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1. INTRODUCTION

Climate change can be defined as a type of disaster that develops slowly due to differences in
climate averages over 10 years or longer. According to what is defined by the United Nations
Framework Convention on Climate Change (UNFCCC), climate change may be reflected “directly
or indirectly to people’s activity which changes the structure of the global atmosphere and is observed over comparable
periods in addition to natural climate variability” (United Nations International Strategy for Disaster
Reduction Secretariat, 2008). Among the climatic events related to global warming are; the volatility
and extremes of climatic events including precipitation, sea level rise, drought, volcanic activity,
hurricanes, biodiversity loss, increased storm intensity, frequent heat waves, changing rainfall
patterns, ocean current reversal, and flooding. Since the earth's climate is caused by the earth's
surface temperature (Lindsey, 2009), global warming is the primary cause of the change in global
climate. For this purpose, these two concepts cannot be separated in any context; the things
affecting global warming also affect climate change (Booth et al, 2012). As a result of these disasters,
whole or specific parts of society suffer economic, social and physical casualties, and human
activities and daily life come to a halt or are disrupted. Moreover, the impacts on the built
environment are both structural and non-structural, influencing all three components of a building:
material, building systems and inhabitants (distress from overheating), as well as its energy
consumption and Greenhouse Gasses emissions (Cere et al,2017; Pidgeon et all, 2011). In this
context, the concept of "Resilience" expresses how robust and reliable the buildings are against
disasters and sudden shocks, and it reveals the capacity of the buildings to resist the effects of
disasters. A resilient building is resistant to any type of disasters and can bounce back in a short
time. The idea of a resilience building gets to be conceptually pertinent when constant stresses or
sudden stuns debilitate far reaching disturbance or the collapse of physical or social systems (Ahsan,
2013; Basyouni,2017). Because of the evaluation tools developed to measure the resilience of the
buildings, the resistance of a building can be measured before the disaster and the necessary
measures can be taken to make buildings resistant to disasters (Cimellaro, 2016). Impact,
vulnerability-based, integrated, risk management, and adaptation-based approaches to disaster and
risk mitigation against climate change effects are grouped under the general heading of assessing
the impacts of climate change specifically (Critto, 2016). The objective of these approaches and the
resilience assessment tools is basically the same. In this study, a literature review was performed
considering the mitigation of the effects of climate change in the context of disaster and risk
reduction approaches. The global and modern efforts for creating a national framework about the
evaluation of climate change and vulnerability by countries draw attention in the literature.
Especially, the effects of climate change, sea level rise on coasts and coastal planning, earthquakes
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and their effects have been studied frequently. Studies that combine social economic vulnerability
with physical vulnerability and developing indexes are rare. For example, in USA, a project entitled
“Climate Change Impacts on the Housing Infrastructure at Oneida Nation of the Thames” was
performed in this field. According to the assessment steps, the climate change risks about buildings
are specified, and consequently, the adaptation and mitigation measures are reflected to related
sectors and peoples (Pieve Program, 2018).

While there are numerous methods for performing an integrated and complex assessment of risk
and vulnerability, the application of these tools is significant because it is directly linked to the
assessment's objectives. McEntire et al. (2010) suggested a vulnerability model that included
physical science, engineering, and social science studies, as well as the conclusion that a "more
complete image of vulnerability is more appropriate to shape inclusive and integrated disaster
policies". Climate risk assessments provide an image of prioritized threats based on various
scenarios, as well as their relationship to existing adaptation and resilience processes, allowing for
more efficient use of available response capability and resources and addressing uncertainty. (Table
1) (Fakhruddin et al., 2020).

Table 1 - Existing Disaster Risk Management and Assessment Tools (Fakhruddin et al., 2020)

- . - RiskScape is a regional risk and impact
Disaster Risk RiskScape (NIWA and GNS,2008) St (LTS iisy i &
Management to provide a framework in which the

risk of impact to assets due to various
hazards can be catculated.This
information can be used for a wide
range of applications. from planning to
hazard  management to  asset

Climate Vr clmae e The UK Government is required unde!
H . T Is requir u T
Change Risk Change Bisk Climate Change. 2017) the 2008 Climate Change Act to publish
Asessment Assessment a UK-wide Climate Change Risk
Assessment (CCRA) every S years.The
CCRA will feed in to the development
of the next UK National Adaptation
" i, Programme, expected in 2018, as well
Climate Climate Change (Auckland Council. 2019) as the national adaptation programs of
Change Risk Risks in Auckland the devolved administrations
A climate risk assessment to contribute
Asessment to the development of Auckland's
Climate Action Plan and relies on the
Auckland Council Climate Change Risk
Assessment (CCRA) 2019 series of
i technical reports.
Climate WP3: SI’T}?"-SC&'& (Tapia etal.» A high-level climate risk analysis
Change Risk vulnerability and 2016) methodology for urban areas that
risk analysis for provides a top-down. and
Asessment broad view of climate risks to cities across

