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Abstract. 4 systematic and critical review of the existing literature on climate-change risk-
assessment methodologies for historic urban areas is presented, in view of the increasing
likelihood of extreme weather events. Key performance indicators are identified for use in
future risk assessment methodologies that address both the elements of historic urban areas as
a system and the potential impact of prolonged heat waves. To do so, a systematic search of the
existing literature on Web of Science and Scopus was conducted, with the aim of identifying
and characterizing existing methodologies on vulnerability and risk assessment for cultural
heritage exposed to the effects of a changing climate. The main characteristics of the
methodologies that need to be addressed in the near future and key knowledge gaps were
identified, among them, the lack of holistic heat-wave risk-assessment methodologies for
historic urban areas.

1 INTRODUCTION

Given the increasing number of extreme weather events over recent decades, the debate over
climate change in the scientific community has intensified. Global warming has increased over
the past four decades, so much so that the 21st century is now the warmest on record according
to the reports from the World Meteorological Organization (WMO)[1]. This increase in global
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mean temperatures mainly due to anthropogenic activity adds to the risk of extreme events,
such as heavy rains, heat waves and floods [2].

Over half of the global population now resides in urban areas [3] and maximum temperature
rises are recorded within urban centers and their areas of influence [2], as the global population
is inexorably drawn towards cities. The most recent special report from the Intergovernmental
Panel on Climate Change (IPCC) highlighted urban areas and infrastructure as a system that is
among others in major need of transformation, in order to ensure a resilient future. The negative
effects of unrelenting global warming and the consequences of extreme weather events are
significantly affecting the health of urban residents, and their assets, wellbeing and livelihoods
[2,4].

Even if cities suffer the same climatic conditions as the surroundings countryside, specific
events within urban settings result in microclimates and heat-island effects. Low permeability
of the soil, higher population densities, higher concentrations of productive activities, and urban
planning define urban areas and differentiate their relationship with and response to the
changing climate. Urban areas are therefore complex systems formed of several interrelated
layers that require specific approaches for assessing their exposure to climate change. Even
though it is not frequently considered in their assessment, cultural heritage represents an
intrinsic layer within a city. The specific characteristics of a historic city center or historic urban
area are of special relevance as they are the source of urban identity and an important asset for
the economic sector. The specific vulnerabilities of historic areas to changes in weather patterns
[5] are not only because of physical impacts on the built structures, but also other consequences
that are very relevant for the cultural landscape, such as changes to population patterns, changes
to tourism, and the disruption of socio-economic activities.

Over the past decade, climate change has become a central focus for relevant heritage
organizations such as ICOMOS and UNESCO [6,7] . Likewise, the European Union maintains
cultural heritage risk assessment and prevention firmly on its agenda, mainly through the EU
Work Plan for Culture 2019-2022 including a topic on adaptation to climate change [8,9]. The
Office of the United Nations Disaster Relief Coordinator defined risk as the probability of loss
of value that defined a vulnerability index (0 no damage to 1 total loss) [10]. Assessing the risk
that historic urban areas face with regard to climate change is therefore at the heart of the policy
discussion and a very important research area, if we are to understand how the future resilience
of cities may be increased. It means adding the layer of cultural heritage, and the specific
characteristics of the historic urban grid to the assessment of urban areas.

The objective of this paper is twofold. The first objective is to perform a critical review of
the current state of the art of climate-change risk-assessment methodologies for historic areas.
The second objective is to respond to the research gap that has been identified in this field, by
proposing key performance indicators that should be included in risk assessment methodologies
to develop a holistic approach for the risk assessment of historic urban areas that are exposed
to heat waves.

2 CRITICAL REVIEW ON CLIMATE CHANGE RISK ASSESMENT
METHODOLOGIES

In this section, the results are presented of a systematic search of the literature, in order to
conduct a critical review of climate-change risk-assessment methodologies for historic areas
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[11], as well as to determine any relevant knowledge gaps. The research question [12] is
therefore as follows. Which risk or vulnerability assessment methodologies are related to the
effects of climate change on historic areas? A critical review of those methodologies [13] will
then assess the main characteristics of the methodologies, mainly the hazards that are addressed
and the risk elements (hazard, exposure, vulnerability) under consideration, including which
aspect of the urban system they assess, with the understanding that an urban system is for our
purposes an historic urban area.

