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Resumo

Lisboa tem na sua histéria diversos eventos sismicos. Apesar do risco conhecido, os anos recentes
demonstraram um crescimento abrupto dos pregos do imobiliario em Lisboa, levando investidores e
residentes a comprarem propriedades a pregos crescentes apesar da vulnerabilidade sismica do
edificado. O mercado imobiliario parece ndo estar preocupado com as potenciais consequéncias de um
terramoto. Prova disso, € o facto que a maioria das habitagdes em Portugal ndo possuem seguro com
cobertura de risco sismico. Este estudo tem como objetivo responder a trés questdes de investigacao:
(1) Os valores de mercado refletem uma preferéncia por iméveis menos vulneraveis a sismos? (2)
Como é que os residentes e investidores de Lisboa percecionam o risco? (3) A sua percegao de risco
afeta a sua disponibilidade para pagar por um imovel? Para responder a estas questdes foi adotada
uma metodologia baseada em métodos implicitos, através da construgdo de modelos de regresséo
utilizando dados reais de transag¢des imobiliarias (FGLS, PooledOLS, Fixed-Effects, MARS e XGBoost),
e em métodos explicitos baseados em inquéritos a populagéo (Contingent Valuation Methods). Os
resultados confirmam as expectativas iniciais do que o mercado é alheio ao risco, mas demonstram
que a percegao e agao perante o risco variam entre grupos socioeconémicos, dependendo de fatores
como a idade, estado civil e rendimento familiar. Com base nos resultados, sao recomendadas varias

politicas publicas a adotar para a mitigagéo do risco sismico.

Palavras-Chave: Avaliagdo de Risco, Avaliagdo Imobiliaria, Mercado Imobiliario, Risco Sismico,

Econometria






Abstract

The capital city of Portugal, Lisbon, has a history of suffering from seismic events. Despite the known
risk, there has been a recent upsurge in real estate prices in Lisbon, and investors and residents
continue to buy properties at increasing prices despite their vulnerability to seismic activity. The market
seems to be unconcerned with the potential consequences of an earthquake and most residential
properties lack seismic insurance coverage. This study aims to answer three research questions: (1) Do
market values reflect a preference for properties less vulnerable to earthquakes? (2) How do residents
and investors in Lisbon perceive risk? (3) Does their risk perception affect their willingness to pay for
property? The study used both implicit methods, through the construction of regression models on real
property transaction data (FGLS, PooledOLS, Fixed-Effects, MARS, and XGBoost), and explicit
methods based on surveys (Contingent Valuation Methods). The results confirm the initial expectations
that the market is oblivious to risk but show that the perception and action towards risk vary across
socioeconomic groups, depending on various factors such as age, marital status, and household
income. Based on the results, several public policies to address seismic risk mitigation are

recommended.
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1. Introduction

1.1. Context

According to the United Nations (Leilani, 2017), the value of global real estate market is about
US$ 217 trillion, nearly 60% of the value of all global assets, with residential real estate comprising
75 per cent of the total. Lisbon, the Portuguese capital city, has seen an upsurge in real estate
prices in the period between 2015-2023, leading to a consequent increase in the market value of
its housing stock. According to the National Statistics Institute (INE'), in 2012, the Lisbon
Metropolitan Area (LMA) saw 2.38 billion euros worth of residential properties being transacted.
In 2022, that number had increased to 13.26 billion, a 557% increase. Lisbon's seismicity is well
known after suffering one of the most devastating earthquakes of 18th-century Europe in 1755.
Additionally, 27.3% of residential buildings in the LMA were built before any seismic regulation
was in place, and that percentage rises to 63.9% of residential buildings if we only consider

Lisbon’s municipality (Costa et al., 2008).

Despite the risk, the market seems to be oblivious to it. The city’s residents and investors continue
to buy properties at increasingly higher prices despite their vulnerability to seismic activity. This
is aggravated by the fact that most residential properties do not have seismic insurance coverage
and that over 70% of dwellings are occupied by its homeowner. While that number is less
significant in Lisbon, around 50% of its dwellings are occupied by their homeowners (CML 2023).
This is the case because, like in other Southern European countries, there is a homeownership
culture, and acquiring a primary residence is culturally seen as a landmark of reaching adulthood.
This leads to most wealth of Portuguese households being held in real estate properties, mainly

in the form of primary residences (INE 2020).

According to ISO 31000:20182, “risk is usually expressed in terms of risk sources, potential
events, their consequences and their likelihood”. Regarding the consequences, previous studies
have estimated the number of deaths in LMA in more than 12 000, along with several thousand
severely damaged or collapse buildings (Costa et al. 2008). On this basis, one should expect the
increase risk to be translated into market discounts/premiums for the most/least vulnerable
properties. In addition, the added risk makes crucial the study of its perception by residents and
investors so measures to mitigate it can be effectively taken. In the end, a clear understanding of
the Lisbon’s real estate market and of its residents’ perception should allow the design of public

policies aimed to protect the capital city’s inhabitants.

" Source: INE
2 https://www.iso.org/standard/65694.html




1.2. Objective and research questions

This works proposes to address three central research questions:

e R1: Do market values reflect a preference for properties less vulnerable to earthquakes?
¢ R2: How do residents and investors in Lisbon perceive risk?

o R3: Does their risk perception affect their willingness to pay for property?

The answer to these questions should provide a deeper understanding of Lisbon’s reality and
serve as a basis for many other cities worldwide where the long-past memory of seismic events

puts its housing stock and its households at risk.

1.3. Structure

This work will be structured as follows:

e A comprehensive literature review will present previous studies on natural hazards and
their impact on the economy and the real estate market (chapter 2). This section will also
cover risk perception, the risk-assessment process made by households and institutions,
and their willingness-to-pay. Additionally, an overview of the Portuguese reality and,
specifically, Lisbon’s case study will be presented, showing its current housing stock,
trends, and seismic risk.

e The following section (chapter 3) will be composed of the methodology, which will address
the statistical models used to analyze an extensive property transaction database
containing over 8 000 transactions in Lisbon from 2008 to 2018 and the analysis of
surveys. Building stock, ground motion, spatial and economic considerations will also be
addressed in this chapter.

e The results (chapter 4) and the discussion (chapter 5) sections will be divided into
subsections according to the research questions they aim to address. One should note
that some information serves as the base for multiple research questions.

e The final chapter (chapter 6) will present the conclusions of this work, policy

recommendations and future avenues of work.

1.4. Methodology overview

Both revealed and stated preferences were assessed to develop this work and answer the
research questions. The former was evaluated through the exploratory data analysis (EDA),
containing univariate and bivariate analysis as well as an understanding of the spatial distribution
of values. This was achieved through the analysis of central tendency measures for the database

attributes, plots using the GeoPandas library in Python, a Principal Component Analysis (PCA),



a Feature Importance analysis using the Extreme Gradient Boosting Tree (XGBoost) algorithm,
a Best Subset Selection, Moran-I and LISA indicators. After the initial EDA, a set of regression
models was constructed to assess the impact of various endogenous attributes, as well as seismic
vulnerability, on property prices. Among the methods used, a multiple linear regression model
with Feasible Generalized Least Squares estimation, a PooledOLS, a Fixed-Effects model, a

Multivariate Adaptive Regression Splines model, and an XGBoost model were implemented.

Then, to assess stated preferences, a survey was conducted on 325 people, aiming to understand
their seismic risk perception and their willingness to pay for structural retrofitting and for added
seismic resistance. The survey was distributed online to allow for a larger sample and avoid any
interviewer bias that could have influenced the results. The results allowed for a deep
understanding of the impact of perception on people’s awareness and action towards risk. Finally,
a joint regressive model was constructed using the results of the stated preferences survey as

input variables to estimate property prices in the neighbourhood.

1.5. Main contributions

In conclusion, this thesis aims to explore the relationship between the real estate market, seismic
risk, and the perceptions of residents and investors in Lisbon. It will investigate the preference for
properties less vulnerable to earthquakes, risk perception, and its influence on the willingness to
pay for a property. The research aims to provide a better understanding of the dynamics in the
Lisbon real estate market. The findings will contribute to the body of knowledge on natural
hazards' impact on the economy and serve as a foundation for developing effective public policies
for the city's inhabitants. The results are expected to empower policymakers, residents, and

investors to mitigate risks and ensure a safer and more sustainable future for Lisbon and beyond.






2. Literature Review

2.1. Overview

Previous studies have considered the Portuguese capital of Lisbon to have a moderate seismicity
risk (Borges et al., 2001). A major earthquake, like the ones of 1531 and 1755, would have
significant consequences on the country’s economic landscape and the lives of its inhabitants.
Many recent studies have focused on the economic assessment of natural hazards and the
relationship with the perceived risk (Asgary et al, 2007; Naoi et al., 2009; Modica & Locati, 2016;
Peng, 2021). Throughout this chapter, a review of the primary methodologies used for assessing
both implicit and explicit preferences involving real estate properties and the perception of risk by
investors and homeowners will be carried out. The aim is to understand how the real estate
market values natural hazard risks, especially seismic risk, and how they can be quantified. Lastly,
some case studies and policy implications will also be revealed.

There are nine main sections in this chapter. After this introductory note, the second section will
focus on describing the methodology used for selecting literature. The third section provides a
brief description of valuation in the real estate market. The fourth will focus on natural hazards
and their impacts on real estate, with a notice on earthquakes. The fifth section will focus on risk
perception and the sixth on how this risk is assessed both by households and by institutions. The
seventh will present how the willingness-to-pay can be address by explicit and implicit measures.
Next, the eight section will present the case study: the economic context, the seismic risk and the
vulnerability of Lisbon’s building stock (the case study for this research). The ninth and final

section will present some concluding remarks from the literature review.

2.2. Review Methodology

The review mainly focuses on the works of the last 20 years, selecting articles published between
2000 and 2020 to build the literature review. Older studies, when considered relevant and helpful
to the research using a method of backward snowballing (Jalali & Wohlin, 2012), were also
included. The primary databases used during this process were Web of Science, Science Direct,

Elsevier and Google Scholar.

For the first part of the review, papers in the English language were considered, using the
following keywords: real estate market AND risk, natural hazard risk, property valuation AND risk,
seismic risk, post-disaster loss assessment, seismic loss assessment, earthquake insurance,
natural disasters AND real estate, risk perception and decision-making process. In this first phase,
all geographies were considered. Nevertheless, most papers were found to be related to regions
of higher seismic activity, such as the United States (especially California), Iran (e.g., Tehran,
Tarom, Zanjan and Rasht), Japan (e.g., Tokyo) and Turkey (e.g., Istanbul). In addition, although
the primary focus was on seismic risk, other natural hazards such as floods and typhoons were

also considered.



Papers addressing Portugal and Lisbon’s Metropolitan Area were analyzed in the second phase.
The scope was extended to include works in the Portuguese language using the following
keywords: Lisbon real estate market, Lisbon seismic risk, Portugal seismic risk, Lisbon
earthquake risk, Lisbon building stock (English); Risco sismico Lisboa, Mercado imobiliario em

Lisboa, vulnerabilidade sismica, parque habitacional Lisboa (Portuguese).

Summary tables containing the bibliography considered essential from the first two phases of the
literature review can be found in Annex A (Table A.0-1 to Table A.0-4).

In the third phase, the biases in the decision-making process and how to address them when
delivering questionnaires was analyzed, building up the base for the methodological approach

adopted in developing the questionnaire to evaluate risk perception.

The literature review process began at the start of this project and has been updated ever since.

Thus, one made an effort to keep up to date with the latest work in the field.

Up to this point, the literature review intended to provide an understanding on how the markets
react to natural hazard risk and on how human perception (of risk) is affected by its context, such
as the individual's cultural and economic environment. Furthermore, this broader scope would
allow to understand the best methodologies to apply to the Portuguese reality. Therefore, the
fourth research phase focuses on the Portuguese market and the specificities related to its

building stock and geography.

2.3. Real Estate Market

The real estate market is composed by all the real estate property transactions occurring in each
location, over a defined timeframe. As mentioned earlier, it constitutes one of the largest asset
classes across all capital markets, and is, for most homeowners, the largest purchase made
during their entire lifetime. Thus, the dynamics of the real estate have a significant impact on both
the government budget (local and/or central government, depending on the location) and on the
households’ budget. Hence, the study of real estate market cycles is crucial for a deep
understanding of larger economic cycles. In order to study market cycles and trends, it is essential
to have a clear definition of “valuation”.

Itis important to distinguish between market value and market price to have a clear understanding
of this dissertation. According to the International Valuation Standards Council (IVSC), “market
value” is defined (RICS, 2020) as:

“The estimated amount for which an asset or liability should exchange on the valuation date
between a willing buyer and a willing seller in an arm’s length transaction, after proper marketing

and where the parties had each acted knowledgeably, prudently and without compulsion.”



As per definition, it is only an estimate of the exchange price if it were to be sold on an open
market. The market value is usually attributed by a real estate appraiser, based on a set of
assumptions on the property’s condition, location, and market conditions (local supply and
demand) at the time of the appraisal. It can be understood as a snapshot estimate of its value,
based on the application of a valuation method, given it has a temporal validity. The comparable
method, the investment/income method and the cost method are some of the most used
traditional valuation methods (see Pagourtzi et al., 2003). Note that there are several assumptions
taken when valuing a property. In practice, some sales do not meet the assumptions of “proper
marketing”, and “knowledgeable and prudent” counterparties. Psychological bias also affects both
the buyer and the seller. Thus, there might be a gap between the actual market price and the

property’s valuation.

Market values, such as the ones provided by banking valuations, can nonetheless be used as
proxies for the price. Rough estimates of a property’s market value are also used to calculate its

reconstruction costs after a natural disaster (see Bradshaw (2003)).

Market price (“selling price” or simply “price”) is the actual exchange price in the marketplace. In
its turn, the market price will then influence the market value of future sales (as in the comparable
method). This is the preferred value to be used since it refers to the actual transaction price;
hence it translates both the buyers’ and sellers’ willingness. Authors such as Brookshire et al.

(1985), Beron et al. (1997) and Nakagawa et al. (2009) use market prices as variables of interest.

Finally, some authors (see, for instance, Onder et al. (2004)) use listing prices as a reference for
modelling. The list price is a property's suggested gross sale price when put on the market. It
does not have to equal either the market value or the market price, but it constitutes a proxy for

the market price, usually 1%-10% above.

2.4. Natural Hazards

2.4.1. Definition

The United Nations Office for Disaster Risk Reduction (UNDDR) defines hazard as a process,
phenomenon or human activity that may cause loss of life, injury or other health impacts, property
damage, social and economic disruption, or environmental degradation. When a natural hazard
affects a region, causing significant damage to the population affected, it classifies as a natural
disaster, that is, a severe disruption of the functioning of a community or a society involving
widespread human, material, economic or environmental losses and impacts, which exceeds the
ability of the affected community or society to cope using its own resources. Natural disasters
affect millions of people across the world every year. Much scientific research has been devoted
to understanding these phenomena, with the goal of increasing the ability to predict and prepare
for natural hazards (Cavallo & Noy, 2011).



This chapter uses data from the International Disaster Database (EM-DAT), an extensive
resource on natural disaster records created in 1988 by the Centre for Research on the
Epidemiology of Disasters (CRED), at the Catholic University of Louvain, with the support of the
World Health Organisation (WHO) and the Belgian Government. This database contains records
of natural disasters occurring worldwide ranging from 1900 to 2021. It contains more than 22 000

records, and it will serve as base for the analysis.

Before analyzing damage costs, it is essential to distinguish between direct and indirect damages.
According to Bradshaw (2003) direct damages occur at the moment of the disaster or within the
first few hours. However, depending on the magnitude of the disaster, this time frame may be
extended to a period of up to five years. These direct damages account for damage to
infrastructure, property, immovable assets on stock (including final goods, goods in process, raw
materials, materials and spare parts), livestock, mortality and morbidity that are a direct
consequence of the natural phenomenon (i.e., an earthquake, a flood, or a drought). The
estimated damage shown in EM-DAT database can be classified as following these criteria.
However, one should remember that there are also indirect damages from a natural disaster.
Indirect damages refer to economic activity, particularly the production of goods and services,
which will not occur after the disaster and because of it (Cavallo & Noy, 2011).

2.4.2. Occurrence

Floods are the most recurring natural disasters, with 34.4% of all natural disaster occurrences in
the database, averaging 45 events every year. Storms and earthquakes follow in the number of
occurrences with 27.91% (at a rate of approximately 37 events per year, on average) and 9.63%
(at a rate of approximately 13 events per year, on average), respectively. Figure 2-1 shows the

distribution of natural events by type during the available period.

Natural Disasters by Type [1900-2021]

Flood
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Figure 2-1 - Natural Disasters (1900-2021). Data Source: EM-DAT

As seen in Figure 2-1 floods are the most common natural disaster. However, they are not the
one causing the most damage. Storms cause, on average, 13.32 billion dollars in damages each

year, killing more than eleven thousand people and affecting the lives of more than ten million. It



is worth noting that the value of real estate assets also significantly influences the overall
damages’ economic assessment. Therefore, the same material damages can have different
financial valuations depending on the country of their occurrence. Table 2-1 shows the yearly
averages of damage costs, deaths and the number of people affected by the disaster. Note that,
while less frequent, at only 4,77% of all occurrences, droughts are the deadliest, having claimed
the lives of more than 11 million people over the past 121 years.

Table 2-1 - Natural Disasters summary table (1900-2021). Data Source: EM-DAT

Disaster Type Total Dal;nsasg;es (‘000 Total Deaths | Total Affected Most Affected Country?®
Storm 13 323 970.00 11576 10 284 020 USA
Flood 7 316 628.00 57 784 32 044 550 China
Earthquake 6 938 941.00 19 337 1658 108 China
Drought 1505 827.00 96 954 22 867 140 China
Wildfire 984 911.40 37 58 968 USA
Extreme temperature 522 862.30 1593 856 492 India
Landslide 90 982.93 553 120 862 China
Volcanic activity 42 891.83 717 79128 Indonesia*
Insect infestation 1901.86 0 23159 Niger
Mass movement (dry) 1727.27 38 228 China
Glacial lake outburst 1702.48 2 0 India
Impact 272.73 0 2492 Russia
Epidemic 0,06 79 451 408 825 D.R. Congo
Animal accident - 0 0 Niger
Fog - 33 0 UK

Geography is one of the most critical factors contributing to a country’s exposure to natural
hazards. Japan, for instance, is one of the world's most earthquake-prone countries since it lies
at the nexus of four tectonic plates (Naoi et al., 2009) in a region called the Ring of Fire®. The
active faults near Tehran (Iran) (Asgary et al., 2007), in California (USA) (Brookshire et al., 1985),
or the ones in the West of Chengdu (China) (Deng et al., 2013) are also responsible for several
seismic events. Several hurricanes also hit Florida (USA) due to its location (see Pielke et al.
(2008)). Disasters are often described as a combination of hazard, exposure and vulnerability.

However, measures to reduce or cope with the potential negative consequences significantly

3 By number of occurrences

4 Indonesia is notoriously affected by the Sunda Arc, the region where the Indian-Australian plate meet the Southeast
Asian plate (see for instance Curray (1989))

5 https://www.britannica.com/place/Ring-of-Fire




impact the aftermath. The socioeconomic conditions of a country also play a significant role in the
outcome of a natural disaster. According to Sen (1981, as cited in Cavallo & Noy (2011)), the very
occurrence of natural disasters are economic events. Therefore, one should expect that countries
with higher development and financial stability would be more resilient to economic shocks
caused by natural hazards. Toya and Skidmore (2007) argue that countries with higher income,
higher educational attainment, greater openness, smaller government and more complete
financial systems experience fewer losses due to higher implementation of precautionary
measures to reduce the impacts of natural disasters. Higher levels of income also increase private
demand for safety. As an example, we may look to the effects of the 2011 Haiti earthquake, a 7.0
in Richer scale earthquake which struck the densely capital of Port-au-Prince, causing between
200 000 and 300 000°¢ deaths and a massive impact on the economy (over 100% of country’s
GDP). In 2009, the country registered a GDP per capita of $1 172,1 USD’. One month after the
event, in February 2010, Chile suffered an 8.8% earthquake near its capital city, Santiago. With
more robust financial stability, the country registered a GDP per capita of $12 227,2 USD and
suffered less than 1000 deaths (Cavallo & Noy, 2011).