cities and sectors Europe, and takes into account the IPCC

definition'on of Risk including hazard,
exposure and vulnerability

From the point of Turkey’s adaptation against climate change, Batan stated that starting from the
question of what global climate change is, general information is given and the causative factors
are explained in detail, then the prominent and prominent reports in the literature (UNFCCC,
IPCC, Kyoto) are summarized, climate models and future climate scenarios are mentioned. The
possible consequences of future climate change have been identified (Batan, 2014). Baskan
examines the effects of climate change on physical, chemical and biological degradation
mechanisms and presents the results that predict which traditional building materials will be
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affected and how (Baskan, 2016). Bozoglu made an inquiry about the creation processes and
importance of the early warning system to reduce the losses and damages emphasized in the Paris
Agreement (Bozoglu, 2018). In another research’s aim is to determine the negative effects of
climate change and urbanization on LULC (land use and land cover) and to contribute to
sustainable development by developing a spatial planning approach compatible with climate
change. As a result, the planning parameters compatible with climate change and the prominent
tools in this planning were determined (Onur, 2014). Yidiz indicates determining the design
parameters that have the most impact on annual cooling energy loads for low-rise apartment blocks
in the hot humid climate region of Turkey and to evaluate the uncertainty in the design parameters
and annual cooling loads due to global warming (Yildiz, 2012). Dino and Akgtl shows the results
of climate change impact assessment on a typical mid-rise residential building in four representative
cities with different climatic characteristics in Turkey. According to preliminary estimates based on
energy simulations, there will be significant overheating in the future, which will have a significant
impact on cooling energy demand and/or occupant comfort. The predicted energy consumption
also highlights the necessity to investigate climate change adaptation strategies for buildings in the
future, as well as the importance of decarbonizing the electrical industry for climate change
mitigation (Dino and Akgtl, 2019). In addition, Turkish Municipality and Environment and Urban
Development has several projects and studies about climate change. For example, greenhouse gas
emission inventory, and the preparation of greenhouse gas emission projections were finished.
According to Seventh national statement of Turkey’s report which have also these projects, they
produced action plans for all seven regions of Turkey, and these plans would help those regions
adapt to climate change. Smart-city and zero-waste initiatives will become more common. All
around the country, new energy-efficient, climate-sensitive residential areas will be built. Houses
built by Turkey's Housing Development Administration (TOKI) will be required to install solar
panels. They are also working on measures for the most vulnerable sectors to climate change, such
as agriculture, livestock, tourism, renewable energy, and industry (RTMEU, 2018). It is concluded
that Turkey’s climate change action plans are not specific for city or building/building groups.

The literature review indicated that there are several studies for assessing climate change but Turkey
has no special framework which is particularly related to the context of building scale and disaster
risk reduction. The aim was to create a general evaluation framework by examining the process of
mitigating climate change effects in disaster and risk reduction approaches for Turkey. The
frameworks evaluating the resilient status of buildings against the climate change impacts were
clarified, and criteria of these frameworks were compared with the principles of disaster risk
reduction approaches. Furthermore, the evaluation steps were established. Consequently, a general
integrated framework for assessing the risky characteristics of buildings has been proposed by
comparing and evaluating the disaster and risk reduction approaches to terminate the climate

change effects and by considering principles of resilience to disasters.
2. CLIMATE CHANGE EFFECTS ON TURKEY

Climate change is considered to be one of the greatest challenges facing humanity in the 21st
century and has serious and global consequences for the environment. There is a significant
scientific consensus that the impact of human activities on a changing climate is around 90%, as
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changes are linked to global greenhouse gas emissions from human activities, especially the use of
fossil fuels (Smith, 2005).

According to the climate change scenarios RCPs (Representative concentration pathways)
published by the IPCC (Intergovernmental panel on climate change), although the effects of
climate change vary depending on the location and region in the world, the impacts of climate
change will emerge as an increase in temperature, decrease in rainfall, increase in forest fires and
increase in flood-tsunami disasters (IPCC, 2007).

Turkey will be affected by the climate change like other global countries. As seen in the Fig. 1, a
simulation created by the authors via SIMCLIM3 indicates that Turkey’s average temperature will
increase nearly +3 -4 C between 1996 and 2100. Although these figures look same, the attribute

values’ are different in the projection.

Figure 1 - The SIMCLIM average temperature change projection for Turkey (created by authors)

As can be seen in Fig. 2, the rainfall change for Turkey will tend to fall. This projection is also made
by SIMCLIM. Therefore, according to all projections about Turkey, the average temperature tends
to increase and rainfall tends to decrease, which can be an eatly warning for Turkey before the
country becomes a desert. Fig.1 and Fig.2 demonstrates that climate change effects for Turkey
should be evaluated before the risks will increase. In this context, the disaster risk and reduction

approaches against climate change effects can be used as guideline.

