from the globalized world. More
domestic tourists enjoy traveling low energy-low resource and use e-mobility and wellconnected public transport to the destinations. Strict environmental regulation and
investments into yield-enhancing technologies have made the forest more resilient. A
decreased population size accompanied by an increase spending capacity create perfect
conditions for sustainable tourism development with higher income and less negative
consequences of mass tourism. The higher income is reinvested in further improving the
cooperation and connecting between actors that create a uniquely diverse destination.
The favourable conditions of the destination have improved. With a slight increase in
temperature, 12 more dry days a year, less muggy days, and extreme weather the destination
becomes an all-year-round attraction. Effective cooperation between local actors and actors
across scales set up early warning systems for extreme events and decreases rebuilding time.

Scenario 2. Stunning views for the best Instagram pictures (RCP8.5 SSP5)
Increasing population in urban mage cities and a great rise in GDP per capita increase the
target group. A consumerist and resource-intensive status competition increases the quest
for mobility and frequent tourism activity. Through high media presence and digitalisation,
the region becomes a hotspot for instagrammers capturing the different atmosphere
compared to their lives in everyday mega-cities. More and more international visitors are
attracted to the region and reach the region by car and plane. Tourism is all year round.
Environmental degradation due to increasing tourist numbers is counter acted with
invisible technological solutions. High income from tourism is used to restructure the
forest against the dieback of spruce due to high aridity levels.
The weather conditions are favourable for tourism gaze as nearly 30 more dry days are
added in a year and extreme weather decreases. The increased temperature of 3.6C on
average in the region is less severe in the forested area and therefore bearable compared to
an increase of 5-degrees across other regions in Germany. However, muggy days are a small
set back to the tourism experience.

Current Policy Stress Test
Destination development policies have been formulated in the destination’s future vision (HTV,
2016). The stress test is done based on how effective the policy will be under each scenario. Three
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checkmarks (✓✓✓) means very successful while X means not successful at all. Strategies are
considered less successful if its goal is of little (✓) or limited (✓✓) importance under the scenario.
Whenever the successfulness is limited, destinations should consider alternatives to the current
strategy that accomplishes development in another way and decreases the destination’s dependence
on the success of a single development goal. The results (Table 6.7) show that some strategies, such
as innovation and improving product quality and investing in all-year-round products, pay off in
both future scenarios. Other goals such as increased length of stay and demand only work well in
one of the two. One strategy, the expansion to international markets, is expected to be not
successful in scenario 1 but very successful under scenario 2.
Note that the goal of a policy stress test is to identify the effectiveness of development policies
under the two scenarios, however, not to give recommendations on how to increase the
effectiveness. It can help destination decision-makers to identify which core strategies are
projectably less successful and therefore may not reach the economic, social or environmental
effect they intend to. These projected gabs can be the starting point of adaptation activities.

Table 6.7 Tourism Policy Stress Test
Development Polices

Scenario 1 (RCP2.6 SSP1)

Scenario 2 (RCP8.5 SSP5)

Increase lengths of stay

✓✓✓

✓

Increase demand

✓

✓✓✓

Maintain quality and costeffectiveness of tourism
infrastructure
Build infrastructure for increased
mobility
Innovation and improving product
quality
Increase digital marketing

✓✓✓

✓✓

✓

✓✓✓

✓✓✓

✓✓✓

✓✓

✓✓✓

Support SMEs

✓✓

✓✓

Concentrate on main attractions
with branding power
Invest in all-year-round products

✓

✓✓✓

✓✓✓

✓✓✓

Sustainability to increase living
standards and attractiveness
Expand to international markets