However, a natural disaster's economic impact cannot be measured only by the number of deaths
or total damage costs. These events affect the lives of many people and economic sectors: from
agriculture and industry to housing and tourism. In this dissertation, the author will focus on one
specific economic sector: real estate. Disasters often result in property damage and asset
destruction (Bennett,1989; Beron et al., 1997; Badri et al., 2006; Lee et al., 2017). The following

chapter will review the existing literature on the impacts of natural disasters on real estate.
2.4.3. Impacts

Many authors have studied the impact of several types of natural disasters on real built assets:
floods (Harrison et al., 2001; Bin & Polasky, 2004; Daniel et al., 2009), earthquakes (Brookshire
et al., 1985; Beron et al., 1997; Tekeli-Yesil et al., 2011; Deng et al., 2013; Modica & Locati, 2016;
Fekrazad, 2019), wildfires (Donovan et al., 2007; Kiel & Matheson, 2018), storms and hurricanes
(Hallstrom & Smith, 2005; Ewing et al., 2007; Burrus et al., 2009; Zhang et al., 2010; Asgary &
Halim, 2011; Lee et al., 2017).

The damage to property caused by natural disasters depends on the type of natural disaster and
the type of construction. Earthquakes typically damage structural elements (beams, joists, panels,
load-bearing walls, etc.) and non-structural elements (partition walls, non-structural roofs,
furniture, installations, equipment, etc.). Intense storms and hurricanes exert extraordinary
pressure on buildings and may lead to structural and non-structural damages (Bradshaw, 2003).

Floods may affect a building’s structure or bury it in mud, leading to equipment and furniture loss

6 Estimated number of deaths varies between sources. While the Haitian government as claimed that more than 300.000
people lost their lives (see https://www.britannica.com/event/2010-Haiti-earthquake ), other sources claim fewer numbers
(see as an example Cavallo (2011))

7 source: https:/data.worldbank.org/indicator/NY.GDP.PCAP.KD?end=2009&start=1960

8 In Ritcher scale

10



and rendering it useless. However, across the literature, the general belief is that households’ and

markets’ reaction is more closely linked to the shock rather than to the type of natural disaster.

Bin and Polasky (2004) studied the impact of Hurricane Floyd on the housing market of Pitt
County, North Carolina (USA). They found out that properties within the floodplain had a lower
market value than others ceteris paribus and that the occurrence of this hurricane only aggravated
the risk premium. Daniel et al. (2009) reviewed the results of several studies on the effect of floods
over multiple locations in the US housing market and concluded that an increase in the probability
of flood risk of 0.01 in a year is associated with a difference in transaction price of an otherwise
similar house of —0.6%. Donovan et al. (2007) studied the impact of wildfires in Colorado Springs,
Colorado (USA) and found a negative effect on housing prices, in the surrounding area,
immediately after the event but diminished over time. Hallstrom and Smith (2005) studied the
impact of a “near-miss” Hurricane Andrew (1992) on the housing market of Lee County, Florida
(USA). They concluded that the “near miss” experience led to a 19% decline in housing prices
due to the increased awareness of homeowners of natural hazards. Finally, Zhang et al. (2010)
analyzed the impact of several hazards (flood, hurricane and toxic chemicals) and concluded that
risk perception is a mediating factor between hazard proximity and property value. Thus, an

increased notion of proximity to a hazard will lead to a discount in the property value.

The general belief across the literature is that the initial shock caused by a natural disaster, even
if it is a “near-miss” or out-of-market event, causes a change in the households’ risk perception
leading to a decrease in housing prices, especially in the properties assessed by households as
of greater risk. However, some authors have found evidence of slight increases in housing prices
due to initial overestimation of damages (see for instance, Beron et al. (1997)) or even negligible
effects on housing prices. Several factors should be considered, providing plausible explanations
for the variety of results. Previous knowledge of risk, people's attitudes towards risk and their
cultural environment can alter individuals' risk perception and their assessment of whether they
may be personally affected by a natural disaster (Palm, 1998; Asgary & Willis, 1997; Peng, 2021).
Hence, to understand the effect of natural hazards in the real estate market, it is critical first to
understand human risk perception and the limitations of human cognition (Pryce et al., 2011) as
well as the households’ assessment of risk. A deep understanding of these foundational concepts
will lead to a better understanding of the actual impact in the market and how governments should

effectively communicate and disclose “hazardous information”.

A summary table (Table A.0-2) containing the studies mentioned above and their key findings can

be found in Annex A.
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2.4.3.1. Earthquakes’ Impact

According to the International Disaster Database (EM-DAT)?, yearly, earthquakes have caused
an average of 19 336 deaths and almost 7B$ in total damages since 1900. The most affected
countries in the world by number of occurrences are China (12,75% of total events), Indonesia
(8,69%) and Iran (8,5%) (Figure 2-2).

Earthquake Records 1900-2021

China

Indonesia

Iran (Islamic Republic of)
Turkey

Japan

Peru

United States of America (the)
Italy

Mexico

Greece

0.0% 20% 40% 6.0% 8.0% 10.0% 12.0%

Figure 2-2 - Top 10 countries by percentage of global earthquakes (1900- 2001). Data Source: EM-DAT

China (652 419 deaths), Haiti (222 593 deaths'®) and Indonesia (203 460 deaths) present the
highest death toll, while Japan (384 B$), China (112 B$) and Italy (55 B$) have suffered the most
significant total damages. Figure 2-3 and Figure 2-4 show the geographical distribution of deaths
and total damage.

Total Number of Deaths - Earthquakes 1900-2021
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Figure 2-3 — Deaths due to earthquakes (1900-2001). Data Source: EM-DAT

® https://www.emdat.be/ ; For an event to be registered in the database it has to fulfil at least one criteria of the following:
(a) ten or more people reported killed; (b) Hundred or more people reported affected; (c) Declaration of a state of
emergency; (d) Call for international assistance.

% 1n a single earthquake on the 12th of January 2010
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Figure 2-4 — Damages due to earthquakes (1900-2001). Data Source: EM-DAT

The deadliest earthquake'! was the 1976 Tangshan earthquake, claiming 242.000 lives, and the
costliest event was the 2011 Tohoku earthquake and tsunami in Japan, with total damage
surpassing 210 B$. It is no surprise that most of the scientific literature concerning the impact of
earthquakes on real estate relates to the most affected geographies. Naoi et al. (2009) studied
the effect of earthquake risk in the Japanese real estate market, a country with an annual average
of 1.14 events equal to or greater than a magnitude of 5.5 on the Ritcher scale between 1980 and
2000. Using nationwide panel data, Naoi et al. (2009) found some modifications to individuals’
earthquake risk assessment after a seismic event. Although they found no clear evidence of a
negative correlation between the valuation and regional earthquake risk in pre-quake periods,
they found a significant correlation in post-quake periods.

Households can hedge against earthquake risk by purchasing insurance policies. Naoi et al.
(2009) also stated that earthquake damage is not fully insured in Japan, as in other countries.
According to EM-DAT, only 17.8% of the total damage was covered by insurance during the 2011
Tohoku earthquake and tsunami, confirming the findings by Naoi et al., (2009). The author also
argued that “since an earthquake is an exogenous risk factor that is tied to a specific location, its
risk should be capitalized into local housing and land prices. Estimating individuals’ risk is crucial
for evaluating benefits of earthquake damage mitigation policies”. Throughout the literature, there
is evidence that increased risk factors should have negative impacts on price and offering a
discount on riskier properties is generalized across the literature (Brookshire et al., 1985;
MacDonald et al., 1987; Willis & Asgary, 1997; Onder et al., 2004; Bin & Polasky, 2004; Hallstrom
& Smith, 2005; Nakagawa et al., 2007; Fekrazad, 2019).

Nakagawa et al. (2007) analyzed the Tokyo real estate market and found evidence that the
disclosure of a building-specific earthquake risk index, compiled by the Tokyo Metropolitan
Government, led to lower land prices in areas with disclosed substantial exposure to earthquake
risk. Two years later, Nakagawa et al. (2009) analyzed land prices in Tokyo during the 1980’s and

1990’s and found that households had seemed to become increasingly aware of earthquake risk

" According to EM-DAT database. Note there is no consensus on the number of deaths on the Port-au-Prince’s
earthquake (2011)
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throughout the last decade. Land prices in riskier locations showed an average 8% discount
against that of safest locations. Unlike previous papers, the authors found no evidence of a
statistically significant impact of the Great Hanshin-Awaji Earthquake or the disclosure of the
hazard map. Naoi et al. (2009) found out that the price discount from locating in a quake-prone
area in Tokyo, is significantly more considerable soon after an event than beforehand. Hidano et
al. (2015) also analyzed the Tokyo housing market's response to disclosed information on
earthquake resistance and found that properties in low-risk zones were priced at a premium of
13 970-17 380 JPY relatively to properties in higher-risk zones. The author also concluded that
prices of newly constructed properties with higher structural safety standards were not

significantly affected by risk, contrary to their older counterparts.

In China, Deng et al. (2013) analyzed the impact of the 2008 Wenchuan earthquake to analyze
the pricing behaviour of units on lower versus upper floors before and after the earthquake. They
found that average housing prices decreased after the tremor and that high-floor units were
subject to the most significant discounts. Also, the relative prices of low (first and second floor,
mainly) to high floor units, considerably increased after the earthquake. This is due to the belief
that living on lower levels would allow people to exit the building faster. However, the authors
state that there is no evidence of higher survival rates among people living on lower floors. The
authors argue that this effect may have resulted from an overreaction of individuals to the dramatic
event, which is consistent with the “self-insuring” behaviour of other rational individuals living in
hazardous areas. They point out that this overreaction to dramatic events has also been observed
across the financial markets, leading to significant corrections in the stock market, as documented
by several authors (see for instance, Brooks et al. (2003) and Ederington and Lee (1993, 1995)).
According to the authors, the potential fear driving this price differential should dissipate
eventually, leading house prices to return to normal levels as people realize that the probability

of recurrence of such an event is very small.

In Iran, Willis and Asgary (1997) found a significant price difference between earthquake-resistant
houses across all districts in the city of Tehran. The authors argue that this price difference might
be further increased with additional disclosure of information about earthquake risk. However, this
sensitivity varies between city areas and socioeconomic groups. Despite the awareness in the
post-quake period, Earthquake Risk Reduction Measures (ERRMs) had not been widely used
due to the increased construction costs. Therefore, legal measures and recent earthquakes only

have a short-term impact on the housing market.

Onder et al. (2004) used listing prices from newspapers in 1995 and 2000 to analyze the impact
of the 1999 Kocaeli Earthquake on Istambul’s housing market. They concluded that the distance
from active fault lines is an essential factor explaining house values in the Turkish city and that
the event had increased its impact. However, the authors argue that the distance to fault lines, as
an explanatory factor, dwindles when controlling for other neighbourhood characteristics. They

have also found out that the warnings about the soil type resistance, previously made by
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geologists, had only been of significance to high-income locations, contributing to the idea that

the levels of awareness and tolerance to risk also depend on the socioeconomic environment.

In Italy, Modica and Locati (2016) studied the housing market response to the 2012 Northern Italy
earthquake and found evidence of overreaction due to the level of damage produced. There was
an average of 4.6% price reduction after the shock, and the regions most affected by the
earthquake were also the most affected by this price reduction. It is noteworthy that villas with
better structural quality were less affected by the price drop, suggesting that households have

factored in the perception of resistance to earthquakes.

Brookshire et al. (1985) found significant impacts on land pricing in the United States after the
State Government of California disclosed a hazard map made available by a 1974 state law. The
author argued that this disclosure created space for a new market for safe housing in California.
Contrary to Brookshire, Beron et al. (1997), in the aftermath of the 1989 Loma Prieta earthquake,
found evidence that households had initially overestimated the risks, leading to a downward
revision in the market value of earthquake risk in the post-quake period. Palm (1990), as cited in
Nakagawa et al. (2007), showed that legislation did not significantly affect the housing market, as
most appraisers did not give any higher price on a comparable property in a lower risk area. The
author also found that clients had only rarely asked about the seismic hazard, and few purchasers

checked for evidence of previous damage from earthquakes.

McGinnis (2004) also analyzed the effect of the 1989 Loma Prieta and 1994 Northridge
earthquakes. The author concluded that both events had impacted the consumers’ behaviour to
earthquake risk over time, thus increasing the risk effect on prices; however, he stated that this

impact tends to wear over time.

Fekrazad (2019) studied California’s housing market response to the news of out-of-market
(OTM) earthquakes. He found a decrease of 3% to 6% in the home value index and median listing
prices, respectively, for zip codes with high seismic hazard risk, after high-casualty events (with
a death toll of 1000 or more) outside of California. The author also found that higher death tolls
would lead to more significant increases in the price differential and that an earthquake in Europe
significantly impacts California’s market more than a similar event in another region. This
“affection reaction” to events happening to people that we consider similar to ourselves, in what
might be a manifestation of affinity bias'® or unconscious bias', leads to a higher price
differential. In essence, the news of these events reminded households of their risk exposure.
Also, such events may receive increased media coverage, contributing to risk awareness. This

has resulted in a transfer of bargaining power from the sellers of high-risk properties to the buyers.

12 Affinity bias is the unconscious tendency to get along with others who are like us. It is easy to socialize and spend time
with others who are not different. However, it requires more effort to bridge differences when diversity is present.

8 Unconscious bias (or implicit bias) is often defined as prejudice or unsupported judgments in favour of or against one
thing, person, or group as compared to another in a way that is usually considered unfair.
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However, the author also noted that the effects of OTM news dissipate one month after the

earthquake occurs.

If the government correctly assesses the earthquake risk and applies policies promoting public
disclosure and educational campaigns on the risks, the occurrence of an event should not
substantially alter their perception. The increased transparency will benefit the population and the
real estate market, leading to a preference for more resistant buildings and less quake-prone
areas and, consequently, to lower values of damage and lower price discounts in the real estate
market. Since legal and educational measures have short-term effects on the market, educational
campaigns should not be a one-time event. They should be repeated across time. If households
overestimate the potential damage, the occurrence of a mild seismic event may even lead to a

slight increase in prices as demonstrated by Beron et al. (1997).

A summary table (Table A.0-2) containing the studies mentioned above and their key findings can

be found in Annex A.
2.5. Risk Perception

ISO 31000 (2009) defines risk as the “effect of uncertainty' on objectives” (ISO 3100). It is
generally conceived as consisting of two components: the likelihood and the severity of negative
outcomes (Van Der Pligt, 1998). Risk is usually assessed from a quantitative point of view,
through statistical tools, as in the case of insurance companies, but is also perceived by
households in intuitive risk-judgements based on media coverage and social influences
transmitted by family, friends and public officials (Slovic et al., 2016). The previous section
presents numerous examples of how household risk perception can impact property market

valuations.

As human beings, we frequently assess risk empirically in our day-to-day life. However, the risk
is usually poorly determined, especially in low-probability events (Kahneman & Knetsch, 1992);
this occurs because we are subject to heuristics and biases, rules of thumb and empirical
knowledge from past experiences misguiding our quantitative risk estimates. These biases also
result from our cultural background, age, gender, educational level, and income levels (Pidgeon
et al., 2003; Onder et al., 2004; Tekeli-Yes et al., 2011; Lindell & Perry, 2012). As Wolff et al.
(2019) states, it “does not matter whether someone judges the risk of going to the dentist or going
to Mallorca, they will still be influenced by the same heuristics and biases”. Moreover, the
perception of hazard is not only limited by the uncertainty of hazard occurrence, but also by the
limitations of human cognition (Pryce et al., 2011; Peng, 2021). In sum, many factors may amplify

or attenuate our perception of risk. All these affect the purchaser’s decision-making process.

4 According to ISSO 31000 (2009) “Uncertainty is the state, even partial, of deficiency of information related to,
understanding or knowledge of an event, its consequence, or likelihood.”
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This chapter will provide an overview of households’ perception of risk and the decision-making
process, as well as some biases and heuristics that may come into play in assessing of risk, and,

ultimately, for the case of this research, in pricing of real estate.

There is a common belief across psychologists that the primary sources of human behaviour
result from people’s cognitive perceptions, which result from human interactions (social and
cultural). Thus, mere exposure to information will not automatically lead to a change in behaviour,
and therefore the problem is not limited to a lack of information (Van Der Pligt,1998; Fekrazad,
2019).

Many researchers have identified several ways individuals resist information about their
vulnerability to harm (see for reference, Weinstein et al. (2000)). We may hypothesize that this
lack of behavioural change upon risk information may also arise from individuals’ natural tendency
to “bury their head in the sand” and avoid or reject negative details, a phenomenon known in the

psychology literature as the “Ostrich Effect” (see, for reference, Karlsson et al. (2009)).

Asgary and Willis (1997) state that the process of risk perception can be modelled as a sequence
of hear-perceive-respond. People personalize what they hear in what may be called “perceived
vulnerability”. Then, based on their assessment, they respond by taking or not taking action.
Perception bias refers to the divergence between the objective probability of a given risk and an
individual's perception of the risk (Daniel et al., 2009). This bias rising from their subjective
perception may be one of the causes why individuals may not be able to perceive actual risks
based on expert information or news coverage (Florax et al., 2005). Informing the general public
based on scientifically estimated risk does not always promote appropriate risk perception. This
leads to distorted perceptions, leading people to strongly oppose some hazards that experts find
to be of lower risk while ignoring riskier hazards. The frequency of exposure to information may
also influence perceived vulnerability, given that individuals will often violate Bayes’ rule,
overweighting recent information and underweighting prior data (Zhang et al., 2010; Deng, 2013).
This phenomenon is commonly referred to in the psychology literature as “salience bias” (see for
reference Tiefenbeck et al. (2018)). Lobb et al. (2012, as cited in Fekrazad (2019)) found that
following the 2012 Haiti earthquake, Twitter posts, press releases and charitable donations
peaked after one week. The same author argued that individuals might forget the event within
one month, thus, the effects on their response to risk may also fade out.

Generally, there is a belief that households tend to underestimate earthquake risk if there has not
been a recent occurrence (Naoi et al., 2009). However, natural disasters can dramatically change
individuals’ perceived vulnerability. For example, Bin and Polasky (2004) found out that the
extensive scale damage caused by Hurricane Floyd led to increased awareness and a 24%
increase in sales of flood insurance policies in North Carolina. Experiencing events such as
floods, earthquakes, or hurricanes may lead to prolonged posttraumatic stress disorders, panic
attacks, recurrent nightmares, and survivor-guilt feelings (de la Fuente (1986), as cited in Dooley

et al. (1992); Wood et al., 1992). Large-scale disasters have been shown to create a feeling of
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vulnerability and decrease unrealistic optimism, even among those who were not victims of the
event. Even out-of-market or “near-miss” events may change individuals’ perceived vulnerability
since people tend to learn from comparable circumstances (Weinstein et al., 2000; Hallstrom &
Smith, 2005; Fekrazad, 2019). In earthquakes, the distance to the fault and the degree of ground
shaking experienced in the same event will also lead to differences in risk perception in the post-
quake period (Deng et al., 2013). Different levels of damage during the event have also been
found to translate into different levels of perceived risk (Modica & Locati, 2016).

Overall, the literature demonstrates that households are initially unaware of earthquake risk or at
least underestimate it in most locations. A seismic event produces an emotional shock that forces
the perceived risk to be better aligned with the objective probability and associated
consequences. Regions like San Francisco, with a higher public disclosure of seismic risk, may
present different initial market conditions, even resulting in an overestimation of the risk (Beron
et al., 1997). In addition, a massive earthquake in neighbouring regions or similar socioeconomic
markets abroad may alter the household’s perception. As people learn from comparable
circumstances, this may result in post-quake discounts for property values within quake-prone
areas and less resistant buildings. Markets may be distorted by any event changing the perceived

importance of previously ignored risks (Lamond et al., 2010).

