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Abstract

The overwhelming majority of infegrated assessments of future climate risks are made using
climate scenarios and projections superimposed on current socio-economic conditions
only; hence they fail to account for the influence of socio-economic changes. Following
the recent IPCC-related new scenarios framework for climate change research, a few
assessments of climate risks have aftempted to integrate socio-economic changes
through the combination of climate and socio-economic scenarios. However, a number of
shorfcomings remain, such as the lack of consideratfion of vulnerability, the low spatial
resolution, and the lack of contextual focus. In this paper, we seek to examine these
shortcomings through an exploratory assessment of future heat stress risk in 271 European
regions up to 2030, based on the combination of several climate and socio-economic
scenarios. We also discuss the main barriers faced - such as the limited number of
socioeconomic projections carried out to date and the diversity of existing socio-
economic scenarios — and provide a reflection on promising approaches to foster the use
of socio-economic projections and scenarios within integrated assessments of future
climate risks.
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1 Introduction

Human-induced climate change is undoubtedly one of the most significant threats for
human beings and societies. Understanding how changes in climatic conditions are
jeopardizing public health and well-being has been at the forefront of climate change
research in recent decades. Most of the assessments of climate risks conducted nowadays are
integrated, meaning that they recognize the influence of both climatic and socio-economic
conditions on climate risks. However, more often than not, they only consider temporal
changes in climatic conditions and do not integrate changes in socio-economic conditions;
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hence they fail to account for the influence that socio-economic development has on future
risks and vulnerabilities (Garschagen and Kraas, 2010; Rohat et al., 2010).

To foster the use of socio-economic projections in assessments of climate risks, the climate
change research community has been recently engaged in the development of a new
scenarios framework, comprising climate scenarios — namely Representative Concentration
Pathways (RCPs) — and socio-economic scenarios — namely Shared Socio-economic
Pathways (SSPs) (Moss et al., 2010). These climate and socio-economic scenarios ate
purposely designed to be combined in a scenarios matrix (Kriegler et al., 2014) to explore
future climate risks, i.e. to create scenarios of risks and vulnerabilities (Bitkmann et al., 2013).

The rapidly growing number of assessments of climate risks making use of this approach
often present a range of shortcomings, such as (i) little consideration of vulnerability: most
of the studies use only projections of exposure (i.e. population density or GDP for economic
exposure) and do not account for vulnerability; (ii) the low spatial resolution of the
assessments, which are mostly based on national projections; (iii) the lack of contextual
focus, meaning that numerous regional assessments of climate risks simply apply global
socio-economic scenarios (such as the SSPs) without accounting for the local context.

We aimed to address these shortcomings through an exploratory integrated assessment of
future heat stress risk in Europe, attempting to: (i) integrate projections of vulnerability
variables; (ii) assess future heat stress risk at a sub-national spatial scale; (iii) account for the
local context through the use of European socio-economic scenarios. In this paper, we
introduce the methods applied to compute future heat stress risk, discuss the results, and
provide some reflections regarding the barriers faced and the promising approaches which
might overcome them.

2 Methods

Based on the latest definition of risk and vulnerability IPCC, 2012), we defined heat stress
risk as the combination of exposure, vulnerability and heat stress. While heat stress is defined
by climatic variables, human exposure and vulnerability are both driven by socio-economic
variables only. Computations of relevant indicators for these three pillars of risk were made
as follows, up to 2030, for each of the 271 administrative European regions (also known as
NUTS2 regions, i.e. territorial units for statistics in Europe).

Heat stress index and climate scenarios

A great number of heat stress indices have been described in the literature (Bao et al., 2015).
In this study, as a heat stress index we used the changes in average daily maximum
temperatures during the summer months (June, July and August), from the reference period
(2000-2010) to the projected period (2025-2035). Such an indicator of heat stress has
already been applied across Europe (Greiving, 2011) and allows the identification of regions
that face great changes in high summer temperatures regardless of their initial temperature
(Dong et al., 2015).
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Computations were made under two contrasting IPCC climate scenarios, namely RCP2.6
and RCP8.5. Under the latter scenario, emissions rates of greenhouse gases show a
continuous growth, while they decrease slightly by 2030 under RCP2.6. Logically, a mean
temperature increase is expected to be higher under RCP8.5.

Bias-corrected ensembles of Regional Climate Model simulations for these two RCPs were
retrieved from the EURO-CORDEX initiative (Jacob et al., 2014) and served as inputs for
computing the heat stress index.