Figure 2 - The SIMCLIM Average Rainfall Change Projection for Turkey (created by authors)

Other climate-related risks for Turkey include river flood, coastal flood and wildfire, respectively.
The simulations by the open access website “ThinkHazard” show predictions for next 10 years.
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Figure 3 - The River Flood Risk in Turkey in the next 10 Years (Thinkhazard, 2020)

As seen in the Fig. 3, the river flood risk for Turkey is approximately high, meaning potentially
damaging and life-threatening river floods are expected to occur at least once in the next 10 years.
According to Fig. 4a, Turkey’s coastal flood hazard is considered to be high based on currently
available data, which means that potentially-damaging waves are expected to flood the coasts at
least once in the next 10 years. Accordingly, the impact of coastal flood must be considered in
different phases of the project for any activities to be performed near the coasts (Thinkhazard,
2020).

According to Fig. 4b, Turkey's wildfire danger is very strong for the next ten years, with a chance
of more than 50% of seeing conditions that can sustain a major wildfire that can result in both life
and property loss in any given year. (Thinkhazard,2020).
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Figure 4 — (a) The Coastal Flood Risk in Turkey in the next 10 years, (b) The Wildfire Risk in Turkey in the
next 10 years (Thinkhazard, 2020)
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3. DISASTER RISK REDUCTION APPROACHES AGAINST CLIMATE
CHANGE

The role of cooperation and coordination of organizations involved in disaster management in
Turkey is assigned to the Disaster and Emergency Administration (DEMP, 2019). According to
DEMP's definition, the affected society has insufficient coping capacity. "Disaster is not an event
itself; it is the result". According to the disasters around the world, meteorological disasters
constitute 28 of 31 natural disaster types (DEMP, 2019).

It is important to know the approaches of disaster risk reduction because the results of disasters
can be prevented when considering the disasters as a risk at first. “Disaster risk is defined as the
probability of loss of life, injury or destruction and damage from a disaster in any specific period.”
Therefore, disaster risk is defined as the frequency and severity of a hazard combined, the number
of people and valuable objects facing the hazard, and their sensitivity to damage
(PreventionWeb,2015). The aforenoted components are described by the IPCC (IPCC, 2018) as
follows:

“Hazard” refers to the possibility of a natural or human-caused physical occurrence or pattern that
may result in the loss of life, injury, or other health consequences, as well as harm and loss to
property, facilities, livelthoods, service provision, habitats, and environmental resources People,
livelihoods, organisms or habitats, environmental functions, facilities, and resources, infrastructure,
ot economic, social, or cultural assets in places and settings that may be negatively impacted are all
examples of exposure. Vulnerability is a term that describes a person's proclivity or predisposition
to be harmed. Vulnerability includes a wide range of definitions and elements, such as vulnerability
to harm and a lack of ability to cope and adapt. (Viner et al., 2020).

All of these definitions are critical for disaster risk reduction which indicates structural and non-
structural measures and activities that must be ensured before, during and after the disaster to avoid
or mitigate effects of natural, technological and human-induced hazards and environmental
degradation (DEMP, 2019).

CLAIMS ANALYSIS HAZARD RISK

AND PROBABILITY PERCEPTION
IDENTIFICATION X

OF
VULNERABILITIES

VULNERABLE RISK
JALUE WEIGHING

RISK MITIGATION
\ 4

RISK ’
i ATTITUDE

CLASSIFICATION

Figure 5 - A General Framework of Disaster Risk Management and Reduction (Balaban, 2009)

As can be seen in Fig. 5, disaster risk reduction and management process has certain steps. This
figure is about a schema of a general framework about disaster risk management; accordingly, the
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risk management is the primary element of disaster risk reduction and also as important as disaster
risk reduction itself. Additionally, disaster risk management indicating the application of disaster
risk reduction policies and strategies to prevent new disaster risks reduces existing disaster risks
and manages residual risks, contributing to strengthening of resilience and reduction of losses (Un-
Spider, 2021).

3.1. Disaster Risk Reduction Approaches

In the face of global environmental change, reducing risk from natural hazards is a major challenge
now and in the future. The danger and risks to human security posed by natural hazards cannot be
minimized solely by concentrating on the hazards, which is becoming clearer. Societies would be
forced to adapt to changing environmental factors, necessitating the development of resilience
through the reduction of natural hazard vulnerabilities. Natural hazard and climate change
vulnerability assessment has become a common research topic in recent decades (Birkman et al,
2013; Chambers, 1989).