Despite a high perceived vulnerability, households may decide not to take mitigation measures
due to their fatalistic attitude (Asgary & Willis, 1997). They will not take action if they perceive that
there is nothing they can do to alter their fate. Some authors argue that, even in the case of
increased information, if individuals have low expectations about dealing with risk, they will have
a fatalist attitude which will translate into decreased intentions to behave adaptively (see for
reference Van Der Pligt (1998)). Conversely, people tend to construct their own theory of why
some people or places are at risk. Weinstein et al. (2000) argue that this “loss of perceived
behavioural control” may be shattered by the occurrence of a nearby disaster resulting in a
decreased bias. Strong emotions have also been proven to lead people to neglect the small

probability that the risk will come to fruition (Sunstein, 2001).

Burton et al. (1978) suggest households follow four patterns of response to natural hazards risks:

a. Denying behaviour — individuals try to deny risk or convince themselves they will not be
harmed by the hazard; This attitude will not lead to preparedness or mitigation measures;
This may arise from comparative optimism or unrealistic optimism as people show a
tendency to claim they are less likely than their peers to suffer harm (Van Der Pligt, 1998;
Weinstein et al., 2000).

b. Acceptance of loss behaviour — individuals are aware of the risk but are resigned to
accept it (fatalism). They feel there is nothing they can do and therefore respond
passively. They may feel that the event is random and uncontrollable or that it is the result
of the will of God; therefore, they believe they are unable to reduce risk.
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c. Practical behaviour — individuals believe their actions can reduce their risk exposure.
Consequently, they take preparedness and mitigation measures such as: purchasing
earthquake insurance, holding family earthquake drills, choosing a suitable site for the
dwelling, fixing high furniture securely and storing basic food and water supplies.

d. Extreme behaviour — individuals take extreme measures to avoid hazard risk. As an
example, they may build their homes with stricter security levels to seismic events than
the ones recommended by building codes.

It is noteworthy that the type of response depends not only on the person (cultural context and
socioeconomic condition) but also on the time of the survey. In addition, any individual may

change his response to natural hazards based on previous experience.

Education can also be crucial to an adequate response. Hurnen and McClure (1997) found that
higher levels of knowledge about the specific causes of damage, and the ways damage can be
reduced, are correlated with earthquake preparedness. Additionally, there is evidence that a
knowledge-based education strategy is likely to reduce fatalism to earthquakes. Asgary et al.
(2007) also found out that the more education and children the respondents have, the more they
are willing to pay for earthquake preparedness and mitigation measures. Donovan et al. (2007),
while studying wildfires in Colorado Springs, also argues that a considerable portion of the

observable changes in households’ risk perception can be attributed to educational programs.

Additional to education, age, prior experience with earthquakes, income'®, marital status'®, having
children in the household, and length of residence have also been found to positively correlate to

the levels of preparedness (Asgary & Willis, 1997; Dooley et al., 1992).

2.6. Risk Assessement

2.6.1. Households

The decision-making process of households has been widely modelled within a Utility Functions
framework. These are often used to assess how much risk an investor is willing to take to attain
more wealth or, in other words, to measure an investor’s relative preference for different levels of
total wealth. Utility Functions are part of the General Utility Theory (GUT) framework and have
been used to evaluate scenarios of social perception of risk or pure financial risk assessment
(e.g. modern portfolio theory) (Asgary & Willis, 1997b; Norstad, 1999).

Utility functions are twice differentiable functions of wealth U(w) (defined for w>0) and follow two

distinct properties:

5 According to Asgary and Willis (1997b) safety is a function of income and wealth. Hence higher-income individuals are
more willing to pay for additional safety measures.

"6 Dooley et al (1992) found that married individuals are 70% more likely to adopt preventive measures and 20% more
likely per each decade of residence in the present home.
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a. Non-satiation — the investor is never satisfied with his level of wealth; hence he has never
so much wealth that getting a little more would not be desirable. Formally, this translates
into U’'(w) > 0.

b. Risk aversion — the utility function is concave, therefore the marginal utility of wealth
decreases as wealth increases. In practice, a higher income person will attribute less
extra (marginal) utility to earn a single euro than a lower income person would. Formally,
this translates into U”(w) > 0.

It is noteworthy that different types of investors will have different types of utility functions, but

they should always comply with the abovementioned properties.

The principle of expected utility maximization (Norstad, 1999) states that, in the face of multiple
choices, the rational investor will always choose the one that maximizes his wealth. Formally, this

can be formulated as (EQ 1):

E (U (X(Iopt))) = max E(U(X(D)) [EQ 1]

where F is a set of feasible alternative investments I and X(I) is the random variable providing
the ending value of each investment / for the period in question. Faced with this choice, the

rational investor will choose his optimal investment 1,,,, .

The Expected Utility Theory (EUT), first introduced by Nicolas Bernoulli in the 18" century, is a
subset of the GUT and has been one of the most cited frameworks to model the decision-making
process. Throughout the 20" century, several authors have built upon this theory'”, most notably
Frank Ramsey (1926), von Neumann and Morgenstern (1944), Friedman and Savage (1948),
Markowitz (1952), Arrow (1965) and Pratt (1964). According to this theory, individuals act
rationally in their decision-making process. It bases on the assumption that individuals would
choose a level of risk in which the expected marginal benefits are equal to the expected marginal
costs, measured according to the probability of each event. This probability can be objective
(based on surveys) or subjective (perceived probability). Formally it can be modelled as a choice
between finite-outcome objective lotteries (Machina, 2008), yielding a reward x; with a probability
0 < p; <1, such that:

pP= (xlpl; e xnpn)

n
zpi =1
i=1

with:

7 For further information see https://plato.stanford.edu/entries/decision-theory/
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The expected utility preference function can be defined as (EQ 2):

Vey(P) = Vey (X101 5 XnPn)

[EQ 2]
= U(xl)pl + et U(xn)pn

According to the EUT, an individual will prefer option P* over P if and only if Vg, (P*) > Vg, (P) .
As it derives from the GUT, EUT also follows the non-satiation and risk aversion criteria. Von
Neumann and Morgenstern (1994) introduced the independence axiom to EUT, among others'®,
which states that if two options (or gambles) are mixed with a third irrelevant one, the order of

preference between the original two options will remain intact.

Brookshire et al. (1985) have argued that the Expected Utility (EU) model is an appropriate
descriptor of consumers’ behaviour when facing a low-probability high-loss event such as an
earthquake. The author analyzed the Californian real estate market and concluded that
households process probability information reasonably, specially “in a market situation with a well-
defined institutional mechanism”. Consequently, he found a gradient in housing prices inside and
outside the Special Studies Zones' (SSZ) delimitation.

However, this formulation has several issues, as modelling human decision-making as a purely
rational process can often be inadequate. Von Neumann and Morgenstern (1944) recognize from
the start that “one of the chief difficulties lies in properly describing the assumptions which have
to be made out of the motives of the individuals”. Kahneman and Tversky (1979) also argued that
the independence axiom is systematically violated in the case of low-probability high-damage
events such as earthquakes. Even the linearity assumption, which derives from the non-satiation,
has been questioned (Lopes, 1994). For instance, one would hardly trade the possibility of a high
value option (e.g. winning 1 million euros) for an almost certain chance of winning a larger amount
(e.g- 5 million euros). This has been known in the literature as the Allain Paradox (Incekara-Hafalir
et al., 2021). Palm (1981) also found evidence of general unwillingness of individuals to insure or
engage in preventive expenditure against low-probability high-loss situations such as
earthquakes.

Leonard Jimmi Savage (1990) built upon the EUT model to focus on subjective probability
assessment. The Subjective Expected Utility Model (SEUT) was innovative by focusing on
psychological assessment, bringing a closer approximation to human behaviour during decision-
making. According to the SEUT approach, individuals build their assessment not upon objective,
quantifiable probabilities but on subjective assessments resulting from their experience, cultural
and socioeconomic background and available information. Although innovative, this model follows

the same axioms as EUT (Asgary & Willis, 1997b). This model can be expressed a function of

'8 The authors also introduced the completeness, transivity and archemedian (continuity) axioms to the EUT.
' Delimitation of high-risk seismic zone in San Francisco after the Alquist-Priolo Special Studies Zone Act (1972)
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the subjective expected probability of each outcome P; and its utility U;. The subjective expected

utility of outcome i is then given by S; such that (EQ 3):
Si = PiUi [EQ 3]

Asgary and Willis (1997b) analyzed the willingness of household to pay for earthquake mitigation
methods. They have formulated the related SEU model as (EQ 4):

S;[lUM]=PUW-D(r)—r]+ (A —-P)UW —71) [EQ 4]

where S;[U(r)] is the subjective expected utility of risk adverse households associated with
investing r units of mitigation, P is the subjective probability of occurrence of an earthquake
perceived by the households, W is the level of wealth, D(r) is the level of damage after a certain
r measure being implemented (such that D(0) = D, and it is a concave function). In this
formulation, PU[W — D(r) — r] is the household utility under the occurrence of an earthquake and

(1 + P)U(W —r) is the utility perceived in non-earthquake conditions.

The Random Utility Theory (RUT) places the hypothesis that individuals will maximize their
expected utility based on objective components along with some degree of randomness
expressed by an error component (Snowball & Willis, 2006; Asgary & Halim, 2011). The inclusion
of the error component translates the lack of objectivity in the households’ assessment, which
derives from each individual's perception. Naoi et al. (2009) formulates the subjective risk
probability as (EQ 5):

PR;, = PR, + vy, [EQ 5]

where PR}, is the subjective risk perception, PR}, is the objective probability component and v;,
arises from household’'s measurement error. For v;, = 0 it is assumed that households would

have a correct assessment of the probability of occurrence of an event.

Other authors have used different methods to assess risk perception. Zhang et al. (2010) used a
1-5 scale of flood, hurricane and general hazard risk and used these variables in a standard
hedonic price model regression to study the impact of risk perception against housing features.
Tekeli-Yes et al. (2011) used a similar scale method to measure risk awareness and perception
among Istanbul residents. The author then applied the survey responses as variables in logistic
hedonic regression.

Considering the difficulty of correctly assessing risk perception based on surveys is crucial.
Although these represent the most direct methods of evaluation awareness and perception, it has
been stated in the literature that various heuristics and biases influence measures of perceived
risk via item wording (Wolff et al., 2019). According to Wolff et al. (2019), objective risk is defined
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as the probability of negative outcomes weighted by severity. Similarly, in the standard economic
literature of EUT, subjective probability assessment is often referred to as the perceived
probability of a particular hazard weighted by its severity. Although with recognizable flaws,
utilitarian economic theories continue to be one of the most utilized ways to assess risk perception
by households. Some authors have even argued that worry should be assessed instead of risk
perception, as the former has been found to be a better predictor of behaviour than the latter
(Wolff et al., 2019).

2.6.2. |Institutions

Both governments and insurance companies manage risk on a larger scale. Instead of being
dependent on a single investment location and building typology, as is often the case for investors
and households alike, governments and insurance companies are exposed to the risk of several
properties, whether in a single region or city or across multiple locations. Besides dealing with
immediate impacts such as property damage or loss of life, they must also manage the ripple
economic effects of such events. For example, major earthquakes will often translate into an
abrupt decrease in Gross Domestic Product (GDP), failure of businesses, unemployment, and
increased prices due to supply chain shock, putting local governments under tremendous
financial stress (Ghesquiere & Mahul, 2010; Goda et al., 2014). In a broader scope of analysis,
we can also argue that the length of present global supply chains that stretch across the globe
also expose outside regions to supply shocks with far-reaching consequences (Kajitani et al.,
2013). Therefore, it is of paramount importance for governments and risk managing institutions
to have a correct assessment of natural hazard risks and to enhance their capability of dealing
with low-probability high-consequence (LP-HC) events by the adoption of hard (e.g., seismic
retrofitting) and soft (e.g. insurance) disaster risk reduction measures (DDR) (Cavallo & Noy,
2011; Michel-Kerjan et al., 2013; Goda et al., 2014; Pothon, 2020; Safiey & Pang, 2021).

Contrary to the case of households, institutions rely heavily on the catastrophes statistical and
computational modelling as well as actuarial/financial and economic models in their decision-
making process (Pothon, 2020). As an example, the typical risk assessment process from an
insurance company will consist of four steps: (i) inventory/exposure database, (ii) hazard
characterization, (iii) structural vulnerability assessment, and (iv) loss estimation and insurance
portfolio analysis. During this process, they would use Monte Carlo simulations of various
scenarios, damage index-based models for structural vulnerability assessment (Safiey & Pang,
2021), compound Poisson processes and Extreme Value Theory to model financial risks, and use
expected utility to model the demand decisions by homeowners. There is a clear difference
between the risk assessment process of households and institutions. Even their attitude towards
risk is modelled differently: homeowners are typically assumed to be risk-averse decision-makers,

having a concave utility functions whereas institutions are considered to be risk-neutral decision
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makers, having a linear utility function. (Goda et al., 2014). Figure 2-5 summarizes the risk

modelling overview for institutional decision making.
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Figure 2-5 — Modelling decision-making. Adapted from Goda (2014)

2.6.2.1. Local Government

One of the main functions of governments is to ensure security and stability for their citizens.
Security to natural hazards should therefore come as a priority issue to be addressed. The
preparedness and response to natural disasters at an institutional level is shared between local
and central governments (e.g., through urban planning and seismic regulations, respectively). In
a natural disaster, local governments are responsible for providing first aid to the victims, but they
should also play a crucial role in preventing the impacts of natural hazards (Col, 2007; Lee, 2019).
There is much evidence in the literature that investing in DRR measures often pays off when
nature strikes. Goda et al. (2014) provides several examples that such proactive earthquake risk
management is the key to achieving sustainable and resilient communities against earthquake
disasters. The implementation of financial incentive schemes to promote structural retrofitting and
even urban planning tools, such as the delimitation of riskier zones, can be used to promote a
safer housing stock. Accurate information about risk publicly promoted through local media should
also play a part in an effective communication strategy to promote safer housing and household
decision-making processes (see previous chapters on Risk Perception and Risk Assessment by
Households). Both disaster promotion and education should be tailored to citizens’ needs based
on their vulnerabilities and knowledge (Lee, 2019). Local governments should also be liable for
this crucial step in pre-disaster preparedness.

However, local governments play an essential role in both pre- and post-disaster management
(preparedness/mitigation and response/recovery phases, respectively). They are also
responsible for providing the first response in post-disaster situations, including the financial
assistance much needed by its citizens. O’Leary (2004,1, as cited in Col, 2007) states, “Virtually

all disasters are experienced at the local level, where many communities can expect to be ‘on
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their own’ for the first seventy-two hours after disaster impact’. However, they will have to rely on
their local governments to take immediate action which requires capital. Ghesquiere and Mahul
(2010) listed 11 financial sources available to local governments during post-disaster, which are
comprised of 3 basic categories: 1) donations, 2) public debt and 3) insurance. These resources
are then used across the three main phases in post-disaster management: Relief (1-3 months),
Recovery (3-9 months) and Reconstruction (>9 months). Each with its own resources’
requirements (Figure 2-6).
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Figure 2-6 - Funding requirements by stage. Source: Ghesquiere and Mahul (2010)

Hence, the financial stability of local governments can broadly impact their handling of the
disaster. Lee et al. (2017) have concluded that local governments' independence and financial
stability have impacted the damage costs due to natural hazards in South Korea. According to
the authors, damage costs can be lowered in a community where the local government can
provide enough funding to implement disaster prevention projects. Lee (2019) also highlighted
the importance of governments in strengthening risk governance and providing “disaster
resilience” to their communities by involving multiple stakeholders. In addition, the author argued
that an effective risk government requires a clear understanding of network participants’

capabilities and resources.

In sum, local governments play a crucial role in preparing, mitigating, and managing recoveries
after natural disasters. Therefore, thorough knowledge of the community and risk assessment
based on both physical (catastrophe modelling) and financial/economic modelling is of utmost
importance and should be translated into effective preparedness and mitigation measures (based
on financial incentive schemes and education) and response/recovery measures (made possible

by a strong network of partnerships with multiple stakeholders and strong financials).

2.6.2.2. Insurance

Regarding insurance risk management, earthquake events have an added layer of risk related to

their geographical distribution. For instance, car insurance policies can be modelled as
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independently distributed events, as the occurrence of a car accident leading to an insurance
claim is generally randomly distributed in time and space. In contrast, the occurrence of an
earthquake disaster will require increased liquidity, given that its risk is spatially and temporally
correlated. Hence, to minimize insolvency risk, insurance companies often take their own risk-
sharing measures with reinsurers with greater risk-bearing capacities or through alternative risk
transfer (ART) tools such as earthquake catastrophe (CAT) bonds. In addition, insurers often
have to deal with other general issues in their coverage such as moral hazard?® or adverse
selection?' (Goda et al., 2014).

It is noteworthy that governments can also act as reinsurers due to their ability to borrow money
by issuing bonds. They can either act directly or via publicly-owned companies, as in the case of
the Japan Earthquake Reinsurance Company (JERC), New Zealand’s Earthquake Commission
(EQC), the Turkish Catastrophe Insurance Pool (TCIP)??, the Iceland Catastrophe Insurance (ICI)
or the California Earthquake Authority (CEA).

2.7. Willingness-to-Pay

As mentioned in the previous chapters, risk perception is critical to foster the adoption of DRR
measures. Therefore, it also significantly influences decision-making processes regarding
adopting earthquake insurance and even home purchase decisions (Kunreuther, 1996). However,
having an accurate risk perception or being well informed is not sufficient criteria to act. There are
several factors involved in the decision other than the risk perception, such as the price of DRRs
or the price difference between safe and unsafe housing, the attitude towards risk (e.g., fatalistic,
optimistic attitude), age, gender, income level or cultural environment. We find examples in the
literature of this dissonance, as in the case reported by (Pothon, 2020), where results have shown
that most California households do not buy earthquake insurance because of the price and not
because of risk underestimation. To have a full scope of the relation of households and investors
with risk, one must analyze both sides of the spectrum through the analysis of their perception
(through explicit models) and their actions, reflected by market dynamics (through implicit
methods).

Explicit Methods, such as the Contingent Valuation Method (often referred to in the literature as
CVM or CV), estimate the value a person places on a certain good or feature through surveys. It
is often applied as a survey design to estimate the willingness-to-pay (WTP) or willingness-to-
accept (WTA) for a good or service. For example, in the literature, it has been used to assess the
willingness to pay for safer housing, risk insurance or other DRR measures (Palm, 1981;
Brookshire et al., 1985; Willis & Asgary, 1997, 1997b; Dooley et al., 1992; Palm, 1998; Asgary et

20 e.g. a policyholder further damages its property after a disaster to claim a higher insurance payment

21 e.g. insurer cannot distinguish between high and low earthquake risk potential and charges a flat fee based solely on
location

2 See for instance Yucemen (2005)
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al., 2007; Naoi et al., 2009; Tekeli-Yes et al., 2011; Asgary & Halim, 2011; Zhang et al., 2009;
Sarmiento et al., 2015).

Implicit Methods, such as hedonic price models, estimate the value that the market puts on a
certain good or feature through the construction of statistical models, often price models. In these
methods, the feature or good to be assessed is used as an input variable to the model and its
impact is measured in the dependent variable of interest. In a classic hedonic price model, the
impact of a feature is given by its regression coefficient. As an example, to study the price effect
of having a structural reinforcement in a building, it would be possible to use a database of sales
prices of several properties with a binary variable as input indicating whether the building has
been subject to reinforcement or not (Palm, 1981; Brookshire et al., 1985; Beron et al., 1997;
Dooley et al., 1992; Bin & Polasky, 2004; Nakagawa et al., 2007; Toya & Skidmore, 2007; Naoi
et al., 2009; Donovan et al., 2007; Deng et al., 2013; Modica and Locati, 2016; Fekrazad, 2019;
Peng, 2021).

Hence, several studies have used both methods simultaneously. In this study, the same approach
will be followed to comprehensively view the natural hazards in Lisbon’s real estate market.

2.8. Real Estate Market
2.8.1. Portuguese Context

2.8.1.1. Macroeconomic context

Portugal is the southwesternmost country in Europe, with a population of 10 286 million?3 and a
GDP of 239 billion euros?*. From being highly dependent on the primary sector in the 1960s and
1970s, Portugal has managed to shift its economy onto the secondary and tertiary sectors,
benefitting from the economic assistance of its partners in the EU. As an example, in 1974, the
primary sector comprised 35% of the working force, the secondary sector 34% and the tertiary
sector 31%; Nowadays, the primary sector accounts for 5% only, while the secondary and tertiary

sectors account for 25% and 70%, respectively?.