Exposure, vulnerability and socio-economic scenarios

Unlike climatic variables, quantitative projections of socio-economic variables are rather
scarce. Numerous European forward-looking studies exist (EEA, 2011), but not all of them
are associated with quantitative projections at NUTS2 scale, and they are based on different
sets of socio-economic scenarios (which renders difficult any co-use of their quantitative
outputs). In this study, we made use of (i) the global SSPs, for which a few key socio-
economic variables have been quantified at the national level (O’Neill et al., 2015), and (i)
the ET2050-Territorial Scenarios and Visions for Europe (Ulied et al., 2014), in which four
socio-economic scenarios (and different variants) have been developed and quantified.

Based on a matching by archetypes (Hunt et al., 2012), we successfully linked the narratives
of two distinct ET2050 scenarios with SSP2 and SSP5. Although frequently applied to
compare and group scenarios (van Vuuren and Carter, 2013), such qualitative matching is
somewhat approximate. Thus, systematic methods to match scenarios’ narratives in a more
precise and structured manner are needed in the future. SSP2 and SSP5 depict very different
futures: SSP2 stands for a business-as-usual scenario in which there is medium economic and
population growth, a European landscape development based on existing patterns,
low/medium social cohesion and equity, and medium challenges for both climate adaptation
and mitigation; SSP5 presents high economic growth based on fossil-fuel consumption, high
population growth, a European landscape structure clustered around urban development,
high social cohesion and equity, as well as low challenges for climate adaptation but high
challenges for climate mitigation.

There is no consensus regarding either the methods to identify and select indicators of
exposure and vulnerability (Yoon, 2012), or the methods to combine them, although best
practices are starting to emerge (Reckien, in review). In this study, we applied a deductive
approach based on a theoretical understanding from the literature (Bao et al., 2015) that led
us to select population density as an indicator of population exposure, and four other socio-
economic variables as indicators of vulnerability, namely the gross domestic product (GDP)
per capita, the old-dependency-ratio (ODR), the proportion of built-up areas, and the
proportion of 25- to 64-year-olds with higher education. While projections for the last of
these variables were downscaled from SSPs’ national values (assuming that sub-national
educational trends follow the national trend (Xing et al., 2015)), projections for the other
four socio-economic variables were available at NUTS2 scale from the ET2050 project.

To compute the socio-economic dimension of heat stress risk (i.e. the combination of
exposure and vulnerability), we used an additive model without weighting. After a common
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min-max normalization, socio-economic determinants of heat stress risk were combined as
follows:

Combined exposure-vulnerability =
1/5 * [(Pop density) + (ODR) + (YoBuilt-up areas) + (1 - GDP) + (1 - Y%oHigher education)]

The socio-economic dimension of heat stress risk was computed for the year 2015 according
to current socio-economic conditions and for the year 2030 according to SSP2 and SSP5, for
each of the 271 NUTS2 regions.

Heat stress risk and scenarios combinations

We defined heat stress risk as being the multiplicative combination of the normalized socio-
economic and climatic dimensions. Some combinations of climate and socio-economic
scenarios are more likely than others, e.g. the socio-economic development depicted in SSP5
is rather unlikely to lead to the low emissions rates expected under scenario RCP2.6.
Nevertheless, future heat stress risk was computed for the four possible combinations of
scenarios as well as for the two combinations of climate scenarios with current socio-
economic conditions. Resulting risks values were normalized (also using min-max linear
transformation) and classified into seven classes from low to high.

3 Results

As expected, the overall European heat stress index in 2030 (Figure 1) is greater under
RCP8.5 than under RCP2.6. Nevertheless, heat stress is not homogeneously distributed
across the European regions. Those located in the Iberian Peninsula, Finland and the Alps
will face the most substantial changes in summer maximum temperatures under the two
RCPs.
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Figure 1: Spatial distribution of the normalized heat stress index, ranging from low (blue) to high (red),
for the 271 NUTS2 European regions under RCP2.6 and RCP8.5 emissions scenarios, in 2030.

Computations of the combined exposure-vulnerability (Figure 2) show that (i) the two SSPs
lead to significantly different patterns, and (ii) future combined exposure-vulnerability will be
greater than in 2015 (labelled as current), for both SSPs.

Under the two SSPs, regions located in Portugal, Southern Italy, Romania and Central
Europe (including various German regions) present the highest combined exposure-
vulnerability to heat stress. However, it is worth mentioning that the underlying drivers
differ. For example, German regions’ high combined exposure-vulnerability is due to a high
population density, an ageing society, and a high degree of soil sealing, while the high
combined exposure-vulnerability of Portuguese and Romanian regions is due mainly to low
GDP per capita and low education levels.
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Figure 2: Spatial distribution of the normalized combined exposure-vulnerability, ranging from low
(blue) to high (red), for the 271 NUTS2 European regions under current (2015) and future (2030) socio-
economic conditions according to socio-economic scenarios SSP2 and SSP5.