✓✓✓

✓

X

✓✓✓

Process Review: Case Study Application
The final part of this chapter reviews the process of applying the model. Within each analysis step
it is determined first whether the framework was straightforward in its application and data
collections and second which challenges, ambiguities and uncertainties arose during the process.
Define tourism system
How to define the tourism system was not clearly indicated in the framework. The framework
implicitly assumes a tourism system analysis has been done as it starts only by identifying exposure
and sensitivities. However, as a tourism development plan is in place for the Harz and visitor
surveys have been conducted in the past, the definition of the tourism system was relatively
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straightforward. The tourism development plan was established by the stakeholders themselves
and is therefore expected to be a good summary of the stakeholder’s diverse perspectives. If such
detailed data is not available, the research must refrain to other strategies such as conducting a
destination analysis by conducting primary research with local stakeholders. Such in-depth analysis
may lead to a more specific and timely definition which can ultimately increase the effectiveness of
advice in the end. Overall, more guidance in defining the tourism system and destination resources
is desirable.
Select indicators
The availability of previous studies on both climate change impacts and socio-economic drivers
for change made the indicator selection accessible. However, note that these indicators were
selected without differentiation between more and less sensitive and impactful for change, and
many of the indicators are interdependent. Also, no test has been done on to what extent the
indicators differ across the two selected RCP pathways. Furthermore, it is yet ambiguous how a
change in those indicators will have a different effect on tourism activity. A sensitivity modelling,
e.g. using a fuzzy cognitive map, would give more insights into system interactions and a better
understanding of which indicators should be prioritized when looking for mitigation and
adaptation options. Beyond that, stakeholder input may be used to validate the indicator selection.
More research about indicator development and interactions can help to make the study more
straightforward and reliant.
Data Collection
Suitable and trustworthy data was available to the researcher at different sources. For some socioeconomic indicators, no quantitative data was available yet. This made it difficult to combine
qualitative with quantitative data. Therefore, caution needed to be taken when combining
quantitative and qualitative data and the relative weight of the indicator in the scenario needs to be
considered. Beyond, all data sources miss a sensitivity analysis on their data. This decreases the
reliability of the data and subsequently of the scenarios. Furthermore, no downscaling was actively
applied and therefore no observations or recommendations can be made on that behalf.
Scenario Formulation
In the scenario formulation, different streams of information were combined in creating one
visualized storyline. The storyline was chosen as the most applicable tool in this case, but the
framework leaves it open which scenario format is used. More guidance on scenario making and
presentation would help. Though the storytelling nature of the scenarios, the quantitively available
data was not used to its full potential. Ambiguity about how to best complement quantitative and
qualitative data remains. Furthermore, due to individual work, no peer reliability check could be
pursued. In a group of researchers, storylines should be created separately by each researcher,
discussed, and integrated to receive a more reliable and unbiased outcome.
Stress Test
All in all, the stress test was successful and outlined challenges and opportunities of current
development goals. However, some limitations apply. The goals of current policies were not always
specifically mentioned in the inputs used for the scenario storylines. Therefore, the assessment of
how the specific goal would work are somewhat ambiguous. The assessment was made based the
understanding of the scenarios by the individual researcher, however, a greater amount of different
voices needs to he heard to make it reliable and less biased. In fact, tourism development plans do
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not necessarily reflect the actual situation at a destination. On that behalf, a cooperation with local
stakeholders is recommended.

Conclusion
In conclusion, the framework was found suitable to be applied to the case study, however,
conciously and uncounciously a variety of decisions had to be made. This decreases the reliability
of the framework. Overall, the framework appears to work best when applied in a group setting,
of researchers or stakeholders, to prevent bias and improve reliability in all analysis steps. Beyond
that, it is important to note that the timeliness of predictions was not defined. Therefore, there is
still a possibility that under the new conditions no tourism will be practiced at the destination or
that people’s travel behaviour differes greatly from today. This is especially the case with regards
to technology, taste and fashion. Overall, the most accurate results can be achieved when making
the framework an integrated part of iterative stakeholder adaptation process rather than using it in
isolation as a sole input. On a postive note, the flexibility of the framework makes it easily applicable
to various destnations, however, may also leave too much space for interpretation. By applying the
framework to various case studies it can be better defined.