The country was one of the hardest hit by the 2007-2008 financial crisis (Serapioni & Hespanha,
2019), with several years of negative GDP growth, which culminated in the 2014 decrease of
4.0%. Moreover, the country had been in a decade-long state of economic stagnation since 2000,
with recurring budget deficits, which may have contributed to its frail economic condition at the
time of the crisis (Marinheiro, 2013). However, the political measures taken by the government,
and the call for IMF assistance in 2011, led to an economic recovery praised by international

media and partners (Newel, 2019) (see Figure 2-7).

22019 population estimates. Source: PORDATA
24 Source: World Bank (2019). https://data.worldbank.org/country/PT
% Source: PORDATA
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Figure 2-7 - Portuguese GDP (million € - base 2016). Source: PORDATA

In 2019, 76% of the Portuguese GDP came from the tertiary sector. Industries such as tourism,
energy and automotive are some of the larger in the country. However, technology is slowly taking
its space in the Portuguese economy with the birth of innovative technological startups. Much of
this innovation is taking place in Lisbon, the nation’s capital city, which has often been considered
a thriving tech hub (Tissot, 2016; Hoffower, 2019)

Lisbon’s Metropolitan Area is home to 2.8 million people?® and 24.26% of the country’s working
population®’, and it is the core location of the Portuguese economy with a GDP per capita®® of
24 749 €, the highest amongst NUT-II regions. The city of Lisbon has a population of 509
thousand?®, mainly working in the tertiary sector. Despite the decentralization effort made in recent

years, Lisbon is still the heart of the Portuguese political and business spheres®.
2.8.1.2. Homeownership

Portugal has traditionally followed the trend of other Southern and East European countries,
where people prefer to buy their own homes rather than rent, which is often considered as part of
their cultural heritage (Elsinga & Hoekstra, 2005; Antunes & Seixas, 2020). However, this was
not always the case. According to the 1970 census, the distribution between renters and owners
was roughly the same (49.3% owned their home) (Xerez et al., 2019). The liberalization of the
credit market in the 80s and 90s and the economic growth following the Treaty of Accession of
Spain and Portugal (1985) provided the conditions for the surge of new construction and access

to credit markets needed to increase the homeownership share

%6 2.863.272 (2019). Source:
https://www.pordata.pt/municipios/populacao+residente+total+e+por+grandes+grupos+etarios-390

27 Source: https://www.pordata.pt/municipios/populacao+ativa+total+e+por+nivel+de+escolaridade+completo-808 (2020)
% Source:
https://www.ine.pt/xportal/xmain?xpid=INE&xpgid=ine_indicadores&indOcorrCod=0008839&contexto=bd&selTab=tab2
&xlang=pt (2017)

2 509.515. Source: https://www.pordata.pt/municipios/populacao+residente+total+e+por+grandes+grupos+etarios-390
30 Source: OECD . https://www.oecd-ilibrary.org/sites/fea62108-en/index.html?itemld=/content/publication/fea62108-en
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The 2007-2008 financial crisis brought a new paradigm to the real estate market. Although most
people would still prefer to buy their property, for several families, the financial stability needed to
be granted a loan was put into jeopardy in the aftermath of the crisis. According to Braga (2013),
the constraints imposed by the crisis led to increased demand for renting. The costs related to
the purchase of a property and the values required for a down payment would represent an
obstacle to the buying option. This has been observed across several European countries
(Lennartz et al., 2015).

In 2019, following the economic recovery, the percentage of homeownership stood at 73.9%,
lower than the 95.8% observed in Romania, but higher than the European average of 69.3%. It is
clear the difference in preference when we compare it with northern economies like Germany
(51.1%), Denmark (60,8%) or Sweden (63.6%).

Despite the effects of the COVID-19 pandemic, it is reasonable to assume that the legacy of
preference for homeownership will continue in the foreseeable future. In a recent study conducted
by real estate brokerage company Century 21 (2020) after the initial shock of the pandemic, 45%
of responders considered moving to a new house, of which 89% claimed to prefer buying rather
than renting. As for the main reasons for their choice, 59% considered homebuying as an
investment in the future and 21% as part of their legacy to their children. According to the same

source, 75% of responders were willing to pay between 200€ and 600€ a month for rent/mortgage.

The preference for homeownership has been rooted in the Portuguese tradition and culture, being
considered a landmark of adulthood success. Hence, it will likely remain a driving force in demand
for property, especially in the purchase and sale market. According to a survey on the financial
situation of families, in 2020, only 2,0% of homeowners would prefer to be renters and 63.5% of
renters would prefer to be homeowners (INE 2020). According to the same survey, 77.3% of
Portuguese households’ wealth is held in real estate, whether as a primary residence or as other
real estate property. It is also worth mentioning that the recent increase in valuations has not been
followed by an increase in salaries which, given the importance of homeownership to the
Portuguese society, may lead to social discontent due to lack of housing accessibility with deeper

political and social consequences.
2.8.1.3. Credit / Mortgage

The desire to acquire property has long been part of Portuguese culture. However, before the
European Communities' access, few families had the financial stability to fulfil the strict conditions
needed to access the credit market. Real estate developers were also unfavored by the high
credit rates that came with the political instability following the carnation revolution of 1974. A
higher cost of capital for developers would translate into higher selling prices, reducing the
number of potential buyers.
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In 1986, Spain and Portugal were officially integrated into the European Communities, now the
European Union. In the years that followed, the country experienced the liberalization of the
financial sector, and credit became less expensive®! and available to a broader market (Lestegas,
2019; Antunes & Seixas, 2020). The increase in accessibility to credit, expanded by the
subsidized credit policies, the desire for homeownership, and the improvement of macroeconomic
conditions led several Portuguese families to acquire property during the 1990s. Consequently,
the debt levels in Portuguese families grew accordingly, a trend that would remain during the
beginning of the 21t century (see Figure 2-10), especially in younger families. For example, in
1981, only 7.7% of Portuguese families had a mortgage debt, however, by 2001, that number had
increased to 23.6%, reaching 31.2% by 2011. It is worth mentioning that the LMA has been
significantly affected by this increase in debt (Xerez et al., 2019). The easiness of access to credit,
and the influx of migrants (domestic and foreign®?) during this period also led to a credit-fueled
suburbanization of the LMA (Malheiros & Vala, 2004; Lestegas, 2019).

It is worthy of note that despite the increasing average value of purchase and sale contracts of
real estate properties, the actual number of transactions peaked in 1999 at 284 241 contracts

(see Figure 2-9 and Figure 2-11).

The increased demand and the lower credit rates led to substantial new construction growth. In
1985, 35 475 dwellings were completed as new buildings for family housing, rising to 125 539 in
2002 (see Figure 2-8). The total number of dwellings grew by over a million (or 24%) in eleven
years, from 4.216.540 in 1991 to 5.232.258 in 2002.

31 Partly because of the decrease in inflation rate. As an example, in 1985 the inflation rate stood at 19.5%, while in 2001
it closed at 4.4%. Source: PORDATA
32 1n 1991, foreign residents in LMA represented 1.8% increasing their share to 4.7% in 2001 (Malheiros & Vala 2004)
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Interest rates have decreased since the 2007-2008 financial crisis, reaching negative values in
2015% (see Figure 2-12). These would also exert pressure on the market, as it is well known that
interest rates have a close effect on housing credit, with lower rates leading to increases in
demand (Reichert, 1990; Cho & Ma, 2006; Tse et al., 2014)
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Amidst the post-COVID recovery phase, the general sentiment was that credit conditions would
remain stable in the near future. In July 2021, the European Central Bank (ECB 2021) European
banks reported that the demand for housing credit from households is strong and will continue to
increase in the coming month. Hence, one might expect prices will continue to rise, leveraging on

the low credit costs (Scope Ratings GmbH 2021) (Figure 2-12). However, due to generalized rise

33 At the time of writing (20 September 2021)
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in prices, since March 2022, the U.S. Federal Reserve (FED), the European Central Bank (ECB)

have been drastically increasing rates in an attempt to tame inflation.
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Figure 2-12 — Euribor rates. Source: PORDATA
2.8.1.4. Construction Costs and Taxation

Construction costs have risen, driven mainly by labour costs (see Figure 2-13). The increase in
labour costs can be mainly attributed to the rise of minimum wage values and the shortage of
qualified workers in construction. Nonetheless, we should note that several immigrants, often in

illegal conditions, work in the sector, leading to a notable share of unreported and un-taxable work
(Moras, 2018; Lusa, 2021)
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Figure 2-13 — Construction costs index (base 2001 = 100). Source: INE

COVID-19 has also increased construction costs, impacting workers' availability but mainly the

cost of materials. For example, the disruption of logistical chains and the increase in oil prices
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were reflected in the prices of materials, such as steel, in the post-pandemic period. Some

companies have reported increases in steel as high as 30% over nine months®*.

New real estate developments, especially in Lisbon and Porto, have primarily focused on luxury
properties®® during the last few years, driven by the demand from foreign and national wealthy
investors. Some developers have justified their choice by arguing that the increased construction
costs and the high tax rates® are some of the main factors contributing to the higher price tags
and the preference for the luxury segment’s development. However, if we analyze it in the
European context, although above an average of approx. 20%, the Value Added Tax (VAT) of

23% applied to new construction is not out of place (see Table 2-2).

Table 2-2 - Real estate property VAT across several European countries. Source: UIPI (2013)

Country VAT (%)

Hungary 27
Denmark 25
Normay 25
Sweden 25
Finland 24
Greece 23
Portugal 23
Belgium 21
Spain 21
Austria 20
Bulgaria 20
Slovakia 20
Slovenia 20
U.K. 20

France 19.6
Germany 19
Romania 19
Cyprus 18
Czech Rep- 18

Ireland 13.5
Italy 10
Switzerland 8

However, it is worth mentioning that the Portuguese VAT has been increasing from 1995 onwards,

representing an ever-larger share in price (Table 2-3).

34 See for reference https://eco.sapo.pt/2021/09/08/escassez-de-materiais-dita-subida-de-66-dos-custos-de-construcao/
, https://www.idealista.pt/news/imobiliario/construcao/2021/06/22/47831-construcao-falta-de-materiais-ameaca-
paralisar-o-setor and https://www.dinheirovivo.pt/economia/escassez-de-materiais-de-construcao-leva-precos-a-
disparar-acima-de-35--13785630.html

35 See for instance https://visao.sapo.pt/imobiliario/2021-03-25-a-nova-cara-da-velha-lisboa-os-projetos-que-vao-mudar-
a-face-da-capital/ and https://www.idealista.pt/news/imobiliario/habitacao/2021/09/15/48887-casas-de-luxo-em-portugal-
quais-os-estrangeiros-mais-interessados

36 See for instance https://imobiliario.publico.pt/opiniao/30-10/ and https://jornaleconomico.sapo.pt/noticias/aumento-
dos-custos-de-construcao-que-impactos-esperar-no-imobiliario-777945
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Table 2-3 - VAT rates from 1985 to present day in Portugal. Adapted from Moras (2018)

Year VAT (n(()&)n;al rate)
1985 30
1986-1991 30
1992-1994 30
1995 17
1996-2001 17
2002-2005 19
2006-2008 21
2009-2010 20
2011- Present 23

Note that the VAT is not the only taxation included in the property price. The value of the corporate
tax paid by construction companies (average of 21%3"), the municipal surtax, and licensing fees
are also to be accounted. Additionally, the buyer may be subject to pay a sale tax®® (up to 6%)
and stamp tax3® (0,8%). During his ownership, the buyer will also have to pay an annual property
tax*® (Moras, 2018).

2.8.1.5. Employment, Demographics and Youth’s Housing Struggles

Although the country has experienced a rise in the unemployment rate in the years following the
financial crisis of 2007-2008, it has also been steadily decreasing since 2013, contributing to the
demand increase as it has been shown in the literature (Agnew & Lyons, 2017). Despite the
challenge presented by the COVID-19 pandemic, which increased unemployment momentarily,
especially in the tourism sector due to travel and sanitary restrictions, the country has managed

to soften its impact, as shown by the rapid decrease shown in Figure 2-14.

Several known factors have been proven to influence the housing demand: births, nest-leaving
adults, union formation/marriages, migrations and deaths. Nest-leaving young adults have been
considered one of the most critical drivers of the increase in housing demand (Mulder, 2006).
However, young adults face increasing challenges in reaching their financial independence,
especially concerning housing (Lennartz et al., 2015). In a 2007 study, young Europeans ranging
from 15 to 30 years old were asked “what do you think is the MAIN reason that young adults live
in their parents’ homes longer than they used to?”. 62% of responders claimed they couldn’t afford
to move out (Gallup Organization, 2007). According to an OECD (2018) study, the escalating
rents and house prices are increasingly overburdening young people. A survey conducted in the

same report showed that around one-third of respondents aged between 20 and 34 picked

37 Small and Medium Enterprises (SMEs) may benefit from a reduced rate of 17% in the first 15.000€ of revenue.
Source: PWC (2021)

38 As per decree-law n.° 287/2003. Applicable to sales over 92.407€.

3% As per Law n.°150/99

40 For more information, please refer to
https://info.portaldasfinancas.gov.pt/pt/informacao_fiscal/codigos_tributarios/cimi/Pages/codigo-do-imi-indice.aspx
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securing or maintaining adequate housing as one of their top-three short-term concerns, with the
share peaking at 40% among 25 to 29 years old (Figure 2-15).
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Figure 2-14 — Unemployment Rate in Lisbon’s Metropolitan Area. Source: INE
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Figure 2-15 — Percentage of by age group. Source: OECD (2018)

Portuguese young adults have also been following this trend. According to Xerez et al. (2019),
the rise in sales prices and rents may have been a significant factor in the increased levels of
financial stress among renters. The authors found increases in housing deprivation*' n all age
groups between 2011 and 2017. However, renters and owners under 29 years old have shown
the highest increases (19.4% to 42.2% and 15.2% to 27%, respectively). This result may be
interpreted as the outcome of the inability of young people to keep up with the increase in housing
prices, given their job precarity (Tavares et al., 2021)

According to Lennartz et al. (2015), the economic downsizing experienced during the financial
crisis, lower real incomes and consequently job precarity, especially of younger adults between

18-34 years old, and higher mortgage deposit requirements, led to sharp drops in homeownership

4! Housing deprivation is a measure of poor amenities and is calculated by referring to those households with a leaking
roof, no bath/shower and no indoor toilet, or a dwelling considered too dark. (source: Eurostat)
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in the post-crisis period. Moreover, in southern European countries (Italy, Portugal, Greece and
Spain), a very high share of younger adults ended up living with their parents, delaying home-
leaving to relative old age. Nevertheless, if younger people left their parental home before age

34, they would be more likely to become homeowners than renters.

Despite the job precarity, the number of one-person households has also been contributing to an
increase in housing demand, following the trend of developed countries[*?. In 2018, one-person
households represented 23.8% of the total (see Figure 2-16). According to PORDATA?, there
were 852.800 one-person households in the country, a 20% increase from the levels observed in
2010, of which 42.9% consist of non-senior citizens (younger than 65 years old) a rise from the
36,4% of one-person households in 2010, meaning there have been more young people choosing
to live by themselves. One factor contributing to the rise of one-person households is that people
are getting married later in life, and divorce rates have also increased from the beginning of the
century, doubling from 30% in 2000 to approximately 61% in 2020. In 2000, the average age of a
Portuguese man in his first marriage was 27.5 years of age, while in 2020, it was 34,9. It is
interesting to notice that, according to the literature, there is evidence that people tend to postpone
marriages and union formations when they do not find adequate housing (Clark 2012, as cited in
(Garha & Azevedo, 2021)). These changes in demographics also exert pressure in the demand
for housing.

Another factor influencing the Portuguese real estate market is the ageing of its population. In
1960, Portugal had an ageing index of 27. In 2019, that number had risen to 161.3, standing
19,74% above the EU27 average*. In a 2013 study, the Portuguese Association for Consumer
Protection (DECO, 2013) found that 67% of retirees do not have financial conditions to pay for
retirement homes and that the families support the majority (53%) of costs. There is also evidence
in the literature that newer generations have increasingly desired greater independence (Tinker,
2002). Hence, the number of senior citizens leaving for retirement homes and the number of
dwellings available will tend to decline, contributing to the lack of offers and price appreciation of
real estate property.

42 For more information on the rising of single-person households across Europe please see
https://ec.europa.eu/eurostat/statistics-

explained/index.php?title=People_in_the EU_ %E2%80%93_statistics_on_household_and_family structures&oldid=37
5234

43

https://www.pordata.pt/en/Portugal/Single+person+private+households+total+and+with+a+person+aged+65+and+over-
822
44 Source: https://www.pordata.pt/Europa/%c3%8dndice+de+envelhecimento-1609
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Figure 2-16 — Percentage of Single-Person households, 2008 to 2018. Source: OurWorldInData

2.8.1.6. Tourism

Following the 2007-2008 financial crisis, the austerity policies imposed in Portugal, and similarly
in other countries in Southern Europe (Spain, ltaly and Greece), reinforced the importance of
tourism to the economic recovery (Mendes, 2017, 2021; Lestegas et al., 2019; Amore et al.,
2020). This led to several efforts from the central and local governments to promote tourism in
the country. As a result, throughout the last decade, the country has been recognized as one of
Europe’s leading destinations*® and has also been awarded in the world tourism stage® in several
categories*’. Its capital city, Lisbon, is one of the most thriving cities, being recognized as World's

Leading City Break Destination 2020* and as one the most promising tech hubs worldwide*°.

In 2011, hotel establishments in Lisbon registered 6.419.256 bed nights, increasing to 13.985.262
in 2019, a 117% increase®. According to Turismo de Portugal, 16,3 million guests®' have visited
the country, generating €8,7 billion in revenue. In recent years, we have also seen the rise of a

new tourism industry, short-term rentals.

The increased numbers in tourism have also resulted in higher purchase and sale contracts of

real estate acquired by non-residents (Figure 2-17). In 2021, 6.902 properties were sold to non-

45 World Travel Awards. Source: https://www.worldtravelawards.com/award-europes-leading-destination-2020

46 https://econews.pt/2019/11/29/portugal-is-the-best-destination-in-the-world-for-the-third-consecutive-year/

4T For more information, please refer to https://www.worldtravelawards.com/winners/2020

48 https://www.worldtravelawards.com/award-worlds-leading-city-break-destination-2020

4% Source: Business Insider

50Source: INE
https://ine.pt/xportal/xmain?xpid=INE&xpgid=ine_indicadores&indOcorrCod=0008576&contexto=bd&selTab=tab2
51 Foreign guests.
http://business.turismodeportugal.pt/pt/Conhecer/Apresentacao/Desempenho_Turistico/Paginas/default.aspx (last
visited 8 September 2021)
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residents, representing 5,54% of the total number of real estate transactions. In 2018, that number

increased to 19.912 or 8,89% of all transactions.
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Figure 2-17 -Purchase and sale contracts by non-residents according to nature. Source: INE

The value of properties sold to non-residents have increased from an average value of
115 688.79 € in 2012 to 171 177.53 € in 2018, a 47.96% increase.

It is also noteworthy that in 2009, the Portuguese Government created the tax scheme for Non-
Habitual Residents in terms of Personal Income Tax (IRS)%?, which concedes the following

benefits for ten years:

e Exemption from taxation in Portugal of foreign source income resulting from dependent
work;
e Taxation at the rate of 20% of Portuguese-source income arising from value-added

activities®3;

Considering the current distribution of income tax categories®* and that the average top Personal
Income Tax Rate in Europe stands at 37.80%%°, the benefits are clear. Therefore, some consider

Portugal one of the friendliest tax regimes in Europe to foreigners®.

52 As per Decree-law n° 269/2009. More information at https://dre.pt/web/quest/pesquisa/-
[search/490420/details/normal?l=1

53 Architects and engineers, visual artists, actors and musicians, auditors and tax consultants, doctors and dentists,
university professors, investors, administrators and managers, senior management, as specified in Ordinance 12/2010,
of 7 January.