The risk elements under analysis were derived from the IPCC approach that is the most
widely used framework [2]. Risk was defined as a “probability or likelihood of occurrence of
hazardous events or trends multiplied by the impacts if these events or trends occur” Moreover,
the term impact is defined in relation to “the effects on natural and human systems of extreme
weather and climate events and of climate change. Impacts generally refer to effects on lives,
livelihoods, health, ecosystems, economies, societies, cultures, services, and infrastructure due
to the interaction of climate changes or hazardous climate events occurring within a specific
time period and the vulnerability of an exposed society or system” [2]. We can therefore
conclude from these definitions that risk is characterized as an outcome of the interaction
between hazard, vulnerability (the combination of an assets sensitivity to the hazard and its lack
of capacity to cope with its adverse effects) and exposure (related to the location of the asset).
It is therefore essential to note that an asset may be exposed but not vulnerable, although there
must be a likelihood of its exposure to the event for it to be vulnerable.

Based on the Fifth Assessment Report (ARS) of the IPCC [2], the following events are likely
to affect urban areas: extreme temperature events, cold and heat waves, including wildfires
derived from heat waves; flooding events derived from extreme precipitation, storms and sea
level rise; and climate change as a whole, which is the overall rise of temperature and
consequential change in climatic conditions. These hazards were therefore addressed in the
review.

The keywords for the search were selected with reference to the research question and the
main hazards that the IPCC have identified. The keywords combined “vulnerability/risk
assessment” with the individual hazards and different synonyms for “historic area”, specifying
the root word of each keyword with its possible variations. The Web of Science and Scopus
database search settings included title, keywords and abstract. A total of 616 results were
returned on both platforms with all of the different combinations of keywords. A first filtration
consisted of reading the title, and selecting papers related with the subject. This step was
repeated for every search and on both platforms. Many of the search results from both databases
were duplicated in the different searches, so the papers were screened and then unified to
determine their eligibility in the next step. To do so, the abstract of each paper was individually
reviewed to determine whether a risk assessment methodology or a climate change related
hazard and its impact on each historic urban area was actually defined in the paper.
Subsequently, a final full text analysis of the thirty-four articles remaining after the initial
screening was conducted, in which some were excluded after a thorough final re-reading. In all,
twenty-nine methodologies were identified and then studied (Figure 1). The selected papers
were fully reviewed and classified depending on the hazard addressed and its associated aspects
of risk (hazard, exposure, vulnerability).



L. Quesada-Ganuza, L. Garmendia, E. Roji, . Alvarez, E. Briz, M. Olazabal

Search results

{ N=616
Exclusion criteria:
(i) Not related to climate change
. 4 (I} Do not consider any kind of historic
Screening —41 3
n= (iil) Duplicates
Exclusion criteria:
o v (1) Mot vul abilty/ri mant
Elegibility = intion
= mate ch,
Inclusion n=29

Figure 1: Literature search and evaluation for inclusion in the critical review (adapted from [12]).

2.1 Risk aspects and dimensions within the methodologies

The review of the twenty-nine methodologies served to determine the aspects of risk (hazard,
exposure, vulnerability) that they were designed to consider and distinguishing between social,
economic, cultural, governance (services and resources) and physical dimensions (gathering
tangible characteristics of all infrastructure, elements and buildings). It should be noted that risk
assessment is evaluated in phases, that hazard should be characterized to analyze exposure, and
that both hazard and exposure should be evaluated to assess the vulnerability of a system.
Hence, the results may be classified as: (i) methodologies that only characterize hazard
likelihood and severity; (i) methodologies that also consider exposure; and (iii) methodologies
that continue to assess vulnerability, distinguishing between sensitivity and coping capacity [2].

As figure 2 shows, hazard likelihood and severity were only considered in seven of the
twenty-nine methodologies and the exposure of the elements was only also assessed in one.

Vulnerability was mentioned in twenty-one methodologies which were reviewed to
determine whether sensitivity indicators and/or coping capacity indicators were also mentioned
in them. Sensitivity was considered in almost half of the methodologies, though it was only
acknowledged as such in a few studies and was referred to as vulnerability in the others. Taking
into consideration the aforementioned categories and with regard to the vulnerability aspects,
nineteen studies were focused on physical sensitivity, only eight of which included other
aspects. Among the methodologies with a focus on physical vulnerability, the vulnerability of
buildings to flooding was considered in eight and the physical vulnerability of assets to general
climatic change was considered in four of them. The remaining two methodologies assessed
vulnerability without contemplating physical vulnerability, placing their focus on governance
vulnerability and the adaptive capacity [14] and their social coping capacity [15].
Socioeconomic vulnerability was also considered in some methodologies that addressed the
coping capacity of inhabitants facing the hazard. Cultural value was only considered in several
studies by A. Gandini [16,17,18] and in one methodology [19], all addressing flooding.
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Figure 2: Overview of the results of the review.