7. Discussion
The study highlighted a new approach of how climate science data can contribute to
tourism development and adaptation practices. Since recent years, when droughts and flooding
prevailed environmental degradation across Europe, the topic of climate change adaptation has
gained more attention (ZDF, 2019). Tourism destination managers who engage in writing
destination development plans often focus on key trends that are going to influence tourist demand
and how the destination can respond to those changes (HTV, 2016). Climate change impacts,
however, are yet only superficially touched upon if at all. In fact, when asked about climate change,
the enthusiasm of destination planners on adaptation planning fades. Climate change is currently
surrounded by a shock and risk paradigm leading destination decision makers to cognitive denial
(Gössling & Scott, 2018). The potential for adaptation, and working with the opportunities climate
changes bring to the destination, are often disregarded. This denial to climate change is nonetheless
not due to little interest in decreasing risks and capitalizing on new opportunities, but greatly to an
overwhelming amount of information and uncertainty about what climate change means for the
destination (Becken et al., 2020). When it comes to climate change adaptation and resilience
building on a local level, the science-policy gap remains vast. The communication barrier between
scientists and policy makers often hinders to transform knowledge from being useful to becoming
useable (Brasseur & Gallardo, 2016). Being complex by nature, tourism destination decisionmakers have more experience than other industries in co-creating policies and destinations. In the
past decade, much scientific research has been done on developing destination adaptation
framework in cooperation with local stakeholders (Jopp et al., 2010; Simpson, Gössling, Scott, Hall,
& Gladin, 2008). These frameworks elaborate extensively on adaptation procedures and guide
decision-makers in the process. Some of these frameworks also include a scenario approach that
encourage out-of-the-box thinking on possible tourism and recreational futures. However, one
weakness that remains in these frameworks is the lack of guidance on how climate data can be
translated and made useable in the destination adaptation process. Nevertheless, more specific
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climate predictions can have several benefits for decision makers, above all the possibility to focus
adaptation procedures better and decrease costs and time efforts. The results from this study can
support solving the impasse by two means, namely decreasing uncertainties and communicating
climate data to destination decision-makers more effectively.
The opportunity to decreasing uncertainty for policy makers come mainly from the
systematic approach the new framework uses. When it comes to tourism and climate change, the
main driver of uncertainty is the extend to which climate will change bio-physical environment and
how society and economy are adapting to those changes. The systematic understanding of
destinations including projected changes in tourism demand, tourist spending, travel behaviour and
favourable vegetation and weather conditions can help to get a better understanding of how the
future destination is different from what stakeholders know, invites to challenge singular
approaches and gives way for governing in anticipation for global changes. By considering local
bio-physical impacts in relation to the impact’s direct competitors face, a relative picture of new
competitiveness relations can be drawn. By adding socio-economic impacts, which determine
changes in local lifestyles and tourist travel behaviour, such as interests and spending, the
framework incorporates a greater scale of factors than contemporary scenario approaches used on
tourism destinations, as for example the scenario axis technique (van't Klooster & van Asselt,
2006). By designing two scenarios on different ends of the RCP-SSP matrix, indicator projections
develop from undefined uncertainty to a determinable impact span. To what extend this knowledge
is useable by destination managers to stress test their policies and develop adaptation practices
remains open. Further research on the policy-science gap in relation to climate services should be
done to further increase the consideration of climate-based scenarios. However, providing
decision-makers with a tool that enables them to focus the information out there and related that
to their own business is an important first step towards narrowing the science-policy gap in climate
change adaptation.
Nevertheless, it is important to note that uncertainty is by no means solved and that is
especially due to modelling limitations. The RCP-SSP framework is in an early development stage
and its quantified outputs are subject to limited reliability and non-defined uncertainty. Beyond,
the interdependence of various indicators and its system interactions are not further defined yet.
In fact, until now reliability is a re-occurring issue in applying the RCP-SSP framework. The
content analysis showed that many researchers faces ambiguities relating to the choice of their