DRR (disaster risk reduction) and CCA (climate change assessment) are two policy priorities that
are closely linked, despite the fact that they have previously worked independently (Lei and Wang,
2014; Gero et al, 2011; Gero et al, 2011). Topics of these two policy priorities, including flood
control, do, however, overlap. Furthermore, methods used to achieve a policy objective can be
useful in achieving another. For instance, policies developed for disaster risk reduction can make
contributions to climate change assessment. On the other hand, climate change assessment
techniques and strategies such as vulnerability assessments can back up disaster risk reduction
(Papathoma et al, 2016).

Although engineering and ecological resilience are the most well-known forms of resilience (Folke,
20006; Holling, 1996) resilience is also becoming more prevalent in other areas, such as disaster risk
management and reduction as well as social sciences. A single-state equilibrium perspective of
resilience is often used in disaster-risk mitigation approaches, similar to engineering. The
approaches of disaster risk reduction against climate change aim to internalize climate change
impacts and minimize the losses. In other words, these approaches help reduce the vulnerability of

communities, buildings and countries against the climate change.

The approaches of disaster risk reduction against climate change have five different assessment
methods (* Impact * Vulnerability Based * An integrated * Adaptation Based * Risk management
Approaches). While first four are traditional research methods, fifth one which is risk management
emerged when CCIAV (Climate change impact assessment vulnerability) studies began to be
addressed in disaster-related policy making processes. In the Table 2, it is shown these approaches’

brief purpose and scales.

e Impact approach; the aim of this approach is to evaluate the possible climate change effects
under a specific scenario and evaluate the need for adaptation and / or mitigation to decrease
vulnerability to climate risks. The term impacts is used in this study to refer to the effects of
extreme weather and climate events, as well as climate change, on natural and human systems.
It is often referred to as a top-down method because it combines scenarios scaled down from
global climate models to local scale with a sequence of empirical measures beginning with the
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climate system and progressing through biophysical effects to the socio-economic assessment

(IPCC,2014).

e Vulnerability approach; Vulnerability is a broad term with numerous meanings (Kelly and

Adger, 2000). However, the Intergovernmental Panel on Climate Change (IPCC) concept of

vulnerability as a feature of a system's exposure, sensitivity, and adaptive capability (IPCC, 2001;

IPCC, 2007) has recently been widely used in the context of climate change (Basset and

Fogelman, 2013; Opah et al, 2020). Vulnerability varies greatly amongst people, industries, and

regions. The diversity of the ‘real world' is the starting point for assessing vulnerability.

Differentiating across scales makes conceptual and analytical challenges easier to understand:

- International comparisons of vulnerability frequently rely on national factors, such as

grouping less developed countries or comparing human development progress among

countries with similar economic circumstances.

- Vulnerability assessments help determine development priorities and track success at the

national level. For strategic development plans, sectoral assessments provide additional

detail and targets.

- Vulnerable groups can be identified and coping measures applied at the local or

community level, frequently through participatory methods (Downing et al, 2003).

It focuses on the sensitivity of the target by considering the orientation to harm, then trying to

maximize the potential advantages and minimize potential harm. Since the vulnerability is highly

context and scale dependent, efforts must be made to clearly identify its derivative and significance,

as well as to examine the uncertainties discovered in vulnerability assessments (Critto, 2010).

e The concept of vulnerability as defined by IPCC has been expanded to include both the social

vulnerability and it has been proposed to combine it with risk assessment.

Table 2 - Disaster risk reduction approaches’ purposes and scales

environmental change

CCIAYV Approaches Purpose Field of interest
. . People, communities, economic
Seek to characterize, diagnose, and p oo ’
. . . activities, infrastructure,
Impact Approach project risks or impacts of

ecosystems, or valued natural

resources

Adaptation based Approach

Assessment of total system
integrity; it considers the capacity of
the entire socio-economic and

ecological network

Any given region or sector to adapt
to climate change

Specifying the weaknesses against

investigating CCIAV

Vulnerability Approach i . Community, country, people group,
climate change region, local areas, buildings
I Modelling and other procedures for | yp o0 1 odel-based

different disciplines

Risk Management Approach

Identifying potential problems

before they occur

Any given sector
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e Adaptation approach: it is directly associated with risk management by investigating the
adaptation measures and adaptive capacity needed for improving robustness or resilience of a
system facing climate change. This approach focuses on an activity where stakeholders
participate to develop decision-making rather than a research-based activity. The key progress
here is the inclusion of adaptation to the previous and current climate. Adaptation solutions
come in a variety of shapes and sizes, based on a community's, business's, organization's,
country's, or region's specific situation. There is no ‘one-size-fits-all' solution—adaptation
might include everything from flood defenses to cyclone early warning systems to converting
to drought-resistant crops, as well as rethinking communication networks, business operations,
and government policies (UNFCC, 2021).

* Risk management approach: it specifically focuses on decision-making and provides a practical
guide to evaluating various research concepts and techniques described, despite conflicting with
the uncertainty assessment common in CCIAV evaluation. The risk is usually assessed as the
probability and a combination of consequences of an event. Topics to assess include evaluating
current adaptations to climate variability and extremes prior to addressing adaptive responses
to future climate, associating adaptation with sustainable development, stakeholder
engagement, evaluating adaptation limits, and taking uncertainty decision (Critto, 2016).