2.2 Hazards

Figure 3 presents the results of the critical review classified by the hazard that is addressed.
In the literature, flooding that is either due to extreme precipitation or to sea-level rise is one of
the most frequently analyzed hazards. It was considered in twenty-two out of the twenty-nine
methodologies. Flooding together with other hazards was considered in three multi-hazard
methodologies [20,21,22] and nineteen methodologies focused solely on this hazard. General
climatic change caused by climate change was considered as a hazard in seven out of the
twenty-nine methodologies in the review. Wildfires were only considered as a hazard in one
methodology [23]. Cold and heat waves were therefore not considered as hazards in any of the

single or multi-hazard methodologies.
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Figure 3: Number of risk assessment methodologies classified by type of hazard.
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2.3 Outcomes of the critical review

Starting with the hazards and the extreme events related to climate change events, the
conclusions were clear, in so far as they determined that a large body of the literature addressed
flooding, from either sea-level rise or storms, and a considerable number of studies addressed
the general change in climatic conditions. In contrast, such hazards as cold and heat waves were
not present in the methodologies found in the review.

As explained in the introduction, the vulnerability of urban environments is frequently linked
in the literature to their socio-economic and physical conditions, such as geographical position,
materials, urban plot, and morphology, wealth and governance system efc. [24]. These
characteristics will determine the severity of the resulting impacts when considering climate
change and consequent extreme events. In the case of historic urban areas, the review revealed
a sharp focus on the physical vulnerability of the built environment while the vulnerabilities of
other aspects of the system were overlooked. The effects of climate change on cultural diversity
and socio-cultural interactions; and impacts such as the loss of the sense of community,
traditional knowledge, cultural identity and natural and socio-economic systems have
previously been documented elsewhere [2,6,25], but few studies have considered climate
impacts on cultural heritage through a holistic approach [26].

A higher frequency of heat waves of lengthier duration and higher intensity will occur
according to current predictions at least once a year towards the end of the present century [27].
The high temperatures reached during heat waves are often exacerbated due to Urban Heat
Island (UHI) effects [28] found in urban and suburban areas rather than in outlying rural
surroundings. The ongoing effects of heat waves include consequences for human health and
mortality and significant environmental and economic impacts [29]. These impacts are even
more pronounced in urban areas with high population densities such as historic centers, which
will therefore be very vulnerable to extreme temperature events. Thus, assessing this type of
event is crucial, and, as seen in this review, there is a relevant need for risk-assessment
methodologies for historic areas that address heat waves.

3 PRELIMINARY PROPOSAL FOR KEY PERFORMANCE INDICATORS

As demonstrated, holistic risk assessment methodologies to safeguard historic urban areas
from heat waves are needed. In a holistic framework, social, economic, cultural, governance
and physical dimensions should be considered and specific parameters or indicators that support
the assessment of their individual risk should be determined. Individual and composite
indicators are the foundation for vulnerability and risk assessment and are among the most
common tools used to generate information on non-measurable conditions and to compare
differently measured data, by synthesizing complex measurements into a single number [30].

Even if heat waves are characterized differently depending on the climate of the region, the
WMO guidance on heat-health warning (WMO-No.1142) defined heatwaves as periods of
unusually hot and dry or hot and humid weather that can extend over at least two to three days
and can have a discernible impact on human activities [31]. The main indicators for the
characterization of heat waves are therefore temperature and relative humidity; with levels of
relative humidity defining whether it is a dry or a humid heat wave [32]. Consequently,
exposure and vulnerability indicators must be derived from the cause-effect relationship
between high heat, and low or high humidity and the elements that comprise the system of an
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historic urban area; including additional exposure variables.

Studies on UHI effects have shown that the morphological layout of an urban area that
affects shading and ventilation, combined with the technical characteristics of urban elements
and both the type and the distribution of green spaces are the main factors influencing its
intensity [33]. Urban geometry and materials influence the wind flow, energy absorption, and
surface reflectance properties that emit long wave radiation back into the atmosphere [28],
which in turn condition the UHI effect.