scenario indicators, model interactions and predictive value of their outcomes. This is likely to
remain an issue for quite a while until the RCP-SSP approach is as much developed that more
concrete estimations and parameter interrelations can be given. From the tourism destination
perspective, another source of limited reliability arises. Due to the Covid19 pandemic, no
stakeholders were directly included in the design of the framework. Although the model bases its
indicator selection on current policy strategy documents, there has been no feedback received on
whether the selected indicators represent the action priorities of stakeholders. Beyond that, this
study could not prove neither the usefulness of the framework to be applied by stakeholders, nor
the usefulness of its results to destination decision-makers. Furthermore, the process is less useful
when done in a single study but instead should be iterative and keep updated with new
developments in both climate science and tourism studies. There is a strong need to include
stakeholders in the process of scenario making to both increase the scenario’s reliability and create
a substantial policy impact in destinations.
The potential of this framework in communicating climate impact assessments to local
policy makers is potentially good but underdeveloped in this study. Previous studies showed that
policy makers are yet little involved with climate change projections. However, with increasing
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awareness the interest grows but there is still much uncertainty. One of the main barriers to tourism
adaptation to climate change is the difficulty for tourism decision-makers to grasp how climate
change affects their destination. On the other hand, when stakeholders have access to knowledge,
then it is usually only very selective which refrains decision-makers to take rash decisions.
Therefore, forecasting tools engaging with scientific data also bring power to destination policy
makers. The scientific basis of the scenarios can also help to backup policy decision and increase
their transparency. The straightforward formulation helps to communicate risks and potential to
actors with little academic background. In this way, the scenario framework can be helpful to
reduce the destination’s sensitivities to climate change.
Nowadays, due to this missing access to comprehensive knowledge sources, uncertainty in
long-term planning arises and tourism destination managers engage in reactive instead of proactive
adaptation. The framework is designed to be straightforward and information on a great variety of
impacts can be found online with open access. Academic cooperation can help to set up the
destination-specific framework and interpret the first results if destination managers miss the skills
to do so, however, follow-up studies updating scientific results can be done without expensive and
time-consuming engagement from the outside. This potential can be recognized in the framework,
however, has not been proven.
Another aspect to consider is the ethical implication of applying this framework.
Anticipatory governance, that uses scientific knowledge as a tool to inform and support policy
decision, frames and makes assumptions throughout the scenario-making process. These frames
and assumptions influence the results of the analysis explicitly and also implicitly (Vervoort &
Gupta, 2018). In most cases, the problem frame reflects stakeholders’ discourses and power
relations (Hajer & Versteeg, 2005). There is uncertainty-induced bias of two forms on the study:
within the RCP-SSP impact projections and in which aspects are considered important to be
included in the study. Solely focusing on scientific climate data in adaptation decision making bears
the danger of distracting from other societal priorities and distract the attention from the complex
and difficult decision policy makers face. The new framework is an analysis tool that provides
important information to consider by policy makers, however, need to be seen critical when it
comes to its impact on destination policies to prevent potential misuse.
Finally, from a scientific perspective, this study may add to the further development of the
RCP-SSP framework as designed by the IPCC. The complexity and missing guidance in applying
the RCP-SSP framework makes the framework yet explorative with regards to local application.
The content analysis and the design of the RCP-SSP framework for tourism showed that many
decisions must be made by the researcher to interpret and apply the framework. However, it also
showed that its rationale and information are useful to several industries if further developed into
industry specific frameworks. In this sense, this study adds to the development of RCP-SSP
applications by adding an application to the yet unexplored industry tourism. In other words, the
application of the RCP-SSP framework to the tourism industry is a new application that can help
to further define best possibilities to engage the framework further to meet the need of preparing
for uncertain futures across industries and countries (Gössling & Scott, 2012; IPCC, 2014).