5 Annex A

55 Source: https://tradingeconomics.com/european-union/personal-income-tax-rate

% For more information please refer to https://www.acm.gov.pt/documents/10181/753067/IRS_RNH_EN.pdf/3b639655-
6f18-4f94-86¢2-d3b080bd691d and https://www2.deloitte.com/pt/pt/pages/tax/articles/residentes-nao-habituais.html
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2.8.1.7. Valuation

Following the 2007-2008 crisis, the Portuguese purchase and sale market experienced a
decrease in valuations until 2013%”. However, low credit rates, governmental policies promoting
tourism, and the surge of short-term rentals, amongst other factors, pushed a market recovery
from 2013 onwards, leading the country to one of the highest increases in the valuation of the
housing stock across Europe (see Figure 2-18).
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Figure 2-18 - House price index (Portugal vs European average). Source: Eurostat

As mentioned above, the increase in valuations is not a direct consequence of the increase in
household income, which has been far more modest®®. However, others argue that the issue is
with the low average income of Portuguese families®® and that the valuation of properties in the
capital city is just following its European counterparts. This is creating a mismatch between the
needs of the population for housing and the offer put on the market, contributing to the
phenomena of “social filtering™®, “gentrification”, and “commoditization” of housing stock
(Mendes, 2013; Lestegas et al., 2019).

The increasing valuations of the Portuguese real estate market, the exposure of households and
banks to earthquake risk, and the inexistence of a national coverage fund for seismic activity
constitute a delicate situation that should be addressed sooner rather than later.

The following chapters will describe some of the main factors affecting the increase in valuations

across the Portuguese territory.

57 Nonetheless, is worth mentioning that this general trend had not been followed by all property segments, namely the
luxury market in Lisbon which began to soar during this period.

%8 Figure 2-18 shows an 61,67% increase in the Portuguese house price index between 2011 and 2020. During the
same period, households’s available income only rose by 13% (source: INE).

% See for instance https://www.dinheirovivo.pt/empresas/ceo-da-vanguard-preco-do-imobiliario-nao-e-alto-os-
portugueses-e-que-ganham-mal-13803947.html

80 Process in which less-privileged strata of society find themselves gradually being replaced by people coming from the
upper-middle and upper classes who are able to pay for this kind of restored housing. (Mendes 2013)
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2.8.2. Lisbon’s market (Case Study)

In addition to the macroeconomic conditions, a series of complementary drivers influenced the
real estate market valuation, namely: 1) the increasing number of tourists, underpinning the surge
of short-term rental (STR) platforms such as AirBnB; 2) the creation of the Golden Visa Program,
promoting the development of projects meeting its criteria; and 3) the deregulation of the rental
market, in particular the end of the rent freeze by Law 31/2012%', revitalizing the interest of

investors.

These drivers contributed not only to the increase of valuations, but also to an internationalization
of the real estate market in Portugal, in general, and in Lisbon, in particular. This reflects an
enhanced attractiveness of the market at international level, with a growing percentage of the
properties acquired by non-residents ( Figure 2-19). These topics will be further detailed in section

3.3.3 Golden Visa Programme.
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Figure 2-19 - Purchase and sale contracts by non-residents (%). Calculated by the author. Source: INE

It is noteworthy that Lisbon has a lower percentage of homeowners than the national average, at
approximately 50% (CML 2023).

2.8.2.1. Lisbon’s Valuations

Lisbon’s market has seen a rapid increase in valuations, with median banking valuations doubling
from 2014 to 2020 (Figure 2-20).

The increase in valuations and the shortage of supply caused by changes in the demand profile

and increased construction costs have caused profound changes in the market®2.

61 See http://www.padlisboa.pt/leis/lei_mostra_articulado.php?nid=1779&tabela=leis

52 Supply shortage is not unique to the Portuguese market. Several countries are currently under a supply shortage in
the property market. See for instance https://www.redfin.com/news/were-building-6-homes-for-every-10-new-
households-where-will-people-live/
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Figure 2-20 - Median banking valuation in Lisbon's county. Source: INE

The increase in prices affects both new construction and the existing housing stock, expanding
from Lisbon’s historical centre to adjacent locations (Figure 2-21 and Figure 2-22). Given that
most of the housing stock in these parishes is comprised of older buildings, this price expansion
pattern suggests that investors and homebuyers are oblivious to the differences in the typologies

across the city, focusing solely on the financial gains.
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Figure 2-21 - Median sales prices change by parish Figure 2-22 - Median sales prices change of existing

(%) (Jan 2016 - Jan 2021). Own elaboration with building stock by parish (%) (Jan 2016 - Jan 2021).

data from INE. Own elaboration with data from INE.
These price increases have also raised some deeper issues regarding affordability and access
to housing, even for the Portuguese middle class. This is not exclusive to Lisbon, as this
phenomenon has been observed across multiple European cities under the combined influence
of digital changes and weak regulatory policies. Terms like ‘housing financialization’,
‘touristification’, or ‘gentrification’ have been increasingly important in the literature (Mendes,
2013, 2017, 2018, 2021; Seixas & Antunes, 2019; Antunes & Seixas 2020). The Portuguese
capital has seen a rapid increase in prices in the recovery from the 2008 financial crisis; however,

the average income of the families did not follow the same pace (Lestegas et al., 2019).
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Some authors suggested that prices should be moderated by introducing new regulations on
rehabilitation by the city council, limiting the number of licenses in the city, setting a maximum
rent limit®3 to discourage price speculation, or imposing a high property tax on vacant apartments
(Mendes, 2013; Garha & Azevedo, 2021).

It is interesting to notice that in 1981, Lisbon was home to almost 9% of the Portuguese
population, with 807 thousand people and an average age of 37.7 years; however, in 2019, it was
estimated to be home to 509.4 thousand people, with an average age of 45.9 years old. Despite
a 36% decrease in population, the city could not house their nest-leaving young adults by
providing affordable quality housing (Garha & Azevedo, 2021). Over the same period, we saw the
expansion of neighbouring counties, which were able to house these young adults by offering a

higher number of dwellings with higher quality and at lower prices (Lestegas et al., 2019).

According to Portuguese Real Estate Professionals and Brokerage Companies (APEMIP)®, in
2018, there was a shortage of supply of 70.000 properties nationwide, especially in Lisbon and
Porto, where is located over 50% of the market demand. On the other hand, some authors have
claimed that the number of dwellings in Lisbon currently exceeds households, so there is no
mathematical need to build more residential buildings. Additionally, some authors claim that
housing affordability should be done by the rehabilitation®® of poor-quality older buildings rather
than by new construction (Garha & Azevedo, 2021). Regardless of the perspective, the increase

in valuations is noticeable in the Portuguese capital city.

It is noteworthy that the lack of quality offers in the market and affordability has led households to

be less careful when buying a new home, increasing their exposure to financial and physical risks.
2.8.2.2. Deregulation of Rental Market

Since the implantation of the Portuguese Republic in 1910, with the publishing of the decree of
November 12" 19108¢, we have seen periods of rent freeze across the country, justified by social
and political instability and later by the effects of the first World War®”. In 1948, under the
dictatorship of Salazar, the Portuguese Government approved law 2030 (22" June 1948), which
allowed the increase of rents by a fiscal appraisal except for the cities of Lisbon and Porto. In fact,
it was not the rent itself that was frozen but the fiscal appraisal, leaving landlords unable to
increase rents (Braga, 2013). Many tenants have benefitted from this policy, and while rents were
frozen, inflation was not. In the second half of the 20" century, Portugal experienced several

periods of high inflation rates. For example, from 1978 to 1985, annual inflation rates were

8 similar to the “Rent Price Cap law” in Berlin

84 Associacgéo dos Profissionais e Empresas de Mediag&o Imobilidria de Portugal (APEMIP). Source: Idealista last
visited 20th September 2020

% In restricted terms, the urban rehabilitation process may be defined as an action leading to the significant
improvement of the state of housing or a building, where the restoration of the built environment is less extreme than
renovation as it consists of rearranging what is already standing and not replacing it with new buildings (Mendes, 2013)
% For more information see http://pl.proprietarios.pt/leis/arquivo/historico/G-Decreto-14Nov1910.pdf

57 For more information see http://pl.proprietarios.pt/leis/arquivo/historico/G-Decreto5411-19Abr1919.pdf
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consistently close to 20%58. This led to a detachment of landlords and investors from the rental
market, in the two largest cities in the country. Consequently, many buildings in the city centre
were left without the proper maintenance, resulting in the degradation of a significant portion of
the housing stock®. According to the 2001 Census (as cited in CML 2011, p. 61), 72% of all
rentals’® in the city had a monthly rent below 100€. That is 34% of all dwellings in Lisbon. It is
noteworthy that the limitations imposed by the 1994 Lisbon’s Master Plan concerning the area of
Baixa-Chiado, which disallowed’" the approval of new building permits, also contributed to the
degradation of the city centre. That limitation was only lifted in 2008 by resolution of the Council
of Ministers n® 192/200872.

The limitations imposed by the rent freeze, the complex eviction policies” and the restrictions
imposed by the city’s Master Plan led to the unattractiveness of the real estate market to investors.
In its turn, the lack of investors led to a shortage in the number of available rental properties and
gave rise to illegal practices by unethical landlords who took the opportunity to charge excessive
rents, commonly with no rental contracts allowing for tax evasion. In light of this scenario, many

people started looking at homebuying.

Following the Carnation Revolution of 1974, which ended a 41-year dictatorial regime, the new
central government designed policies to incentivize home buying. In 1976, the first Portuguese
Constitution on the newly democratic regime was approved, in which article 65°’* recognized the
right of housing for all its citizens. The Resolution of the Council of Ministers of February 24",
1976 even goes to the extent of recognizing the right for every family to own their home, despite
their income level”. The resolution also provided the creation of a subsidized credit regime for
the acquisition of real estate. In 1981, Decree-Law n° 340/81 created a housing-savings

account’®, with tax exemption, further incentivizing home purchase (Figure 2-23).

Buying a house became increasingly synonymous with adulthood success, working also as a
financial safety net to decrease income levels during retirement. On the other hand, renting
became synonymous with the lack of financial capability to buy a property, and social
housing”” was associated with low-income families, leading to social stigma. This is not unique to
Portugal, as many European countries have traditionally incentivized homeownership above

renting, being seen as the “natural presence” and a sign of independence, security and “personal

% Source: PORDATA.

% The decree-law n°157/2006 allowed for coercive rehabilitation works to be enforced by the City Council and repaid by
tenants’ rents. However, despite the good intentions behind it, this resulted in large financial losses for the City Council
(CML, 2011, p70-73).

701n 2001, 48% of all dwellings were under a rental contract (CML, 2011, p61)

" With the exception of conservation works with no changes in the building (CML, 2011, p21).

72 https://dre.pt/web/guest/pesquisa/-/search/440824/details/maximized

3 According to articles 1079° to 1090° of the Civil Code, landlords would only be allowed to dissolve the rental contract
after 3 months of unpaid rents. Even after 3 months, the tenant could invoke a whole set of situations provided for in
articles 930-A of the Civil Procedure Code (CPC), leading to a complex legal resolution. (Braga, 2013)

74 See https://dre.pt/web/guest/legislacao-consolidada/-/Ic/337/202103262024/73938589/element/diploma#81790

7S See https://www.igf.gov.pt/leggeraldocs/RCM_024_02_1976.htm (point n°2)

"8 In Portuguese “conta poupanga-habitagédo”. See https://dre.pt/web/quest/pesquisa/-
[search/567419/details/normal?filterEnd=1981-12-31&filterStart=1981-01-01&q=1981&perPage=100&fgs=1981

" The percentage of social housing in Portuguese is extremely low. Only 2% of the housing stock is public housing
(however in Lisbon and Porto that percentage rises to 10% and 12%) (Xerez et al., 2019; Antunes & Seixas, 2020)
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achievement”, leading to higher housing satisfaction. It has also been traditionally seen as a way
to create wealth; however, that is not accurate as the type and location of property bought can
easily affect its future appreciation. People with lower incomes tend to buy property in less
desirable neighbourhoods with fewer benefits. As some authors put it, “Homeownership may be
a game that all can play, but the chances of winning are heavily skewed to certain directions”
(Elsinga & Hoekstra, 2005).

In 1985, with the approval of law 46/8578, we saw the first steps toward a friendlier environment
for investors. The law laid the foundations for a free market, allowing the rent value to be freely
agreed upon between landlord and tenants in new contracts. New amendments to the law were
gradually made in 1990 and 20067°, but only in 2011, in the context of the Troika memorandum,
were significant changes made leading to the approval of Law 31/2012% (Antunes & Seixas,
2020).
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Figure 2-23 - Total number of dwellings for family housing (in thousands). Source: INE

This construction shift led to the rental market's deterioration (Associagdo Lisbonense de

Proprietarios, 2011).

According to the 2001 census, 75,4% of families own their home, the highest percentage ever
recorded. Lisbon Metropolitan Area (LMA) has seen one of the most significant increases in
homeownership, from 34,8% in 1981 to 79,4% in 2001 (Xerez et al., 2019).

In 2012, the government introduced a New Urban Lease Regime update as part of the troika
agreement, which deregulated the private rental market by providing landowners and renters
more freedom in the stipulation of urban rental agreements (Lei n° 31/2012). This new regime
created a dedicated scheme for resolving existing subsidized rentals, thus enabling landowners
to quickly relocate properties in the market (Lestegas, 2019; Amore et al., 2020). Previously, the

8 For more information see https://dre.pt/pesquisa/-/search/177451/details/maximized

% Law 6/2006 was still very much protective of the elderly, limiting the increases in rent for tenants over 65 years old to
a minimum of 4% of the dwelling's taxable patrimonial value over ten years. For more information see
http://www.pgdlisboa.pt/leis/lei_mostra_articulado.php?nid=691&tabela=leis

80 See http://www.pgdlisboa.pt/leis/lei_mostra_articulado.php?nid=1779&tabela=leis
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2006 New Urban Lease Regime (NRAU?") tried to tackle this problem; however, economically
deprived tenants, the severely disabled and older contracts with elderly tenants (over 65 years
old), which comprised the large majority of lower rents, remained protected. Law n° 31/2012 made
it possible for landlords to transform older contracts (prior to 1990) into time-limited contracts with
rents consistent with free-market prices, leading to a few thousand evictions in downtown areas
and a process of gentrification and conversion residential dwellings into tourist accommodation
(hotels, hostels, and short-term rentals) (Antunes and Seixas, 2020). Smith (1996:67, as cited in
Lestegas (2019)) argued that this gentrification constituted “a back-to-the-city movement all right,

but a back-to-the-city movement by capital rather than people”.
2.8.2.3. Golden Visa Programme

In 2012, the Portuguese Government amended the Portuguese Immigration Law (Lei n.°
23/2007%) to create a Residence Permit for Investment Activity (ARI%), commonly known as the
Golden Visa Programme®. The programme is not unique to the country. Several European
countries, such as Spain, Greece, Malta, Cyprus and the UK, have similar programmes ongoing
(Transparency International, 2018). Under this programme, the beneficiary of a Golden Visa
would be allowed to reside in Portugal, work in the country, freely move in the “Shenghen” area®®
and apply for Portuguese citizenship after five years. To apply to this programme, one would have

to fulfil one of eight criteria, of which two were directly related to real estate activity:

1. The acquisition of real estate property with a value equal to or greater than 500 000€.

2. The acquisition of real estate property built at least 30 years ago or located in an urban
rehabilitation area®, and carrying out rehabilitation works in a global amount equal to or
greater than 350 000€.

According to Foreigners and Frontiers Services (SEF®), between October 2012 and June 2021,
9.834 permits were issued with China (50.26%), Brazil (10.41%), Turkey (4.75%), South Africa
(4.13%), Russia (3.89%) being the most representative nationalities among beneficiaries.
Roughly 94% of the visas were issued based on the abovementioned two criteria, of which 90.5%
were based on the acquisition of a property valued over 500 000€ and the remaining 9.5% based
on the acquisition of property for rehabilitation. According to a Transparency International (2018)
report, Portugal, on average, earns €670 million annually through this programme. Only Spain
(976 M€) and Cyprus (914 M€) have reported higher figures. According to the same source, from
2012 to 2018, Portugal managed to attract a total of 4 B€, most of it invested through real estate.

8! Novo Regime de Arrendamento Urbano (NRAU) — Law n° 06/2006

82 For more information see http://www.pgdlisboa.pt/leis/lei_mostra_articulado.php?nid=920&tabela=leis

8 Autorizagdo de Residéncia para Actividade de Investimento (ARI)

84 For more information https://www.goldenvisaportugal.pt/pt/golden-visa/beneficios-do-programa/

8 For more information see https://www.schengenvisainfo.com/schengen-visa-countries-list/

8 Note that Lisbon comprises a large area dedicated to urban rehabilitation, as seen in Annex 1. This came as a
consequence of the state of degradation of a large proportion of its buildgins stock (see for reference CML (2011))
87 Servigo de estrageiros e fronteiras (SEF). For more stats information, please visit
https://www.sef.pt/en/pages/conteudo-detalhe.aspx?nlD=51 (last visited 8 September 2021)
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In 2014, an article®® published by real estate broker JLL reported that the government must have
largely underestimated the impact of the Golden Visa in the country’s real estate market and that
the demand had almost completely exhausted the existing high quality housing stock in Lisbon’s
area. The report pointed out the quality of real estate properties, the low prices and some of the
highest yields across Europe, and the country's safety, as some of the most important points

considered by investors.

The demand for real estate properties, especially in Lisbon and Porto, in the middle to high-end
of the housing market fueled the development of this sector, leading to higher prices and a
decrease in affordable housing in the city centre. Notably, on the 22" of December 2020, the
Council of Ministers approved an amendment to the Golden Visa programme, restricting
investment to counties outside de large metropolitan areas of Lisbon and Porto®. The new regime
came into effect on July 1%, 2021, with a transition period of 1 year. After it is concluded, new

permits will not be issued for housing in the two largest metropolitan areas.

2.8.2.4. Short-Term Rentals

Founded in 2008, Airbnb is one of the dominant organizations in the so-called sharing economy
of the housing market. Its impact on the housing market in prime urban tourism areas like Lisbon
should, therefore, not be disregarded (Mermet, 2017; Lestegas et al., 2019; Oskam, 2019; Amore
et al., 2020). In September 2021, Inside AirBnB reports a total of 16 230% AirBnB active listings
in the city of Lisbon: 74.8% entire homes/apartments, 23,8% entire rooms and 1,4% shared
rooms. According to the same source, 70.9% of hosts have multiple active listings, managing
more than a single property. A recent study suggests that the top 25 homeowners in AirBnB in
Lisbon have at least 60 active listings on the platform, with a personal gain of nearly 25 M€ (Rio
Fernandes et al., 2019 as cited in (Amore et al., 2020)). According to Lestegas et al. (2019), the
parishes of Misericérdia, Santa Maria Maior, Santo Antonio and S&o Vicente face the greatest
tourist pressure. The historic core, the five civil parishes with more than 1000 listings each, Santa
Maria Maior (3101), Misericérdia (2623), Arroios (1893), Santo Antonio (1207), and S&o Vicente
(1159), concentrated, in 2018, 67.8% of the total number of listings in just 10.8% of the municipal

area (see Figure 2-24).

8 See https://www.jll.pt/pt/estudos-e-tendencias/investimento/o-golden-visa-e-uma-arma (last visited 7 September
2021)

8 https://www.portugal.gov.pt/pt/gc22/governo/comunicado-de-conselho-de-ministros?i=391 (point 11)

% Source: Inside AirBnB.
http://insideairbnb.com/lisbon/?neighbourhood=neighbourhood_group%7CLisboa&filterEntireHomes=false&filterHighlyA
vailable=false&filterRecentReviews=false&filterMultiListings=false (last visited 9 September 2021)
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Number of Listings by Parish

26.00 - 93.60
93.60-175.20
175.20 - 267.00
267.00 - 882.80
882.80 - 3145.00

Santa Clara

Lumiar Olivais

Carnide

Sao Domingos de Benfica Marvila

Benfica

‘Campolide Beato

Figure 2-24 - Listings by parish. Own elaboration. Data source: InsideAirbnb (Sep 2021)

In September 2021, the same tests were run under the scope of the present research effort and
found that 68.67% of listings were located in these same five parishes (2021 data) (see Table

2-4). Alcantara, Arroios, Belém and Estrela have also been facing significant pressure.