The final results of the integrated assessment (Figure 3) show that the combination of a high
emissions scenario (RCP8.5) with a business-as-usual socio-economic scenario (SSP2) leads
to the greatest heat stress risk in Europe, while the (very unlikely) combination of a low
emissions scenario (RCP2.6) with a scenario of fossil fuel-based equitable economic growth
(SSP5) leads to the lowest heat stress risk. However, large regional disparities can be seen.
For instance, Nordic regions show very little heat stress risk, even under the RCP8.5*SSP2
combination, due to their very low combined exposure-vulnerability. In contrast, regions
located in Portugal, Italy and Romania exhibit a high heat stress risk under all scenarios
combinations. As regards regions of Central Europe, their levels of future heat stress risk
differ significantly from one combination of scenarios to another, underlining the joint
influence of climatic and socio-economic changes on future heat stress risk.
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Figure 3: Spatial distribution of the normalized heat stress risk, ranging from low (blue) to high (red), for
the 271 NUTS2 European regions under different combinations of climate and socio-economic
scenarios (2030) and current conditions (2015).

4 Discussion and Conclusion

In our attempt to address the aforementioned shortcomings, two main barriers were
encountered.
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Lack of data for socio-economic projections

This is the most obvious bartier explaining the lack of use of socio-economic projections
within integrated assessments. Compared to climatic variables, there is indeed a considerable
lack of quantitative projections of socio-economic variables, in terms of diversity (available
projections are often limited to GDP and population growth), spatial scale (projections are
often available at national scale only), and temporal scale (post-2050 projections are very
scarce). However, we argue here that among the large number of forward-looking studies,
quantitative and reliable projections of key socio-economic determinants of vulnerability
(such as age, education and land use) at sub-national scale up to 2030 or 2050 are readily
available, at least in developed countries. In addition, changes over time of socio-economic
variables that matter when assessing climate risks are being increasingly studied and
quantified by the climate change research community; hence the availability, reliability and
diversity of socio-economic projections may increase rapidly in the next few years.
Furthermore, a number of sectoral and integrated models exist and may constitute very
helpful tools to produce reliable projections for essential socio-economic variables. Diverse
methods of statistical downscaling could also be applied to obtain socio-economic
projections at the desired unit of analysis, as already shown with previous IPCC SRES
scenarios (Gaffin et al, 2004). Finally, although understanding fully the complexity of
vulnerability requires the use of numerous socio-economic variables (Wannewitz et al., 2016),
such complexity may be reduced through a condensed vulnerability index made of proxy
variables that can be projected through their correlation with existing projections of
common variables such as GDP and population growth (Kienberger et al., 2015).

Variety of existing socio-economic scenarios

In the frame of this exploratory study, we identified several dozen forward-looking studies
that have produced quantitative projections for various socio-economic variables in Europe.
These numerous projections (at various temporal and spatial scales) have the potential to
constitute a very rich database that could enhance the integration of future socio-economic
conditions into risk assessments. However, forward-looking studies that produce socio-
economic projections are often based on different sets of socio-economic scenarios. Such
differences between the scenatios are a major hindrance to a co-use of these quantitative
projections. In this paper, we argue that an effort must be made to link and match the
different sets of socio-economic scenarios. We have successfully matched two ET2050
scenarios with two SSP scenarios, but this was achieved only through a qualitative matching
of the narratives. More systemic scenario-matching methods — such as the linked-cross
impact balance analysis (Schweizer & Kurniawan, 2016) — have the potential to reliably
match different sets of socio-economic scenarios. This would enable the co-use of their
quantitative projections within assessments of climate risks. Finally, particular attention
should be drawn to the consideration of the regional context, which can be done by
matching existing socio-economic scenarios at different spatial scales (e.g. matching
European scenarios with global scenarios such as the SSPs), and by extending the global
SSPs into region-specific scenarios, such as the recently developed European SSPs (Kok et
al., in review).
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Integrated assessments of future climate risks must consider changes in both climatic and
socio-economic conditions. This can be achieved through the use of combinations of several
climate and socio-economic scenatios, as suggested by the new scenarios framework for
climate change research.

In this paper, we have applied such an approach to explore future heat stress risk in Europe
under combinations of two climate and socio-economic scenarios. We have successfully (i)
included projections of vulnerability drivers (namely age, education, GDP and land use), (i)
assessed future heat stress risk at the sub-national scale (NUTS2 regions), and (iii) accounted
for the regional context through the matching of global and European scenarios.

The lack of available data for socio-economic projections and the large number of existing
socio-economic scenarios have severely restricted our risk analysis. Nevertheless, we have
argued that a certain number of methods and approaches may have the potential to
overcome — at least partially — these main barriers. This will foster the use of socio-economic
scenarios within assessments of climate risks, which is a crucial step for (i) better
understanding how changes in climatic and socio-economic conditions will jointly affect
future risk, and (i) exploring which kind of socio-economic development will minimize
climate risks the most, under different climatic conditions.
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