43

8. Conclusion
This thesis started with the goal of integrating climate science data into destination scenario
planning to support adaptation and resilience building. With its systematic perspective on drivers
and impacts, the framework gives way to a more comprehensive understanding of the effect various
climate change impacts and mitigation and adaptation practices have in shaping future tourism
destinations. Using applied scenarios showed to help translating scientific data into accessible
information for destination decision makers and narrows the science-policy gap that persists in the
tourism-climate interface. The RCP-SSP framework was found to be a useful addition to assess
climate change impacts on tourism destinations. The study can be seen as a starting point to
integrate climate science data into tourism adaptation planning and further research is highly
recommended as it can further investigate the issue of tourism destination adaptation and climate
information from various angles. From a modelling perspective, researchers can investigate
possibilities to advance the framework into a quantitative model with feedback loops and decrease
data uncertainties. From an economic perspective, an economic impact assessment of the projected
changes in bio-physical and socio-economic conditions can be made to give tourism businesses a
better opportunity to include those changes in their accounting. From a policy perspective, a
process design of integrating climate-based scenario making in adaptation may be created in
collaboration with destination decision-makers or the SPA included for a more policy-dynamic
representation of destination development. From a methodological perspective, more case studies
can be investigated to test the reproducibility of the framework and uncover ambiguities and
further underlying assumptions.
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10. Appendix
Appendix 1. SSP Full Narratives
Addition information by O’Neill et al. (2017)