Table 2-4 - Comparison with Lestegas et al. (2019). Own elaboration. Source: InsideAirBnB

Parish 2018 2021 | %Change
Arroios 1893 1765 -6.76%
Misericordia 2623 2331 -11.13%

Santa Maria Maior | 3101 3145 1.42%
Santo Anténio 1159 1105 -4.66%
Sao Vicente 1207 1052 -12.84%

Despite the decrease in the number of listings, which may have resulted from the decrease in
tourism during 2020-2021 due to the COVID-19 pandemic, it comes as no surprise to find that
these have become some of the most expensive areas in the city, with average prices ranging
3460€ to 5425€ per square meter (Figure 2-25).
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Prices HeatMap 2021 (Q1) - Total
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Figure 2-25 - Median Sales Prices (1Q 2021). Own elaboration. Source: INE.

According to InsideAirBnB®' data, the parishes of Séo Vicente (89.35%), Santa Maria Maior
(87.47%), Misericordia (86.78%), Parque das Nagdes (84.84%), Estrela (82.98%) and Ajuda
(81.95%) all present more than eighty percent of its listings comprised of entire homes /

apartments (Figure 2-26).

Percentage of entire homes/apartments

30.77-52.04
52.04 - 64.36
-71.08
- 8237
-89.35

Santa Clara

Olivais

Alvalade

Sao Domingos de Benfica
Areeiro

Benfica Avenidas Novas

‘Campolide

Figure 2-26 - Percentage of entire homes/apartments listings by parish. Own elaboration. Source: InsideAirBnB (Sep
2021)

91 http://insideairbnb.com/get-the-data.html
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In 2015, only three European countries provided nearly half of the total number of Airbnb guests
in Lisbon: France (27%), Germany (10%), and the UK (9%) (Lestegas et al. 2019). According to
Eurostat (2021), median hourly earnings are much lower in Portugal (5.37€) than in France
(15.35€), Germany (17.23€) and the UK (15.2€). This influx of tourists makes it nearly impossible
for Portuguese households, with far lower purchasing power, to compete with the rates paid,

causing a shortage of available housing for sale and rent.

Cocola-Gant and Gago (2019) analyzed the impact of Airbnb (short-term rentals) in one of the
most traditional neighbourhoods in Lisbon, Alfama, between 2015 and 2017. They found strong
evidence of tourism-driven displacement caused by a buy-to-let investment strategy from
investors (foreign and domestic) using housing as an asset to store capital, taking advantage of
the income provided by short-term rentals (STR). In addition, compared with traditional long-term
rentals, short-term rentals provide increased liquidity, given by the flexibility to sell the asset at
any time. According to their findings, 78% of Airbnb landlords are individual and corporate
investors. In the case of Alfama, only 1% of the supply of Airbnb properties is offered by residents
sharing their homes. The authors have also identified several techniques used by these landlords
to harass renters and force them to move out, which impacts not only the market itself but also
its social structure and, ultimately, the uniqueness and tradition that made the neighbourhood
attractive in the first place. One of the reported techniques is what one might call “selective
rehabilitation”, where landlords renovate buildings to open STR while neglecting low-income and
elderly tenants under traditional rentals, which are seen as barriers to capital accumulation.
Additionally, Cocola-Gant and Gago (2019) identified buy-to-leave strategies in which apartments
remain vacant, working purely as a store of capital.

Overall, the phenomena of financialization of rental housing in which multi-storey buildings are
converted from its primary function of housing to a pure financial perspective of generating yield
and working as a store of value, have driven the gentrification process and contributed to the
increase in demand and subsequent increase in prices. This gentrification process affects tenants
and homeowners driven by negative externalities of tourism. Amore et al. (2020) compared the
phenomena of STR in three major European cities: Athens, Lisbon and Milan. Their findings are
aligned with Cocola-Gant and Gago (2019) concerning Lisbon. The authors even state that the
“quick rental turnaround observed in the Alfama-Mouraria is reflection of the surge in property
values observed in main urban tourist neighbourhoods of Baixa and Avenida da Liberdade”,
building on the idea of reinforcement of price increase driven by STR. According to the study, the
policies that regarded STR as a solution for the economy, clearly overlooked socio-economic

disparities that emerge between existing residents and tourists and its effects on the market.

Despite the negative consequences of STR, other studies found examples of positive impacts of
these platforms, namely the fact that they provide a more convenient accommodation service for
customers (Oskam, 2019), create employment opportunities (Romé&o et al., 2018), create a higher

volume of visitors to secondary tourist cities (loannides et al., 2018) and even may drive the
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rehabilitation of the city centre (Lestegas et al., 2019). However, it is undeniable the impact it has
on the gentrification process and the increase in prices forced by the reduction of available and

affordable housing (Cockburn Association, 2018, p2; Amore et al., 2020).

In 2018, an amendment to the law for local accommodation (Law n°62/2018°%) allowed City
Councils to restrict the number of STR. Under this amendment, the Lisbon City Council has
applied restrictions to specific neighbourhoods, disallowing any new requests for STR licenses in
Bairro Alto, Madragoa, Castelo, Alfama, and Mouraria, where, at the time, more than 25% of
housing was already assigned to STR (Francisco, 2018). However, the clause does not apply to

pre-existing listings in these areas (Amore et al., 2020).

Despite the restrictions, from 2016 to 2021, we have seen the continuation of the trend in prices,
especially in the city centre (see Figure 2-25), with median sales prices doubling in the parishes

o Arroios, Santo Anténio, Penha de Franga, S&o Vicente and Ajuda, over just five years

In many ways, during the last decade, the real city has been demonstrating a focus on the city
users (investors and tourists) rather than the city residents (Martinotti, 1993; Lestegas et al.,
2019). This focus has been reflected in the soaring of real estate property prices and increasing

the value-at-risk.

2.8.3. Seismic Risk

Previous studies and events have demonstrated that the nation’s capital city is at risk (Lopes,
2008; Simdes et al., 2012). The Portuguese territory is of moderate seismicity, given the proximity
to the Gibraltar-Azores fault. While most activity can be characterized as of low intensity (M<5,0),
events of moderate to high intensity (5,0 < M < 7,8) may also occur sporadically (Borges et al.,
2001; Sotto-Mayor, 2006; Sousa Oliveira, 2008; Santos et al., 2019). Although the Azores register
the highest number of events®® across the country due to its proximity to the Azores Triple
Junction (ATJ) (Caldeira et al., 2018), the mainland has also been severely affected throughout

its history.

The earthquakes of 1531 and 1755 have largely been considered the two most devastating to hit
the Portuguese capital. Although it would be fair to assume that the 1531 event had a similar
extent, the largest reported and most devastating natural disaster to hit Lisbon was the 1755
earthquake, estimated to have reached an 8.70 magnitude (Appleton, 2001; Spence, 2007). The
sheer size and impact of the event shocked not only the Portuguese people but the rest of Europe,

being one of the most impactful natural disasters in Europe’s 18™-century history%4. At the time,

92 https://dre.pt/home/-/dre/116152179/details/maximized

% Since its discovery in the 15" century, Azores have registered 33 earthquakes with an intensity equal to or greater
than VII, causing 6.300 deaths and widespread destruction. The dynamics of the Azores triple junction (ATJ) plate
boundary and volcanism are the main causes of these events (for more information, see Caldeira et al. (2018)).

% The event had the immediate attention of Europe’s great thinkers at the time, having influenced the enlightenment
movement (see for reference Voltaire (1756), Rousseau (2005), Yeats (2015), Braga (2017). More recently, it has been
described in scientific publishing but also portrayed in documentaries for different occasions (see for instance, “O
terramoto de Lisboa de 1755” (2005), “ Wild Planet — Lisbon in Jeopardy” (2009), “God’s Wrath” (2013))
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Lisbon was the cosmopolitan capital of a wealthy empire stretching out from Brazil to the far east.
According to historical records, it was home to between 110.000 to 350.000 living in a total of
30.000 to 50.000 dwellings (Santos, 2008; Sousa et al., 2012). On the morning of the All-Saints’
Day, 15t of November 1755, most people were serving their religious duties, attending masses in

the several churches and chapels spread across the city (Figure 2-27).

e i i e s R S :
Figure 2-27 - Lisbon before the earthquake (1755). Source: Santos (2008)

In the event's aftermath, thousands of people lost their lives. Depending on the source, the
number of deaths ranges from 6.000 to 8.000 (Santos, 2008), to 10.000 (Costa et al., 2012;
Santos et al., 2019) to as high as 20.000 (Sousa et al., 2012). Some records reportedly estimate
the number of deaths at 100.000, although it may have been exaggerated, especially compared
to other sources (Santos, 2008). The event also led to the damage or collapse of 14.000 buildings
(Costa et al., 2008; Sousa et al., 2012). The direct economic cost is estimated to have been
between 32% and 48% of Portuguese GDP (Pereira, 2009). It is noteworthy that the event
changed the economy, urban landscape, and city limits. For example, Santos et al. (2019) showed
that the coastline of downtown Lisbon changed significantly since the earthquake, increasing the

available land area from 50 m to about 300 m.

Sebastido José de Carvalho e Mello, the first Marquis de Pombal®®, as later came to be known,
was a central figure in the awakening of the earthquake event. Mello led the city's reconstruction,
based on a plan proposed by General and Royal Engineer % Manuel da Maia and put into practice
with the help of military engineers Eugénio dos Santos and Carlos Mardel. The reconstruction
was initiated right after the event, in 1756, and took approximately one hundred years to be

concluded (Santos, 2008). With the seismic event in mind, new construction techniques were

% in Portuguese, Marqués de Pombal
% General e Engenheiro Mor do Reino de Portugal
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implemented, giving rise to the “Pombalino” buildings. These buildings were characterized by
their wooden structural frames, commonly known as “gaiola” (in English “cage”), which provided
structural robustness and resistance, specially designed to the occurrence of seismic events
(Figure 2-28).

- Estrutura da cobertura em asnas de
madeira trelicadas

Paredes mestras em alvenaria

Estrutura de pavimento em madeira
com vigamento e tarugamento

4 :@_.-ﬂ‘._. Frontal pombalino em madeira com
S Lll | reforco em cruz de santo andré,
fasquiado @ argamassado

Tabique em madeira composto
por thbua costaneira, fasquiada e
argamassada

Estrutura do pavimento em arcada de
alvenaria de tijolo burro com limina de
compressio de entulho com argamassa

Pavimento térreo em lajeta de pedra
cakcdria

Figure 2-28 - Pombalino building schematic structure. Source: OARSR (2016)

There is a clear distinction in Portuguese housing and urban planning between the pre-and post-
1755 earthquake period, with the adoption of suitable building materials and construction
techniques. In a broader sense, one may say that the history of building seismic upgrades in
Portugal is mainly related to earthquake disasters (such as the 1755 earthquake) or building code
enforcement (Costa et al., 2012; Lopes, 2008; Jarimba, 2016).

2.8.4. Risk Assessment

Assessing the building stock’s risk is a crucial step in understanding the impact of a natural
disaster. Several authors have focused on the risk of Lisbon’s specific building typologies,
allowing for an in-depth analysis of each structural specificity. This section will cover some of the
most relevant studies on each building typology. The case study section will present a detailed

description of each typology.

Simdes et al. (2015) conducted a seismic performance-based assessment analysis of

“Pombalino”, “Gaioleiro”’, and “Placa®® buildings and found a significant seismic vulnerability in

every typology. The author also found they do not fulfil the requirements for the ultimate limit state

% type | - strait size fagade walls and one side shaft — see for reference (Appleton, 2005)
% “rabos de bacalhau” sub-type
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as defined in EC8-1 (Anexo Nacional do EC8, 2009) and Italian Code (NTC, 2008) and urged for

improvements in the seismic capacity of these buildings.

Mendes and Lourengo (2010) studied the “gaioleiros” buildings through numerical analysis on a
reduced scale 1:3 model, carrying out nonlinear dynamic analysis with time integration and
pushover analysis. They concluded that even buildings with appropriate floor-wall connections
are at the limit of their loading capacity under seismic action, according to EC8 National Annex
(Anexo Nacional do EC8, 2009). During the analysis, the authors also concluded that “gaioleiros”
follow the typical collapse of masonry buildings, including (a) cracking around the corners of the
openings; (b) out-of-plane collapse (4th floor’s piers). Neves (2016) studied the seismic resistance
of “gaioleiros” buildings using nonlinear analysis (pushover). The flexible wooden floors cannot
provide the stiffness needed to uniformly distribute horizontal loads across the vertical masonry
walls. He also confirmed a difference in the stiffness between the two main directions, further
contributing to its vulnerability. He concluded there was sufficient evidence to confirm the high

vulnerability of “gaioleiros” to seismic events.

Simdes (2018) studied the seismic vulnerability of the unreinforced masonry buildings constructed
in the transition between the 19th and 20th centuries in Lisbon, based on a group of 3 buildings
representative of sub-type of buildings, using nonlinear static and dynamic analysis. Considering
the earthquake-resistant code for Lisbon (action type 1 with a return period of 475 years), the
results indicated type | buildings® to have approximately 50% probability of having hefty damage
and more than 30% of probability of collapse. According to the author, the results “put in evidence
the high seismic vulnerability of these buildings and the urgent need for the structural intervention
and for the design of retrofitting measures in order to reduce potential losses due to future

earthquakes’.

Marques et al. (2017) conducted a cost-benefit analysis of seismic retrofitting for old residential
buildings in Lisbon, stone masonry and “Placa” buildings. The results concerning stone masonry
buildings are consistent with the studies mentioned above, with the author highlighting the
difference in resistance in the two main directions. “Placa” buildings were also found to be unsafe,
mainly due to their irregularity in elevation and heterogeneity in the distribution of structural
elements. However, the author found that the seismic performance of low height “Placa” building
can be increased by 60% using a relatively cheap solution (2.6% of the building value) by

combining steel jacketing of RC beams with a partial application of reinforced plaster on a wall.

Caruso and Bento (2019) evaluated the structural seismic behaviour of an old reinforced concrete
building (pre-1980). Using a case study building designed under the 1958 old Portuguese Code
for Reinforced Concrete and for Earthquake-Resistant Design (RSCCS) %, they found it only to
withstand low seismic forces and had insufficient seismic detailing. Jarimba (2016) have also

focused on the seismic vulnerability transition concrete buildings built during 1960-1980 in the

% buildings with small size facades and one flat per floor
190 RSCCS, Regulamento de Seguranga das Construgdes Contra Sismos . DL 41658. (in Portuguese), Lisbon,1958.
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neighbourhood of Alvalade. The author states that most of these buildings were built based on
unclear regulatory frameworks, which may have led to an inferior seismic building design. She
performed a linear and non-linear (pushover) analysis on a sample building model and concluded
that the structural behaviour of this typology is conditioned by the type of actions applied to the

building: however, it shows an inadequate resistance to seismic action, especially on upper floors.

Several studies have been conducted throughout the last decades on a broader building stock
risk assessment. The city council has long shown awareness of the seismic risk through multiple
initiatives. One of the earliest examples was the development of an Earthquake Damage
Simulator by the Municipal Civil Protection Service (SMPC/CML) ' in partnership with the
scientific community (CGUL/FCUL, DGEOL/FCUL, IST, LNEC, ISEL, among others). This was
integrated into the Emergency Plan for Seismic Risk'%? (PERS), leading to the deployment of a
GIS-based solution as part of the emergency response and preparedness plan (Pais 2002). This
plan was based on previous studies assessing Lisbon’s seismic risk (see for reference Sousa et
al. (1992); Pais et al., (1996a) and (1996b); Pais (2001)). To develop the simulator, vulnerability
and fragility functions were built for each building typology. This allowed the municipality estimate
damage percentage and financial losses, the number of damaged buildings and their
corresponding damage level, the probability of collapse of each typology, and the percentage of
population affected given the structural damages. Infrastructures, such as transportation, gas and
electricity networks, were also accounted for in the model. The city's population variation
throughout the day was also considered in the model, given the large influx and outflux of people
during the business days. By inputting epicentre coordinates, the magnitude of the event, and the
hour, the system would produce a spatial estimate of damage to the building stock and
infrastructure and estimate the number of casualties, injured, and displaced people (see Figure

2-29). The study concluded that the historic centre and adjacent areas faced the most risk.

# ;Eﬁ y _*,

Edificios
c/ Danos Severos
por Quarteirio (%)

Danos Severos %
< 5%

- 15%

15 - 0%

Fraguasias

Figure 2-29 - Estimated buildings with severe damage (%) per city block. Source: Pais (2001)

91 Servigo Municipal de Protecgéo Civil da Camara Municipal de Lisboa (SMPC/CML)
92 Plano de Emergéncia para o Risco Sismico (PERS)
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LNECLoss consisted of a software simulator for Lisbon and was initially promoted by the National
Service of Civil Protection and developed by The National Laboratory in Civil Engineering
(LNEC)'®. It analyzed the earthquake risk not only for a specific building typology but for the
overall building stock (Costa et al., 2004; Afonso, 2006; Costa et al., 2008). One of the scenarios
simulated a 1755-like event in Lisbon Metropolitan Area (LMA).

The LNEC's contribution to the project allowed to:

1. Characterize geology and seismic action in LMA;
2. ldentify and characterize the vulnerability of elements at risk;

3. Assess damages to the building stock and loss of human lives;

In order to assess the vulnerability of the building stock, the authors used information regarding
the number of storeys, building year and type of elements used in the construction. By crossing
this data, the authors could simulate the building’s behaviour based on its building typology'®,
using Displacement-Based Seismic Assessment (DBA). The authors have estimated up to 12448
deaths in LMA for a seismic scenario similar to 1755 (Costa et al. 2008). It also states that the
low perception of seismic risk among the Portuguese population may result from the low number
of casualties caused by earthquakes, in continental Portugal, during the 20" century (Sousa,
2006).

Among its main findings, it is possible to highlight:

1. The economic risk of a seismic event in Lisbon’s Metropolitan Area (LMA) was evaluated
regarding the replacement cost of the residential building stock. Economic losses vary from
1.3%, for 95 years return period, up to 38%, for 5,000-year return period, of the total
replacement cost of LMA residential building stock.

2. After implementing a given strengthening strategy, based on selective retrofitting
interventions and applied to typological building classes responsible for the larger seismic
economic risk referred to above, it was concluded that economic risk could be mitigated by
an 36% for all return periods.

3. The maps of loss estimation after the implementation of the proposed mitigation actions show
that the chosen mitigation action has predominant effects on the south margin of Tagus River,

where intermediate soils prevail.

At the time of writing, no Web-based simulator for LNECLoss was found, and according to the EC
website'% the LESSLOSS project ended on the 315t of August 2007. Nevertheless, the LNECloss

193 | aboratério Nacional de Engenharia Civil (LNEC)
104 Each building was assigned to one of 49 building typologies based on its characteristics
195 https://cordis.europa.eu/project/id/505448 (last visited 7 September 2021)
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tool can be considered a landmark project on the seismic simulation of earthquake scenarios and

possible outcomes.