Figure 4. Development of indicators (Adapted from [34])

If we are to define the elements that comprise historic urban areas, the system needs to be
addressed from two perspectives: as an urban system, and as an historic area. The indicators
have been gathered revising key documents that, either from an urban perspective, wellness of
the population or the weathering of historic materials, address evaluative aspects. For the
identification of the indicators, we have conceptually followed the approach in Figure 4. The
historic urban area is considered as a combination of an urban system [35] with the addition of
carriers of significance in historic urban landscapes [36], equating each carrier to the element
of the urban system. So as to provide a holistic approach, each dimension of the system needs
to be assessed, as seen in the literature review, by distinguishing between social and economic,
cultural, governance (services and resources) and physical (gathering tangible characteristics of
all infrastructures, elements and buildings) dimensions.

The indicators are therefore a result of the potential impacts of heat waves and the UHI that
have been characterized on the elements of the historic urban area and their different aspects.
The indicators can be developed through this approach in combination with the AR5 framework
from the IPCC. Therefore, the indicators proposed follow this order; hazard characterization,
exposure, and vulnerability, divided between sensitivity and coping capacity.

With regard to the hazard indicators, the above-mentioned characterization of heat waves is
based on the main factors: temperature, humidity, sun exposure and wind. The different ways
that humidity variations can affect traditional materials means that additional indicators are
humidity cycles and shocks [37].

The exposure is divided into the two main physical components of urban areas, buildings
and open spaces. The exposure of a building is mainly defined by its exposure to sunlight,
calculated in terms of hourly exposure of the envelope to solar radiation, depending on the
orientation of the building and considering the different angles of facade exposure and the
possible shading from the surrounding buildings. Meanwhile open spaces require the addition
of UHI indicators, such as the Sky View Factor that determines the proportion of an urban space
with heat-storage capabilities [38] that can contribute to the ‘urban canyon’ effect [28]. Another
relevant indicator for open spaces is related to the presence of green elements that can be
assessed using the Normalized Difference Vegetation Index (NDVI), which is based on the
quantification of vegetation through the analysis of satellite imagery. Other location-dependent
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urban characteristics that have been linked to interactions with heat in the literature are
tropospheric Ozone (O3) levels and acoustic pollution. There is abundant research to show that
ozone levels can increase under specific meteorological conditions such as high temperature,
intense solar radiations, and long sunshine hours, all characteristics of heatwaves [39], which
can have consequences for the health of urban populations [40]. With regard to acoustic
pollution, studies have shown that people living in areas with high noise levels tend to ventilate
their homes less, which increases heat storage within the building [41].

The sensitivity indicators are divided into three components: social sensitivity, buildings,
and open spaces; with the last two considering physical, economic, and cultural dimensions.
Social sensitivity is dependent on the characteristics of the population, both because of age
groups and socioeconomic data, as well as population density. The sensitivity indicators of the
buildings are in turn divided into three main dimensions: physical, economic, and cultural.
Physical sensitivity is mainly based on the possible weathering of sensitive traditional materials
under heat-wave conditions [37] and the thermal characteristics of the materials, such as their
albedo and thermal diffusivity rates. Economic aspects are based on the use of a building, either
because of its use for production, or as housing, or because of its touristic value. The main
indicators of cultural sensitivity are the symbolism of the building either for collective
memories, or rituals or traditions. With regard to the sensitivity of public spaces, the indicators
are divided into the same three main categories mentioned above in relation to the buildings, as
well as the solar reflectance of the materials in terms of their physical sensitivity.

As with the sensitivity indicators, the three coping capacity dimensions are again social, and
physical, considering buildings, and open spaces. When assessing social coping capacity, the
two main indicators are healthcare access (distance to hospital and availability of hospital beds),
and awareness of the hazard among the population, such as the existence of emergency plans.
In the case of buildings and open spaces, both elements rely on similar indicators: accessibility
and building elevators and accessibility for ambulances and firefighters, respectively.

4 CONCLUSIONS

The risk assessment indicators in the second part of this paper have been proposed to address
the knowledge gap that has been identified in the first part; namely, the scarcity of heat-wave
risk-assessment methodologies for historic urban areas. The analysis of the urban system or
urban area with an historic layer is flexible and could be adapted to any other urban area or
district. The indicators have been developed with data availability in mind, ensuring
repeatability and easy comparison of results.

A future goal following this study will be to produce a complete risk assessment
methodology for historic urban areas, with an output based on an accessible and easily
replicated Geographical Information System (GIS) model.
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