SSP1: Sustainability – Taking the Green Road Sketch
Motivating forces: Growing evidence of and accounting for the social, cultural, and economic
costs of inequality and environmental degradation moves the world gradually, but pervasively, to
prioritize progress towards achieving global and national development and sustainability goals,
while reducing inequality (across and within economies). The shift is more pronounced in
developed countries, which increasingly prioritize improvements in well-being over economic
growth per se. Even in developing countries, where there is a continued focus on economic
growth, goals are tempered by increased attention to ensuring this growth is broad-based and
does not come at the expense of long-term degradation of local environments This shift evolves
over time and is not uniform. The gradual accumulation of evidence of the costs of inequality
and environmental degradation is punctuated by periodic tragedies that bring these costs into
stark relief. These events stimulate growing constituencies supporting change at the local,
national, regional, and international levels. Over time, the initially disparate constituencies are
mutually reinforcing, ultimately leading to effective and persistent cooperation and collaboration
across these scales and between public organizations, the private sector, and civil society within
and across all scales of governance, including local, regional, national, and international.
These trends open the door to formal and informal actions that, over time, help to fundamentally
restructure the relationships within and between societies, and between humans and the
environment. Policies shift to align incentives with development and sustainability goals,
including measures such as the adoption and use of standardized measures of well-being to
complement GDP; a shift in taxes and subsidies towards a stronger recognition of environmental
considerations; a tightening of environmental regulation on the national and regional level;
optimizing resource use efficiencies associated with urbanizing lifestyles; and improving the
access of developing countries to international markets, including the opening of agricultural
markets. As a result of these changing incentives, as well as evolving norms, there are further
shifts in public and private behavior reflected in changing consumption and investment patterns.
Many of these developments are slow to take hold broadly, and face some resistance and
experience setbacks along the way. However, over time they become increasingly self-reinforcing.
It is a bumpy road, but one that eventually moves most of the world in a more sustainable
direction.
Policies, institutions and social conditions: Relatively effective and persistent cooperation and
collaboration of national and international organizations and institutions, the private sector, and
civil society help drive the transition from increased environmental degradation in the short-term
to improved management of the local environment and the global commons over the longer
term. For example, tighter controls on air pollution improve health in developing countries.
Improvements in agricultural productivity through rapid diffusion of best practices and
development of new cultivars and other technologies decrease challenges to food security.
Research and technology development reduce the challenges of access to safe water. New global
institutions evolve to support cooperation on sustainable development, with flexible roles played
by other actors. Reductions in corruption levels, policies calling for greater transparency in all
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sectors of society, and strengthening of the rule of law gradually lead to greater effectiveness of
development policies.
Human development: A large emphasis is placed on education and providing access to health
care. Policies aim at achieving universal access and promoting higher education levels and gender
equality. Relatively high economic growth in low-income countries reduces poverty, and a global
focus on increasing equity also increases social cohesion, while maintaining high levels of social
and cultural diversity within and across countries. Increasing access to health care and to safe
water and improved sanitation in low-income countries reduces the burden of preventable
diseases.
Economy and lifestyles: This development pathway implies that economic growth is relatively
high in developing countries, although growth rates are moderated over time by a shift in
emphasis from growth per se to well-being, equity, and sustainability. Inequality is reduced across
and within countries. Markets are globally connected, but an emphasis on regional production
reduces the incentives for specialization and limits the increase in trade volumes. Investment in
environmental technology and changes in tax structures, including phase out of subsidies on
fossil fuels, particularly coal and oil, lead to higher levels of resource efficiency, moderating
overall energy and resource use over the longer term. Increased investment, lower taxes, and
changing perceptions make renewables more attractive. The service sector grows relatively
quickly. Consumption is oriented towards low material growth and lower resource and energy
intensity, with a relatively low level of consumption of animal products.
Population and urbanization: Investments in human capital and rapid technological change
accelerate the demographic transition in currently high fertility countries, leading to a relatively
low population. Economic optimism sustains or increases fertility levels toward the replacement
rate in currently low fertility countries. Urbanization, while still rapid in many developing regions
of the world, increasingly is directed via growth of civil society, governance capacity and engaged
decision-making to promote environmental benefits, and limit negatives associated with urban
growth and cities, reducing the incentives promoting urban sprawl and urban population
deconcentration. Cities become more consistent incubators and promoters of sustainability
practices. Migration is at intermediate levels. Although increasing integration of labor markets
allows people to move around more freely, improved regional livelihoods and the renewed
emphasis on regional production reduce migration incentives.
Environment and resources: The value shift toward prioritizing environmental sustainabiliy and
associated policy focus on environmental protection and technology development implies that air
and water pollution is likely to be low and results in improvements in environmental conditions
and enhanced protection for vulnerable ecosystems and regions. Depletion of non-renewable
resources is relatively low given the focus on environmentally friendly technology. Still, there are
challenges with respect to the trade-offs between various resources (such as the use of
bioenergy). Food security increases with attention paid to reducing the underlying drivers and
increased investment in research and development. Land use is strongly regulated to avoid
environmental tradeoffs.
Technology: Relatively rapid technological change is directed toward environmentally friendly
processes, including energy efficiency, clean energy technologies, and yield-enhancing
technologies for land. Strong investment in new technologies and research improves energy
access and advances alternative energy technologies. Technology transfer is facilitated by
international agreements on intellectual property rights and other issues.
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Challenges: Challenges to mitigation are low because of high mitigative capacity brought about by
rapid technological change as well as effective institutions and willingness to cooperate, facilitated
by a broad orientation toward environmental sustainability in an urban-dominated economy.
Challenges to adaptation are low because of reductions in vulnerability at the individual and
societal levels, and the increased effectiveness of governance and institutions reoriented toward
cooperation and sustainability principles. Better-educated populations and high overall standards
of living confer resilience to societal and environmental changes with enhanced access to safe
water, improved sanitation, and medical care. Other factors that reduce vulnerability include, for
example, the successful implementation of stringent policies to control air pollutants and
reductions in energy, food, and water insecurity. If and when severe climate impacts do occur,
coordination structures, e.g. integrated early warning systems, security alliances, disaster relief
services, and risk reduction and resiliency promotion strategies are in place to assist those most at
risk.