Teves-Costa et al. (2011), analyzed loss scenarios based on the existing housing stock (see
Figure 2-30).
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Figure 2-30 — Main building typologies by statistical unit. Source: Teves-Costa et al. (2011)

With a sample of 2500 buildings from the Lisbon City Hall Database, they have applied the EMS-
98'% scale and calculated vulnerability and fragility curves for each typology. Based on this
information, the geology and topography of the city, they have created two possible scenarios:
(1) one considering a near epicenter, with a macroseismic intensity of VIII (EMS98) and (2) one
considering a distant epicenter with a macroseismic intensity of IX (EMS98). Figure 2-31 and
Figure 2-32 show the percentage of building with level 4 (very heavy damage) by sub-statistical

unit.
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Figure 2-31 - Level 4 damage due to near distance Figure 2-32 - Level 4 damage due to distant earthquake
earthquake (%) (level VIl intensity). Source: Teves-Costa (%) (level IX intensity). Source: Teves-Costa et al.
etal. (2011) (2011)

% The EMS98 scale considers 5 damage levels, from 1 (negligible to slight damage) up to 5 (destruction). Level 4
represents very heavy damages. For more information, please refer to EMS98 or consult the summary table in Annex A.
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In 2005, the City Council released their Sectorial Studies on Seismic Risk'%”, with the collaboration
of The Institute for Structural Engineering, Territory and Construction from Instituto Superior
Técnico (ICIST)'®, The study aimed to produce recommendations to be included in the city’s
Master Plan such as the definition of critical seismic areas. The document also contains
recommendations regarding interventions in existing buildings, such as the disallowance of any
intervention that may decrease the global resistance to horizontal loads, such as the construction
of new upper floors. Special care is recommended for “pombalinos” and “gaioleiros” buildings.
Regarding the rehabilitation of buildings, it is recommended that any rehabilitation project should
be required to contain detailed information on the building’s seismic resistance explicitly and that
maintenance works of more vulnerable buildings should be used as an opportunity for its
structural retrofitting. It also recommends a tighter oversight of construction works by the Lisbon
City Council. In this study, the authors also recommended the update of the Earthquake Damage
Simulator developed in 2001, to reflect the changes in the population dynamics and in the city’s
urban landscape. Summary tables (Table A.0-3 and Table A.0-4) containing the above-mentioned

studies and their key findings can be found in Annex A.
2.8.5. Building Stock

Lisbon’s building stock can be divided into seven main building typologies (Lopes, 2008; Jarimba,
2016; Neves, 2016). However, as evolution is a continuous phenomenon across time, this
classification should not be interpreted strictly since it may vary slightly across locations. The
building typologies are as follows:

1. Old mansory buiildings (prior to 1755 earthquake)
These are buildings composed of thick masonry walls and wooden floors. They present
extreme irregularity in the size of its structural elements (namely masonry stone), mortars
used and overall quality of construction. Thus, it is difficult to characterize in one single
class the structural resistance of these buildings. Some authors even argue that it is
difficult to define a specific building typology in pre-1755 buildings, as they emerged
across several centuries and with no proper urban planning (Simdes et al., 2012).
However, some features appear to be common in Lisbon’s old masonry buildings. The
wall thickness is usually reduced from bottom to top and has also been reduced over
time, so newer buildings will likely present thinner walls. It is noteworthy that many of the
existing old masonry building stock suffered significant structural changes, with the
addition of extra upper floors or even elevators (Simdes et al., 2012). Some authors even
divide this class into two sub-classes (OASRS, 2016):

197 For more information see
https://www.lisboa.pt/fileadmin/cidade_temas/urbanismo/DELETE_documentos/estudo_sobre_risco_sismico-1.pdf (last
visited 8 September 2021)

198 |nstituto de Engenharia de Estruturas, Territério e Construgdo do Instituto Superior Técnico (ICIST)
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Buildings with “ressalto” floors — Mainly built during the medieval period (Figure
2-33), prior to the 1499 Royal Letter by D. Manuel, which required the demolition of
advanced building facades. It also required the new buildings to use masonry instead of
wood in its construction process as a measure of risk reduction to fires and sanitation,

with aligned facades and building heights;

Figure 2-33 - Building with “ressalto” floors

“Seiscentistas” buildings — built during the sixteenth century and until 1755 (Figure
2-34);

Figure 2-34 — Casa-Museu Amalia Rodrigues ("Seiscentista" building”)

Most of these typologies can be found in the old part of the city, mostly in downtown areas

such as Castelo, Alfama and Mouraria and Bairro Alto (Appleton, 2001)
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“Pombalino” buildings (built during the 1755 reconstruction)

The 1755 earthquake was a turning point in the city landscape and construction
techniques. During the reconstruction, a new building construction typology was created,
with a more robust structure and less vulnerability to seismic activity. This type of
construction extended for almost a century and was based on prefabricated structural
elements (OASRS, 2016; Jarimba, 2016). Wooden vertical and horizontal elements were
added to the facades to increase resistance of the masonry wall and to connect them to
the three-dimensional wooden frames that composed interior walls, the so-called “gaiola
pombalina” (Simdes et al., 2012). This wooden truss, commonly known as “Cruz de Santo
André” (in English “Saint Andrews’ cross”), was then filled with masonry elements (Neves,
2016). The regularity in construction within each compound also provided added
structural stability to “pombalino” buildings. Although the added resistance, these
buildings still present weaknesses. As an example, one might consider the variation in
stiffness across height, caused by the use of different elements across the first floor (built
entirely in masonry) and the upper floors (built upon wooden frames), one of its most
notable fragilities (Simdes et al., 2012). The construction of new upper floors might build
upon these fragilities, increasing safety concerns in case of no structural reinforcement
(Appleton, 2001). This type of building can be seen in the downtown area, also known as
“baixa pombalina”.

“Gaioleiro” buildings (built the last third of the XIX century, corresponding to a
phase of large city expansion)

The city of Lisbon was subject to a significant increase in its population during the last
third of the XIX century. Between 1890 and 1911, the city saw its population rise from
301 206 inhabitants to 435 359 inhabitants, a 45% increase over 21 years (Simdes,
2018). Hence, there was a need for a rapid expansion of the city's urban landscape.
Frederico Ressano Garcia, an engineer and politician, was responsible for designing the
city’s expansion to the north through the construction of the Avenidas Novas and Bairro
Camées and consolidating other areas such as Campo de Ourique. Due to the pressure
to expand the city quickly, the new city plan was flexible in architectural details, with no
definition concerning maximum heights, widths, or occupations leading to a
heterogeneous building landscape (Appleton, 2005). However, in the absence of a strict
and defined plan, real estate developers and builders focused on profits rather than
safety, using poor quality materials and changing the construction of structural elements
at their will (Lopes, 2008; Neves, 2016). The construction was, in some instances, so
poorly conducted that it led to the collapse of several buildings during the construction
process (Appleton, 2001). The fading memory of the 1755 events and the approval of the
2030 law, which allowed the replacement of older buildings with poorly constructed new
buildings with a higher number of dwellings, further contributed to the deterioration of the

“pombalino” construction techniques into what came to be known as the “gaioleiro”
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buildings (Gomes, 2011). There are several differences between the more robust
“pombalino” buildings and the newer “gaioleiros”. The timber diagonal elements from the
front facade were gradually removed, and brick walls replaced the thick rubble walls on
the lower floors and hollow or “tabique” walls on the upper floors, giving little to no
structural support to out-of-plain movements (Mendes & Lourengo, 2010). Furthermore,
5 or 6 storeys are common in this typology, contrasting with the “pombalinos” typical
three-story design. Hence, “gaioleiro” buildings present significant vulnerability to seismic
activity (Simoes et al., 2012). This type of construction prevailed in the city from the 1870s
until the 1930s. Nowadays, it is estimated that “gaioleiro” buildings represent 24% of all
building stock in Lisbon, with a total of 14 000 units (Simdes et al., 2014, 2015). In
addition, many of these units have not been subject to proper maintenance, presenting
signs of degradation of structural elements and increasing safety concerns (Simdes et
al., 2012).

4. “Placa” buildings or “transition buildings” (wood and reinforced concrete mixed
design)
In 1921, a collapse of a building, leading to the death of twelve workers, caused a public
demonstration against the “gaioleiros” (Simdes, 2018). This event paved the way for the
surge of a new typology. In the late thirties and early forties, with a new urbanization plan
by engineer Duarte Pacheco, a new building typology using a mix of masonry-reinforced
concrete appeared in the city, the “placa” buildings. This typology introduced the use of
reinforced concrete in the lower commercial areas needing larger beam spans. On the
upper floors, back balconies and service rooms (kitchens and bathrooms) were also built
on a lightly reinforced concrete slender slab combined with the use of timber in the
remaining floor area (Simdes et al., 2012; Jarimba, 2016; OASRS, 2016). It is noteworthy
that the use of concrete slabs in the referred areas aimed to diminish the risk of fire by
removing inflammable materials and the risk of timber rotting due to humidity. Despite the
RC slabs, bearing masonry walls were still in use. This constitutes an evolution not only
in the architecture but also in the engineering of new buildings, fostered by increased
concern for building safety and the approval of the Regulamento Geral de Construgdo
Urbana (RGCU)'® by Lisbon’s City Hall in 1930. The use of concrete slabs introduces
the weight of the floor as one of the most significant in the structure. In addition, it provides
the structure with increased stiffness at the floor levels. Nevertheless, the difference
between the first floor (commercial area) and the remaining upper floor still constitutes a
difference in stiffness across the height of the building, which is detrimental to its
response to seismic activity.
The increased regulation of the construction sector, namely by the approval of the
Regulamento de Salubridade das Edificagbes Urbanas''® (1903), Regulamento Geral da

% The Regulamento Geral de Construgéo Urbana (General Law on Urban Construction) of 1930 imposed stricter
resistance and safety measures and discouraged the construction of “gaioleiro” buildings.
10 Regulation for Health of Urban Buildings
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Construgdo Urbana (1930), Regulamento do Betdo Armado'"' (1935), Regulamento
Geral das Edificagbes Urbanas''? (1951) and the Regulamento de Estruturas de Bet&o
Armado (1967) (OASRS, 2016) have marked this transition phase and is clearly notable
in the evolution of mixed masonry-reinforced concrete buildings.

This typology remained in use until the 1960s and constitutes one of the most
representative typologies in today’s building stock (approx. 22%). It is found to be most
expressive in the neighborhoods of Alvalade, Encarnagdo, Serafina, Boavista and
Areeiro (Appleton, 2001; Jarimba, 2016).

5. First period of reinforced concrete buildings (before 1961)

The first RC buildings were built in the city during the 1940s and 1950s. Initially built in
public real estate developments, the market rapidly adopted the new structural approach.
Bearing masonry walls were replaced by RC beams and columns in a framed structure.
The first construction safety regulation against earthquakes in the country, the
Regulamento de Seguranga das Construgées Contra Sismos''® (RSCCS) was published
in 1958. Thus, despite its superior structural stiffness, several of the first RC buildings
were not designed considering any seismic activity, using low to moderate resistance
concrete and slender concrete slabs (Lopes, 2008; Jarimba, 2016). In 1961, the
Regulamento de Solicitagbes em Edificios e Pontes (RSEP) was published, putting
together all actions required for buildings' structural design for the first time. However,
despite the RC design, several buildings were built using low-quality concrete with lower
resistance, especially noticeable in the mechanical behaviour of columns (Appleton,
2001).

6. Second period of reinforced concrete buildings (before 1985)
After 1961, the building design already accounted for seismic resistance, leading to the
second phase of RC construction. However, the publishing of the Regulamento de
Seguranga e Agbes em Estruturas de Edificios e Pontes (RSA), in 1983, updated the
requirements of actions on buildings with stricter regulations. As seen in Figure 2-35 the
percentage of buildings built after 1960 is lower in the city centre and more significant in

the outer areas, such as Parque das Nagdes, Olivais and Lumiar.

"1 Regulation for Reinforced Concrete
12 General Regulation for Urban Buildings
3 Construction Safety Regulations Against Earthquakes
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Edificios construidos depois de 1960

Percentagem de edificios no quarteirdo
0-50 %
I 50 - 100 %

Figure 2-35 - Percentage of buildings (per block) built after 1960. Source: CMLisboa

7. Modern reinforced and prestressed concrete buildings
The adoption of the Regulamento de Seguranga e Agbes em Estruturas de Edificios e
Pontes (RSA) and the Regulamento de Estruturas de Betdo Armado e Pré-Esforgado
(REBAP) layed down the foundations for modern reinforced and prestressed concrete
buildings. The Eurocodes published during the last decade of the twentieth century,

normalized regulations for buildings structural design across Europe.

Most of Lisbon’s housing stock is not well suited to resist a seismic event (CML, 2011, p58).
According to Costa et al. (2008), 27.3% of the buildings in Lisbon Metropolitan Area were
constructed before the first Portuguese seismic code. That percentage rises to 63,9% if we narrow
it to the city of Lisbon. Several studies have analyzed the vulnerability of its housing stock to the
occurrence of an earthquake. Appleton (2001) raised awareness by describing potential
scenarios caused by 1755-like events in the 21st century, detailing the expected effects in each

building typology.

In 2001, the Sociedade Portuguesa de Engenharia Sismica - SPES (Portuguese Society for
Earthquake Engineering) and the Grémio das Empresas de Conservagdo e Restauro do
Patrimoénio Arquitecténico - GECoRPA (Portuguese Association of Companies for Preservation
and Restoration of the Architectural Heritage), elaborated a reduction program of the seismic
vulnerability of the building stock (SPES & GECoRPA, 2001), similar to the ones implemented in
other countries (such as USA, New Zealand, Japan, ltaly, and Turkey). The programme focused
on seismic rehabilitation, conducted an extensive analysis of the vulnerability of the Portuguese

building stock and aimed to draw the attention of the civil society to the seismic risk. The authors
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agreed on 14 best strategies to reduce vulnerability during the debate. The need for a general
enforcement of the adequate building codes and inspections, the development of documents
intended to supervise rehabilitation, namely the specific creation of a Seismic Rehabilitation
Manual devoted to the main typologies of the building stock''4, the guarantee of adequate
technical training for professionals and the involvement of various stakeholders (schools,
professional associations and business associations) in the process. The APS — Associagao
Portuguesa de Seguradores (Portuguese Insurers Association) has also been pointed out as one
of the important stakeholders in controlling the quality of the design and execution of the work.
The programme presented a 20-year plan for the rehabilitation of buildings, but by 2007, it had
not been acted on (Spence, 2007).

2.9.Final Remarks

After an extensive analysis of the Portuguese real estate markets, its legacy, trends, vulnerability

and exposure of the housing stock, we may consider some concluding remarks:

e Lisbon’s Metropolitan Area (LMA) contains a significant portion of the Portuguese
population, economic and decisional power;

e The Portuguese capital city is considered to be of moderate seismicity, with two
significant reported events in its history that changed the city landscape, causing
thousands of deaths and financial losses, and shaping construction for the following
decades;

o Despite the event, most of Lisbon’s housing stock presents high levels of vulnerability to
seismic events, especially the “gaioleiros” which constitute approximately one fifth of the
city’s building stock; Approximately 2/3 of the stock was built before any seismic
regulation;

e The increasing population of the LMA has been increasing the exposure to risk during
the last decades;

e The traditional preference for homeownership allied with the promotion of governmental
policies that favoured home acquisition, the deregulation of the financial market in the
80s and 90s, the deregulation of the rental market in 2012, the surge of short-term rentals
(STR), the increased number of tourists and the commoditization of the real estate
market led to an extraordinary increase in property valuations and, consequently, value-
at-risk;

e The low levels of earthquake risk insurance penetration, and the lack of a regulatory
framework requiring mandatory insurance coverage and not allowing for the creation of
a seismic emergency fund, increases the exposure of the built environment to financial

risk;

14 The creation of this document has been considered by the authors as an “irrefutable priority”.
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o Despite the risk, most of the population and investors are unaware of it (Appleton, 2001).
Furthermore, the analysis of real estate price changes suggests that investors and
homebuyers are oblivious to the risks. However, most of the household’s wealth is in
real estate property;

o Although there is extensive research on the building stock losses and risk assessment
of the housing stock, to the author’s best knowledge, there is no comprehensive study
on the awareness of real estate stakeholders to the vulnerability of their houses nor their

exposure to risk;

Given this context and the lack of research on the awareness of real estate stakeholders about
the risks, it is utterly vital to provide an adequate understanding of the impact of seismic risk on
the property market, to understand the levels of awareness amongst the population and to provide
new information and recommendations. Hopefully, this could assist policy and decision-makers
to act accordingly, reducing both the exposure of people and the vulnerability of property stock.
Furthermore, a correct assessment and communication of risk will minimize financial losses to all

stakeholders and preventable losses of human life.
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3. Methodology

3.1. Overall Approach

Several key points are required to analyze the influence of risk in the real estate market, hence
the methodology used should be capable of capturing the effects comprehensively. First, one
should consider risk itself. Risk is often referred to as a combination of hazard, vulnerability and
exposure when dealing with natural events, such as earthquakes, but simplified into the
combination of likelihood and consequences in a more general framework. Therefore, one should
consider not only the historical seismicity across the city (the epicentre of previous events,
magnitude and ground motion effects — i.e., hazard) but also buildings’ structural behaviour and
response to an earthquake (vulnerability) as well as the population dynamics and demographics
(to estimate the number of injured and death — i.e., exposure) (Costa et al., 2008). However, this
work will mainly focus on the vulnerability of Lisbon’s building stock and its differences across
building typologies and neighbourhoods.

Nevertheless, the methodology will start with some considerations that should be taken into

account to understand the rationale behind the methodology used. These considerations concern:

1. Building stock - a key point to having a deep understanding of the building typologies

across the city and its history.

2. Ground motion - is imperative to understand in order to calculate the requirements that

each building should fulfil in order to avoid collapse.

3. Spatial considerations - given that location is known to be one of the main factors in
determining real estate values. This includes a number of distinct factors, such as

proximity to transport, public facilities, etc.

4. Economic considerations - given that the price of a real estate asset is arguably affected

by macroeconomic trends and local effects such as shifting demographics.

Although this might not be an exhaustive list of all the factors affecting the real estate market
(McGinnis, 2004), these four large groups were considered to be some of the most important to

the understanding of the real estate dynamics.

In the first phase of the study, different techniques will be used to analyze these values from
different viewpoints to have a deeper understanding of all the factors impacting the perception of
risk and its reflection on real estate values. First, a dataset with over 8.000 real estate transactions
will be explored using various techniques often used in Exploratory Data Analysis (EDA), such as
univariate analysis, bivariate analysis, multivariate analysis and even spatial analysis techniques.

Principal Component Analysis (PCA) and feature selection techniques will also be employed. This
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will provide an overview of the data and allow building the following phases upon an informed

basis.

In the second phase, the author will gather elements from previous works on seismic hazards and
soil types in Lisbon will be gathered to estimate the vulnerability of its building stock on a building-
by-building automated approach. It is important to highlight that, given the large number of
properties under analysis, it would not be feasible to physically analyze each of these buildings;
therefore, it was required an implementation of a set of automated techniques and simplifications
allowing the attribution of vulnerability rating for each property, based on its construction year,
location, the estimated number of floors and building typology. Following the work of Sousa et al.
(2012) and Ferreira (2012), this vulnerability will be synthesized into a single index, considering
both the actual and the required vulnerability of the building to avoid collapse, under the name of

Building Resistance Deficit (BRD). This process will be described in section 4.7.

In the third phase, the impact of risk and its perception on real estate from a revealed preferences
point of view will be modelled. Several classic modelling techniques, such as the Multiple Linear
Regression will be used to build the hedonic price models, as well as more recent algorithms such
as the Multivariate Adaptive Regression Spline (MARS) and Extreme Gradient Boosting
(XGBoost). No fragility analysis will be carried out nor estimation of human or economic losses
(value per building floor lost), as this work focuses on measuring the impact on actual recorded

transactions.

The fourth phase will provide an understanding through the stated preferences viewpoint, using
Contingent Valuation Methods (CVM), based on surveys and controlling for some response bias
known in the literature. It is noteworthy that respondents' biases always influence data based on
surveys. Every human interaction is known to be affected by many biases resulting from the
conditions where the survey is delivered, the subject's past experiences and even the wording
used. Thus, the survey build and delivery should be thoroughly crafted to minimize the effects of

response bias, maximizing the quality of the data obtained.

The fifth and last phase consists of joining all of this data to build a single model encompassing
both the revealed and stated preferences, providing an overview of the risk aversion of investors

and real estate stakeholders towards earthquake risk (Nakagawa et al., 2009).

3.2. Building Stock Considerations (vulnerability)

One of the core topics of this work is the impact of the building’s vulnerability to earthquakes
which strongly depends on its structure and, therefore, on its building typology. It is not under the
scope of this work to propose capacity (pushover) analysis and fragility curves but to use previous
results upon which to build. In section 2.8.4, the city’s buildings were classified into seven
typologies, according to Lopes (2008):
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1. Old masonry buildings (prior to 1755 earthquake).
2. “Pombalino” buildings (built during the 1755 reconstruction).
3. “Gaioleiro” buildings (built in the last third of the XIX century).