¢ Integrated approach: This approach represents crucial experiences and feedbacks by combining
assessment modeling and other methods of examining CCIAV through disciplines, industries,
and scales. Integrated climate risk management could provide a framework to allow the disaster
community to move beyond the still dominant focus on preparedness and response and for
the adaptation to climate change community to move beyond the design of hypothetical future
adaptation strategies Integrated evaluations can include one or more mathematical models, as
well as an integrated evaluation process that connects various fields and individuals. Managing
uncertainty in integrated evaluations may utilize models including simple models associating
large-scale processes, via intermediate complexity models, and the complex, physically explicit
representation of Earth systems. The trade-offs between realism and resilience characterize this
framework, with non-complex models being more flexible with less details and complex
models having more details and a wider range of results. For objectives such as national
assessments, economic and commercial trade impact analysis, and joint population and climate
study, cross-sectoral integration is needed (Critto, 2016), (UNDP ,2002).

Vulnerability assessment approach is critical and used for building scale the most. As mentioned
above, vulnerability assessment is used for certain goals including the assessment of physical

vulnerability or social-economic vulnerability against the climate change effects.

The evolution of approaches to assessing vulnerability has become an emerging concept for climate
science and policy over the past few decades. Climate change affects both exposure and sensitivity
and therefore creates potential climate effects, which in turn increases vulnerability. Adaptive
capacity, which includes technological, socio-economic and educational capacities, has the potential
to reduce vulnerability. Vulnerability assessments are used to generate data that can be used to learn
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how a system is potentially influenced by and responds to changes in climate conditions, as well as
to contribute to policy-making by presenting important information to stakeholders and
recommending adaptation steps. It also offers input to stakeholders' decision-making processes
about how to respond to the impact of global change and promote long-term growth.

Vulnerability assessments are important for specifying physical resistance against climate change
particularly on the building scale (Tanik and Tekten, 2018).

The rate of loss of a specific element or group of elements within a compromised area is referred
to as a physical vulnerability. It is measured on a scale of 0 (no loss) to 1 (significant loss) (total
loss). Additionally, although it is called "physical", the vulnerability of buildings emerges due to
social, economic or cultural reasons. It is clear that it depends on a large number of potential
factors. (Kantamaneni, 2017).

From the point of disaster risk, vulnerability assessments of disasters related to climate change are
assessed with some methods. For example, the evaluation of vulnerability of flood risk on the
coastal areas, there are some specific methods are used for assessment. These are array-based
methods, indicator-based approaches, GIS6 based decision support systems and dynamic
computer models. Moreover, existing flood risk assessment studies and damage models use an
experimental approach based on post-event damage data collection to identify vulnerability
functions, or synthetic approaches where vulnerability functions are based on expert opinion
(Kantamaneni, 2017).

Other assessments as vulnerability are social and economic assessments. In general, using the
indexes called “assessment index” aims to evaluate these risks. The SoVi (social vulnerability
assessment index) index is used for social vulnerability assessments against climate change effects.
This index identifies potential social burdens. Additionally, the EVI (economic vulnerability index)
is used for evaluating the countries’ physical vulnerability against economic and environmental
risks. Additionally, various versions of the EVI index have been produced in recent years and
applied to various geographical regions. The EVI consists of eight socio-economic indicators
divided into several subgroups (Kantamaneni, 2017).

All in all, evaluating the disaster risks against climate change effects is complicated and requires
certain steps.

3.2. Resiliency Frameworks for Buildings

“Resilience” is derived from the Latin word “resiliere,” meaning “bouncing back.” The common
use of the term “resilience” reflects the capacity of a system or entity to return to typical condition
after the event of an occasion that disturbs its state. Such a wide definition applies to such differing
areas as biology, materials science, brain research, financial matters, and building (Hosseini et.al,
2016).

Initially, four academic areas regarding resilience are identified as follows: social sciences,
engineering, ecology and disaster risk reduction. In this context, while "resilience" in the field of
engineering is about the ability of a system to recover, its definition in the field of ecology suggests
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that the system has more than one balance. When a steady state is required for the load-bearing
ability of building foundations and the strength of a building, engineering resistance is appropriate.

Resilience in the disaster risk mitigation sector assesses resilience in terms of the social, economy,
and physical recovery from a dangerous event to a single state, and measures the likelihood of a
dangerous event, represents the internal and external vulnerabilities of societies, cities and buildings
and measures the likelihood of a dangerous event. (Redman, 2014; Rajkovich and Okour, 2019).