SSP5: Fossil-fueled Development – Taking the Highway Sketch
Motivating forces: Two major factors enable a break with historical patterns that showed a lack
of regional convergence in institutional arrangements and economic growth. First, the economic
success of emerging economies and more recently least developed countries gives rise to an
emergent global middle class that has been lacking in most regions of the world. The new middle
class stabilizes global economic development by promoting robust growth in demand for services
and goods especially in cities. The new middle class also fosters the more widespread adoption of
world views oriented towards market solutions and participatory societies in many world regions.
In particular, developing countries aim to follow the fossil- and resource-intensive development
model of the industrialized countries. Second, the digital revolution enables a global discourse of
a significant and increasing share of the population for the first time in human history leading to
a rapid rise in global institutions and promoting the ability for global coordination.
Policies, institutions and social conditions: On a national and regional level, institutional changes
are initiated to foster competitive markets, leading – by and large – to more effective institutions
with lower levels of corruption, strong rule of law, and the removal of market entry barriers for
disadvantaged population groups. Social cohesion, gender equality, and political participation are
strengthened in most world regions. As a consequence, social conflicts are gradually decreased,
although the more pervasive adoption of participatory and market oriented world views creates
significant tension with traditional views during a transition phase. On the international level,
countries pursue a global “development first” agenda and increasingly cooperate on economic,
development, and security policies. Regional conflicts are met with assertive international action,
and decline with rapid development and decreasing levels of social conflict. Institutions that
further market penetration and lower trade barriers are strengthened, leading to accelerated
globalization and high levels of international trade. International cooperation on environmental
policies is much more limited due to a perceived trade-off between development and
environmental goals for global, long-term issues.
Human development: Development policies emphasizing education and health are put in place to
accelerate human capital development. These policies, aided by rapid economic development,
lead to a strong reduction of extreme poverty and significantly improved access to education, safe
drinking water and modern energy in the medium term.
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Economy and lifestyles: Economies become increasingly globalized over time with high levels of
international trade. The gross world product at the end of the century is very high. Per capita
incomes in developing countries increase rapidly, leading to strong convergence of interregional
income distributions and a measurable decline of income inequality within regions. At the same
time industrialized countries continue their focus on economic growth, driven in part by
consumerism and resource-intensive status consumption, including a preference for individual
mobility, meat-rich diets, and tourism and recreation. Developing countries rapidly adopt these
consumption patterns.
Population and urbanization: Global population peaks and declines in the 21st century, a result of
rapid fertility declines in developing countries driven by improving education, health, and
economic conditions. In high income countries, fertility is above replacement due to optimistic
outlooks for economic conditions. International mobility is increased by gradually opening up
labor markets as income disparities decrease. Migration from poorer to wealthier countries
buffers the effect of aging populations in industrialized countries. All regions reach high levels of
urbanization. Urban planning and land use management play crucial roles, but struggle to keep up
with the rapid migration of rural population into cities in the first few decades of the century.
While urbanization rates converge over time, urban structure and form develop in different world
regions to reflect historic patterns and prevailing local and national policies. This includes dense
mega-cities in densely populated countries, and large metropolitan areas with significant urban
sprawl in other regions of the world.
Technology: Technological progress is seen as a major driver of development and economic
growth. Fostered by widespread technology optimism, investments in technological innovation
are very high, with a focus on increasing labor productivity, fossil energy supply, and managing
the natural environment. In continuation of the current shale revolution, fossil resource
extraction is maximized at low cost, and local externalities of fossil energy production (e.g. health
effects) are well controlled by continued technological advancements in the fossil energy sector.
Due to the strong reliance on fossil energy, alternative energy sources are not actively pursued.
Environment and resources: Environmental consciousness exists on the local scale, and is
focused on end-of-pipe engineering solutions for local environmental problems that have
obvious impacts on well-being, such as air and water pollution particularly in urban settings. On
the other hand, individualistic lifestyles give rise to local opposition against engineering solutions
that affect local environments (NIMBY). Agro-ecosystems become more and more managed in
all world regions, facilitated by productivity improvements and the diffusion of resourceintensive management practices in the agricultural sector. The resulting large increases in
agricultural productivity and a peaking and declining world population can support high per
capita food consumption and meat-rich diets globally. However, some deforestation continues
due to incomplete regulations. In the long run, land and environmental systems are highly
managed across the world, and there is a general tendency to decouple human-engineered
systems from natural systems as much as possible.
Challenges: The strong reliance on fossil fuels and the lack of global environmental concern
result in potentially high challenges to mitigation. The attainment of human development goals,
robust economic growth, and highly engineered infrastructures results in relatively low challenges
to adaptation for all but a few.
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