The significance of flexibility in disaster risk management / reduction was emphasized in 2005 by
UNISDR (United Nations International Strategy for Disaster Risk Reduction) with the adoption
of the Hyogo Declaration. The 10-year Hyogo framework for action offered guidance to different
industries and stakeholders in establishing disaster risk mitigation legal and institutional structures.
Actions included assessing and monitoring risks, establishing a safety and resilience Sendai
Framework action priorities such as understanding the disaster risk, strengthening disaster risk

management.

As seen in Fig. 6, while resilience tools are mostly developed for residential buildings, it points out
that there are many tools for various type of buildings. Most of them have criteria for both existing
buildings and new buildings. Moreover, most of them use the rating method as an evaluation
system. Among these tools, the focus on building and building systems includes B-READY,
ENTERPRISE, NIST, NYSERDA, BOSTON, NEW YORK CITY, FORTIFIED and REDI.
Additionally, while some of these tools evaluate the building scale as well as city and regional scales,

some of them only evaluate the building scale.

Type Building Technology Control of Strategy
— <
.5 g = gl & 2
g=4 - 2 15} @
£ =1 = 5|2 2 = g =
RESILIENCE TOOLS - g 5 S & £|E :i" %"5 5| & s |2
@ g 2 2| E| 8 25| g| g =
£ 5 g = El 8|2
e E O|IC| B8 |2 (A3 8| 8|8 |2
& Ol s ™
LEED [RESILIENCY DESIGN PILOT CREDITS]

PEER [Performance Excellence in Electricity Renewal]
RELI [Resilience Action List +Credit Catalog]
ENVISION

B-READY

BRLA [Building Resilience Los Angeles]

ENTERPRISE [Strategies for Multifamily Building Resilience]
USGBC][Green Building and Climate Resilience]

NIST [C ity Resilience Planning Guide]

NYSERDA [Climate Change Impacts on NY’s Building Sectors]
BOSTON [Enhancing Resilience on Boston]

NYC [Climate Resiliency Design Guidelines]

FORTIFIED COMMERCIAL [Hail &High Wind]
FORTIFIED COMMERCIAL [Hurricane]

FORTIFIED HOME [Hail &High Wind]

FORTIFIED HOME [High Wind]

FORTIFIED HOME [Hurricanes]
REDI [Resilience-based Earthquake Design Initiative]

1 Residential buildi

typologies werw gategorized into single'family (S) and multifamily homes (M)

Figure 6 - Resilience frameworks and principles (Rajkovich and Okour, 2019)
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In addition, while some focus on more than one type of disaster, some are created according to a
single type of disaster. The B-READY building resilience assessment instrument of DNV-GL
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(Oslo, Norway), for example, provides an evaluation of local environment hazards as well as a
building's vulnerability and resilience to include a resilience index, as shown in Fig. 7 (based on a
0-100 scale). In addition, the assessment tool makes recommendations for resilience steps. The tool
investigates the twelve building systems, including flexibility measures such as building envelope
and structure, mechanical systems and controls, electricity and lighting and 130 durability measures
including operations and community (DNV-GL, 2020).

Extreme temperatures

-Compromised ability to maintain thermal
comfort

-Increased ling loads in

-Increased refrigerant tonnage needed to
achieve comfort levels

| -Increased frequency of brownouts and
blackouts

For areas prone to drought:
-Inadequate irrigation water supply
-Decreased ability to rely on water fo
cooling systems
-Potential water restrictions or
rationing

For areas prone to storms:
-Increased risk of water damage J '
-Increased stress on storm.water F"es

-More wildfire damage in forested
areas

-Higher fire insurance rates
-Increased road closure

systems
-Higher flood insurance rates
-Increased risk of water

contamination

Anbient it qualty Sea level rise and storm surge

-Decreased capacity for natural

ventilation 'lincreased risk of flooding and property
-Increased need for filtration damage during storms

-Increase incid of health i -Decreased property value

P

-Higher flood insurance premiums
-Increased erosion of site and
infrastructure

Figure 7 - B-Ready tool’s recommendations against climate change effects (DNV-GL, 2020)

As seen in Fig. 8, the B-Ready tool has some steps for evaluating the resiliency of a building. These

steps are necessary for getting a final assessment report.

B-READY Assessment Approach

<1'=!k1 Project initation, Portfolio Review

é‘ask2 Hazard Mapping and Building Selection

@ B-READY Assessment Report
Vs

Figure 8 - B-Ready resilience tool’s evaluation steps (DNV-GL, 2020)
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As conclusion, the goals of resilience tools and disaster risk reduction approaches against climate
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change are preparing the buildings against disasters, reducing the climate risks.

As mentioned previous section, Turkey has no framework for assessing the climate risks and as
mentioned above sections in article, the assessment tool or framework for climate change disasters
are important to construct suitable buildings. This framework is a general framework for evaluating
the climate change impacts. Also, this framework is modified from other frames such as climatic
risk management frameworks (Fig. 9) (Escarameia and Tagg, 2021).

Scope Risk Mitigation
definition estimation proposals
Risk identification i Risk Risk
| evaluation reduction

/control

Risk ( analysis

Risk | assessment

Risk management

Figure 9 - Flood risk management framework steps (Escarameia and Tagg, 2021)

4. A FRAMEWORK PROPOSAL FOR EVALUATING THE CLIMATE
RISKS FOR TURKEY

As mentioned in section 3, these climatic risks evaluation framework is adapted from other
frameworks. Although it is not unique framework in the literature, there is no study as means of
suggestion as framework for Turkey.

In this context, as seen in the Fig. 10, the proposal framework requires these steps;

Possible climate risks in the future; 1
extreme hot and flood for Turkey

2 Analyzing and rating of potential
climate risks in the future via using
available climate data, projection and 2
risk maps

3 Choosing the assessment method for
aim (exposure, impact, vulnerability)
and then assess the risks with
quantifying and qualifying methods 3

4 According to the risk assessment score
giving recommendations for preparing
buildings for future climate disasters

4 Conclusion and recommendations

Figure 10 - The proposal framework for climate risks for Turkey (created by authors)
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1- Risk identifying; For this step, as mentioned in the literature, risk maps and databases created on
the basis of disasters experienced in the past are used. Since possible risks in the future will be
handled within the scope of the subject, it is thought that simulations can be made by using the
regionally scaled versions of global climate projections. It is necessary to search for Turkey’s all
climate projections, specify the possible risks for the high risk field and implement this framework.
Furthermore, the stages of risk identifying can be classified as follows: as Kohler et al. (2010)
mentioned in the CRAM framework; hazard type, scale, limits, elements considered to be exposed
to risk and risk metrics.

2- Risk analyzing; It is the most important stage of risk assessments where the nature of the risks
is understood and the risk level is determined. This process can be conducted with qualitative and
quantitative methods. Due to data limitations in the literature, a qualitative approach is typically
favored when evaluating impact, hazard and risk (access limitation, none). However, qualitative

assessments can involve a high level of uncertainty requiring definition.

Furthermore, the results regarding such a risk assessment are challenging to utilize to compare the
two regions because the risk assessment is subjective in terms of experts’ opinions. Since the study
is thought to be user-focused, it is thought that qualitative analysis may be appropriate for risk
analysis.

3- Risk assessment; The steps within the risk evaluation do not take place in tandem over time, but
they are generally practiced at the same time. For instance, the risk assessment procedure should
begin while risk identification process is conducted. More precisely, the risk assessment working
group must establish risk assessment parameters to determine if a risk is high, medium, or low.
Then decisions should be taken about what degree of risk to consider. Actions must be based on
risk levels.

In the study, making vulnerability risk assessment at building scale against the determined effects
of climate change was considered. For that purpose, the vulnerability parameters related to
buildings were determined by dividing the vulnerability parameters into two (structural and non-
structural) categories as guided in the other indexes and also by using international indexes and
frames, and then the questionnaire and expert teams could decide how important each parameter
and their scoring was, and finally, the building phase would be applied in a user-oriented manner.
It is expected to specify a vulnerability level and score. The result is thought to be suitable for
creating adaptation and mitigation proposals for the building according to the level to be
determined initially.

4- Conclusion and recommendations; After the 3rd step, the result of evaluation was used for
determining the levels according to the scores determined by the experts. According to the 3rd
step’s conclusions, climate risk reduction recommendations are mentioned to skate holders, users
or designers. As mentioned in the 3rd step, the recommendations are provided up to a certain level
of risk. The levels can be categorized as 3 steps as an example: low, medium and high.

As seen in Fig. 11, the framework which aims to assess climate risks for Turkey is explained in
detail. According to the first step, ‘the risk identifying step’ includes extremely hot weather, flooding
and wildfire for Turkey according to the simulations. Thus, the scale is about building; the extent
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is a specified area which will be determined based on risk maps. The risky elements are thought to
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be buildings and its environments. The risk metric is measured as affected number of buildings and

people.

//' Scale: buildings b
Extent: specified area
Elements at risk:
« Risk identifying for Turkey | buildings, infrastructure
] e Risk metric: measuring
the risk (how much
buildingor people will
\ affect ?) 4
* Risk analyzing ‘ a

P » | -Extreme hot
4} Fibad
-Wildfire
C:}Buildingscale/

A

¢ Extreme hot, flood, wildfire

* Risk assessment

| ,/ -Specified parameters
sment ) and scoring methods
-Physical and  social
| assessment

4
* Conclusion and recommendations

\
-Getting  the  evaluation
result and specifying the
levels according to the score
determined by the experts

E—

Figure 11 - The proposal framework’s detailed steps (created by authors)

The second step related to risk analyzing includes potential climate risks for Turkey and for
buildings. At this step, it is concluded that an expert team is necessary for creating a scoreboard as
qualitative assessment. It is thought that a Likert scale can be using for the frame. A rating scale
called a Likert scale is used to analyze people's opinions, attitudes, and behaviors. In survey
research, Likert scales are popular because they make it simple to operationalize personality traits
ot perceptions. Some of the most common types of items include: Agreement: Strongly agree,
Agree, Neither agree nor disagree, Disagree, Strongly disagree. Quality: Very poor, Poor, Fair,
Good, Excellent. Likelihood: Not at all likely, Somewhat likely, Extremely likely. Experience: Very
negative, Somewhat negative, Neutral, Somewhat positive, Very positive (Scribbr, 2020). In the
study, 5-point Likert scale which includes © Very poor, Poor, Fair, Good, Excellent “ can be used.
The expert team decide the points for each building’ part. In addition, this scale is usually preferred
by assessment teams. For example, in the “Climate change impacts on the housing infrastructure
at Oneida Nation of the Thames” project expert teams used a 5-point Likert scale for assessment
the risk (Table 3) (PievcProgram, 2018).
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Table 3 - Example of a Likert scale (PievcProgram, 2018)

0 Negligible
Not applicable

1 Highly unlikely
Improbable

2 Remotely possible

3 Possible
Occasional

4 Somewhat likely
Normal
Likely

5
Frequent

Because in this step, it should be determined which climate risk affected the buildings and their
elements, and the degree of this effect should also be revealed. According to the climate scenatios
mentioned in other sections, extremely hot weather conditions will affect the buildings more than
flooding for Turkey.

The third step named “risk assessment” is the most important one because the total score will be
determined based on the result of this step. For this step, it is thought that vulnerability assessment
will be made. Moreover, buildings will be assessed in two parts: structural and non-structural
assessments will be made. The structural module includes columns, beams, walls, floor slabs and
foundations that form part of the structural system of buildings. The other part contains
architectural security, infrastructure protection, access and physical security, critical systems, and
equipment and supplies.

For the last step which is the conclusion and recommendations, contents about climate risks

mitigation are presented.

5. CONCLUSION

According to this framework and the scenarios for Turkey, it is concluded that extremely hot
weather will affect the buildings’ energy consumption because the weather degree will rise;
therefore, efficient cooling systems and building elements such as cool roof, cool materials for
facades and other elements of buildings will be necessary. Furthermore, extreme heat cycles are
often followed by a rise in the peak energy demand for active building cooling, which often
correlates with a more difficult process in obtaining sufficient cooling water for generating thermal
power under extremely hot conditions.
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In terms of flooding, buildings in Turkey’s coastal areas will be at risk. Buildings that received
damage from coastal flooding often bear the traces of wind damage as well. Water driven by
hurricane-force winds may penetrate a building through particularly sealed openings, and rain
penetrating through a damaged roof can damage the indoor area and in some cases expose the
building to dangerous water-borne pathogens. In the planning process, all sources of damage,
especially those related to water penetration into the building envelope, should be considered. It
should be noted that coastal flooding is not the only reason for direct physical damages caused by
tropical cyclones and other weather events. Accordingly, all weather hazards identified during the
design and planning stages result in adequate risk management for the building projects. Therefore,
in Turkey, buildings should be designed considering these risks.

When it comes to the impact of wildfire risk on structures, the manufacturing method for materials
used for framing and fagades, as well as non-combustible materials for both, should be considered.
Traditional construction methods utilizing either one or both of steel and concrete are reliable in
wildfire on the condition that these structures are well sealed to prevent firebrand entry. These
techniques should be used for local construction examples which not only meet local building

requirements but also resist to wildfire attack.

A framework used for assessing the climate change risks and providing recommendations to skate
holders, users or designers for the readiness of buildings against climate change risks was proposed
in this study.

By examining and comparing the approaches, it was concluded that disaster risk reduction
approaches and resiliency frameworks have similar aims and similar criteria for assessment.

In this context, the proposed framework for Turkey is created by combining these approaches and
frameworks. However, there are some issues that have to be reconsidered about the framework;

-Adaptation to relevant areas should be ensured because of Turkey’s different climate zone,
meaning framework should be resilient.

-The evaluation parameters regarding the framework should be changed according to the
building function. For example, hospital buildings require much more criteria than
residentials.

-This framework includes and suggests only physical assessment of a building, but other
parameters such as economic and social factors should be integrated to the framework for
an expanded and efficient assessment. Getting a versatile framework means having more
prepared buildings against future climate.

It is concluded that this framework highlights the climate risks for Turkey and will encourage the
designers, experts and skate-holders for creating the local assessment framework. Furthermore, by
paying attention to future weather conditions, it is necessary to update the building and
construction regulations considering climate risk assessment and management, meaning Turkey
needs a new perspective for the construction sector.
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