4. “Placa” buildings or “transition buildings” (wood and reinforced concrete mixed design,
built approximately from 1930 to 1960).

5. First period of reinforced concrete buildings (before 1961).
6. Second period of reinforced concrete buildings (before 1985).
7. Modern reinforced and prestressed concrete buildings (built after 1985).

One can argue that an eighth category could be added, containing the most recent building
techniques from the 2000s onward. Sousa et al. (2012), used the classification of the census
1991 tracks (building materials and epoch), and adopted seven typological classes: adobe and
rubble stone (all epochs), masonry before 1960, masonry 1961 — 1985, masonry 1986 — 2001,
reinforced concrete (RC) before 1960, RC 1961 — 1985 and RC 1986 — 2001. Each typological
class was then subdivided into seven classes for the number of floors, obtaining 49 vulnerability
classes a similar seismic response. Ferreira (2012) took a similar approach, starting from a total
of 27 building typologies. However, it grouped the original twenty-seven categories into five large
groups, allowing for a less rigorous but more expedite approach. The final five categories are as
follows: masonry (before 1945), RC 1946 — 1960, RC 1961-1985, RC after 1985, up to five floors
and RC after 1985 with more than five floors. Each of these five categories serves as the base
for the vulnerability values attributed to each building, to which specific factors are added
depending on the number of floors, condition of the building, existing damages, among others. In
the first approach, the use of this classification to attribute the estimated vulnerability values (Vui),

will be considered, as per the following table (Table 3-1):

Table 3-1 — Average vulnerability for each typology. Source: Ferreira (2012)

Typology Vui
Masonry (<1945) 0,70

RC (1946-1960) 0,60

RC (1961-1985) 0,50

RC (>1985 and < 5 floors) 0,40
RC (>1985 and > 5 floors) 0,44
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Then, the modifying factors (FM) are added based on the following criteria listed on Table 3-2:

Table 3-2 — Modifying Factors. Source: Ferreira (2012)

Masonry RC | Regulation
Modifying Factors (FM) Low High Median
(<1960) (>1985) (1960-85)

Low: (M. 1-2) | (RC 1-3) -0,04 -0,02 -0,02 -0,02

No. Floors Median: (M. 3-5) | (RC 4-7) 0 0 0 0
High: (M. 26) | (RC = 8) 0,04 0,08 0,06 0,04

Cover RC 0,04 0 0 0
A,B,D 0,08 0,08 0,08 0,08
At least 2 structural 0,06 0.06 0.06 0.06

Existing damages At Ie;satr?as%fusctural

damage 0,04 0,04 0,04 0,04

water infiltration 0,04 0 0 0
Building plan L, T,U 0,02 0,02 0,02 0,02
Atrium/courtyard 0,02 0,02 0,02 0,02
Resistant Walls (elevator Centered 0 0,04 -0,04 -0,04
shaft) Not Centered 0 0,02 0,02 0,02
Mass eccentricity 0,04 0,04 0,04 0,04

Non-uniform height 0,02 0 0 0
Openings Large openings 0,02 0,02 0,02 0,02
Hollow floors 0,04 0,04 0,04 0,04

Short columns 0 0,02 0,01 0

Condition Good -0,04 0 0 0

Bad 0,04 0,04 0,02 0

The final vulnerability attributed to the building is given by (EQ 5):
Vfinal = Vi + FM [EQ 5]

The higher the level of Vsnal (closer to 1), the less resistance a building has to seismic activity.
Thus, the vulnerability value can be translated to a level of expected damage. However, there are
some issues with this approach given that many epochs have an overlap of building typologies,
which means that for each year, there are several building typologies that could have been
attributed to the building if no additional information on its building materials is available.
Additionally, the database only provides the condition of the building as a modifying factor, and
this scale of “good” and “bad” is not objectively defined. Nevertheless, the Lisbon municipality
confirmed that the attribution of this classification was made by the same team across the entire
dataset. This implies that the existing biases are consistent throughout the database. No
additional information on the building configuration or seismic design has been provided. In the
first approach, the number of floors will be used as a modifying factor which was possible by
joining multiple data sources, namely the building survey and the topographic survey. The quality

of construction and materials used are also determining factors in a structure’s resistant capacity
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(Modica et al., 2021). Unfortunately, it was not possible to assess these features in an automated

way, given the information available. The entire process will be described in section 3.7.

Given the limitations of this approach, second approach was followed using a probability density
function for attributing the building typology and vulnerability, considering not only the building’s
year but also its location at a geographical statistical unit, as per census tracks. The entire process
will be described in section 3.7.4.

Although it is recognized the limitations of the methods to attribute vulnerability to each building
based on its estimated building typology and location, given the impracticality of doing a tailor-
made building-by-building survey to collect additional features, two different approaches were
used to assess the influence on the results. Therefore, using various methods, implementing and
programming scripts, several data sources were joined in order to have a more refined and

expeditious way of classifying each property’s vulnerability to earthquake activity.
3.3. Ground Motion Considerations

According to McGinnis (2004) “earthquake risk can be broken down into three aspects: distance
from the fault, probability of quake on nearby faults, and susceptibility of soil to ground motion
produced from a quake”. This work’s analysis is based on a citywide scale, thus it is reasonable
to assume that soil susceptibility to ground motion will play a crucial part in explaining the
differences in vulnerability across buildings, neighbourhoods and even parishes (which are the
focus of this work). Even over hundreds of metres, local soil conditions can significantly influence
ground shaking values. There are two main approaches to measuring ground motion intensity
used in vulnerability and fragility assessment (Rossetto et al., 2014): 1) those based on
macroseismic intensity scales (e.g. Modified Mercalli Intensity) and 2) those based on
instrumental quantities, such as Peak Ground Acceleration (PGA)'"5. PGA measures the peak
acceleration reached during an earthquake and is affected by two main determinants: distance
from the fault and soil composition. The greater the PGA, the greater the damage. The approach
followed by Ferreira (2012) and Sousa et al. (2012), on which this work's assessment of
vulnerability is based, uses PGA as a way to estimate the intensity of ground motion''® and the
building’s required vulnerability to avoid structural collapse according to the European
Macroseismic Scale (EMS-98). To obtain the PGA value, a soil type was attributed according to
the location of each building. It is noteworthy that each property is georeferenced, thus it was
possible to join the spatial distribution of the dataset with the Lisbon City Soil Classification Map

developed by Oliveira et al. (2019). The process will be described in sections 3.7.2 and 3.7.3.

15 According to Rossetto et al. (2014), instrumental intensity measures may be less correlated with damage. However,
given the absence of a single macro-seismic intensity scale for all locations worldwide, the use of instrumental
measures (IM) is preferred.

18 Following the work of Mota de S4 et al. (2010)
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3.4. Spatial Considerations

Every real estate property is unique. The heterogeneity of real estate properties comes from their
differences in construction, condition, financing and location (Balchin & Kieve, 1986; Robinson,
1979; Cupal, 2017). Therefore, the market value of a property is intrinsically linked to its location
(e.g. proximity to schools, supermarkets, transport and other amenities), and hence it is expected

that real estate values show signs of spatial dependency (Bin et al., 2008).

9. &

According to Toblers’s (1970) “first law of geography”: “everything is related to everything else,
but near things are more related than distant things”. This is the reason why similar properties in
nearby locations usually show similar market values (Dubin, 1988; Li & Brown, 1980; LeSage &
Pace, 2008), leading to an almost continuous grid of price variance across the city/region. This is
a problem because regression models commonly applied to cross-section or panel data assume
that observations are independent of one another, neglecting the unobserved dependency''”
(Sarafidis & Wansbeek, 2010; Gow et al., 2010). Hence, in order to have a correct evaluation of
real estate values, one should take into account the importance of spatial dependency in the
model’'s results (e.g. spatial autocorrelation of values), especially in cross-section regression
models (Cliff & Ord, 1973; Judge et al., 1985; Wyatt, 1996; Anselin, 1998). In the case that spatial
autocorrelation is present, estimations using Ordinary Least Squares (OLS)""® can lead to biased
results and, even if unbiased, can lead to inconsistent and inefficient coefficients, with strict
limitations to its application and validity of values inferred through the model (LeSage & Pace,
2008; Kunst, 2010). This autocorrelation of values can be detected using a standard Moran-I test,
Local Indicators of Spatial Association (LISA)''®,or through an analysis of residuals. One should
keep in mind that heteroscedasticity can arise from the spatial variance (and autocorrelation) of
values which is not explained by the model (Cuthbertson et al., 1992; Anselin, 1998). Hence, a
spatial dependency analysis of values prior to the regression will be carried out, as well as an
analysis of residuals afterwards, to ensure the validity of results. Spatial econometrics will also
be used by resorting to a fixed-effects regression model. This approach allows to minimize the
effects of spatial autocorrelation in the results.

Some authors have defined “homogeneous™? real estate market areas as a way to overcome
this issue (see, for instance, the housing data from the Osservatorio del Mercato Immobiliare
(OMI) used by Modica et al. (2021)). However, this approach has a high level of subjectivity and
can lead to biases due to the incorrect location of “frontiers” (Gallimore et al., 1996; Gonzalez and
Formoso, 2000). The aggregation of real estate values also raises a second issue, the Modifiable

Areal Unit Problem (MAUP). This occurs when the spatial zoning used to collect/gather

"7 The unobserved dependency of other independent variable(s) is called unobserved heterogeneity and the correlation
between the independent variable(s) and the error term (i.e. the unobserved independent variables) is called
endogeneity and it is a Endogeneity is a major methodological concern for many areas of business and management
research that rely on regression analysis to draw causal inference (Abdallah et al., 2015)

18 Due to the violation of the independence assumption between the error term and the explanatory variables, a basic
assumption behind ordinary least squares (OLS) regression analysis

19 Refers to Local Moran tests (Anselin, 1995)

120 With similar properties, demographics and locations;
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geographic data is “modifiable” or arbitrary. Thus, the results from this analysis may reflect
differences in the partitioning of the data rather than differences in actual behaviour, given that
economic phenomena rarely comply with administrative or arbitrary boundaries. In order to
minimize its effects, Openshaw and Taylor (1979; 1981) (as cited by Viegas et al. (2009)),

recommend that analysts follow three steps:

1. Start from the smallest division available, or the smallest they can process.
2. Aggregate these divisions in a fashion relevant to their investigation.

3. Assess the repetitiveness of their results for several aggregations.

Thus, to minimize the possible effects of MAUP, the analysis will be developed on three different

levels:

1. Raw data with no aggregation and no information on location.
2. Aggregation of data using the old parishes of Lisbon (prior to 2013).

3. Aggregation of data using the current parishes of Lisbon.

The author started by running a PooledOLS regression model, which pools sample data across
the years and then uses OLS to estimate the regression coefficients. This pooling of data is not
as innocuous as it seems at first sight. Indeed, it is based on the assumptions that (1) there are
no omitted variables and (2) there is no dynamic and simultaneous endogeneity. Both
assumptions seem highly unrealistic because: (1) it is reasonable to assume that not all
explanatory variables are included in the model, given that the real estate property is considered
to be a complex, composed, and heterogeneous good depending on various features (both
endogenous and exogenous) and (2) it is reasonable to assume the existence of spatially-
correlated real estate values, leading to the spillover effects often observed in the market
(Januario et al., 2021).

An Hausman test was carried out to see whether Fixed-Effects (FE) or Random-Effects (RE) were
more appropriate and concluded a FE-model (with entity fixed effects) should be chosen. This
fixed-effects or within-group estimation is used to minimize the effects of spatial dependency.
However, the coefficients can still show an upward bias, as the number of periods T under
analysis is small (10 points per parish, one per year) (Abdallah et al., 2015). The model looks as
follows (EQ 6):

Vie =B Xie +u; + ;¢ [EQ 6]
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where yi is the dependent variable (normalized property price), 8 is a vector of regression
coefficients, X; , is a matrix containing the yearly values for each variable for each location, u; is

an entity-fixed dummy variable and ¢;, is the error term.

In the second phase, a Multiple Linear Regression model of all data was chosen, using
Generalized Least Squares (GLS'?") to determine the regression coefficients, to minimize any

heteroscedasticity in the residuals (EQ 7).
Vi=a+ Bos Xi +& [EQ7]

where yi is the dependent variable (normalized property price), « is a constant, g is a nx1 vector
of GLS-estimated regression coefficients where n is the number of variables used, X isanxm
matrix of explanatory variables (with m being the total number of observations) and ¢; is the error

term.

However, a deep analysis of residuals is required, given that, in the case of dependence, that
might be an indicative sign of endogeneity, and in that case, GLS did not improved the validity of
the results (relatively to OLS). This is because GLS focuses on the efficiency issue resulting from
OLS’s failure of classic assumptions, but if OLS is biased, the results obtained by GLS will likely
present the same validity failures. In that case, a Generalized Method of Moments (GMM'?2)
regressor will be a more suitable solution to deal with endogeneity in the model (Rathnayake,
2019).

3.5. Economic Considerations

It is well documented in the literature the effect of macroeconomic factors in real estate markets
(Reichert, 1990; Cho & Ma, 2006; Tse et al., 2014; Agnew & Lyons, 2017). Employment rates,
income levels, productivity levels, tax rates (including municipal property taxes), and interest rates
(such as Euribor) all impact the decision-making process of buyers and sellers of real estate
property and, therefore, on housing pricing. By normalizing real estate prices on a yearly basis,
one should be able to control for the effects of macro variables that affect all properties in a region
taken into account.

Nonetheless, it is important to acknowledge some limitations to this procedure. Employment rates
and income levels should not be uniform across the city, thus, its effects may not be completely

controlled for after the normalization. One could expect that neighbourhoods with higher income-

121 According to Taboga (2021) “The generalized least squares (GLS) estimator of the coefficients of a linear regression
is a generalization of the ordinary least squares (OLS) estimator. It is used to deal with situations in which the OLS
estimator is not BLUE (best linear unbiased estimator) because one of the main assumptions of the Gauss-Markov
theorem, namely that of homoskedasticity and absence of serial correlation, is violated. In such situations, provided that
the other assumptions of the Gauss-Markov theorem are satisfied, the GLS estimator is BLUE.”. GLS allows for
heteroskedasticity (the errors can have different variances) and correlations (the covariances between errors can be
different from zero”.

22 One should note that OLS is a specific case of GMM, which is a class of estimators, where the number of moment
restrictions equals the number of unknown parameters (Dunn, 2014)
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level households should not be as affected pricewise by changing economic conditions as their
less wealthy counterparts. However, the lack of detailed information at neighbourhood level
makes it nearly impossible to control for these variances. Additionally, one could expect that tax
and interest rates will have different levels of impact across the different levels of housing.
However, the impact of these factors on affordable housing should not be the same as on luxury
housing, as different market segments attract different kinds of investor profiles with different
financial capacities. One could even argue that the differences in financial literacy across profiles
may also impact the decision-making process and, thus, how changes are perceived and acted
upon. Hence, the inclusion of factors into the experimental design should always consider the

availability of data and the author's hypothesis associated, while recognizing its limitations.

In this work, the author will follow this strategy, including, whenever possible, some
macroeconomic factors that one may consider not adequately controlled by the yearly

normalization of property prices.

3.6. Data

The data used in this thesis contains information regarding 8.726 properties in the city sold
between 2008 and 2018. The dataset presents 61 variables, such as the normalized sales values,
physical characteristics of the property (e.g. number of rooms, year of construction), and

distances from points of interest such as schools and public transportation, among other

information. Table 3-3 presents a brief description of some of the most important ones:

Table 3-3- Brief description of variables

Variable Description Type Unit Factors
DATE Date of sale Numerical date -
QUARTER Quarter of sale Numerical quarter T
SEMESTER Semester of sale Numerical semester T
YEAR year of sale Numerical year o
LOCATION Address Categorical Grousf‘;’a't\i";lﬁon’
PARISH parish Categorical - Spatial
PARISH_Cod parish code Numerical Spatial
ZONE city zone Categorical - Spatial
ZONE_Code city zone code Numerical - Spatial
CONSTRUCTI Construction year Numerical year Building Stock
BUILDING_F Number of floors (building) Numerical floors Building Stock
TYPOLOGY Number of Rooms (Portuguese Typology) Categorical - Building Stock
TYPOLOGY_C Number of Rooms Numerical rooms Building Stock
FLOOR Apartment floor number Numerical - Building Stock
AREA dwelling area Numerical m2 Building Stock
BUILDING_C building condition (good, average, bad) Categorical - Building Stock
BUILDING_2 building condition (3,2,1) Numerical Building Stock
APARTMENT_ dwelling condition (good, average, bad) Categorical - Building Stock

73



Variable Description Type Unit Factors
APARTMENT1 dwelling condition (3,2,1) Numerical Building Stock
ABANDONED Abandoned (Yes/No) Categorical Building Stock
ABANDONED _ Abandoned (2/1) Numerical Building Stock

BUYER (National / Foreigner and Single/Company) Categorical - Economic
BUYER_Code (0to 5) Numerical — Economic
NORMALIZED Normalized value (year average €/m2) Numerical - Economic
NORMALIZ_1 Normalized value (semestre average €/m2) Numerical - Economic
NORMALIZ_2 Normalized value (month average €/m2) Numerical - Economic
PURCHACE_U Normalized value (2008 average €/m2) Numerical - Economic
PURCHACE_1 | Normalized value (2008 semestre average €/m2) Numerical - Economic
PURCHACE_2 | Normalized value (2008 month average €/m2) Numerical - Economic

X Longitude Numerical degrees Grou;sa?;)ltion,

y Latitude Numerical degrees Grousnsart?:ltion,
POI_Metro Distance to nearest metro station Numerical m Spatial
POI_Mercad Distance to nearest supermarket Numerical m Spatial
POI_Saude Distance to nearest health facility Numerical m Spatial
POI_Parque Distance to nearest green space Numerical m Spatial
POI_Estudo Distance to nearest library Numerical m Spatial
POI_Emerg Distance to hospital emergencies Numerical m Spatial
POI_CBD Distance to Central Business District Numerical m Spatial
POI_Cemit Distance to nearest cemetery Numerical m Spatial
POI_AcRodo Distance to nearest access to highway Numerical m Spatial
POI_Univer Distance to nearest university Numerical m Spatial
POI_Indust Distance to nearest industrial area Numerical m Spatial
POI_Rio Distance to Tagus river Numerical m Spatial
POI_Escola Distance to nearest primary school Numerical m Spatial
POI_ESPriv Distance to nearest private high school Numerical m Spatial
ESPubl Distance to nearest public high school Numerical m Spatial

AUGI Does it belong to an Urban Area of llegal Origin Numerical - Building Stock

GEBALIS Does it belong to social housing Numerical - Building Stock

RUIDO Level of noise (0 to 5) Numerical Building Stock
VULInund Vulnerability to flooding (0 to 3) Numerical Spatial

VULSismo Ground motion vulnerability (0 to 4) Numerical - Grousnsalt\ill:ltion,
VULMass Landlslide vulnerability (0 to 3) Numerical Spatial
Park50M Number of parking spots wiithin 50 m Numerical spots Spatial
Culture500 Number of cultural points of interest within 500 m Numerical points Spatial

It is noteworthy that Luz (2020) has added the last 23 variables mentioned in Table 3-3 during his
work of analyzing the spatial determinants of property prices in Lisbon. This research made use

of those variables.

The development of this thesis also required some information to be added as new variables to

the database, such as the number of floors (corrected number of floors), the soil type, and peak
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ground acceleration at the location, amongst others. The following sections will describe the

methodology used to do so.
3.7. Attributing Vulnerability

Our dataset analysis started with an Exploratory Data Analysis (EDA), presented in detail in the
results chapter. After the initial assessment, a series of seven steps was followed to attribute
vulnerability values for each property in the database. In this section, the author presents the

description of each of these steps.
3.7.1. Estimating Number of Floors

The number of floors of a building has been known as one of the variables of interest when
assessing its vulnerability to seismic risk (Mota de Sa et al., 2010; Simdes et al., 2014). Given
that the database had a high percentage of missing values for the number of floors in each
building, SIG3D model of the city of Lisbon was used, containing the height of the terrain and
buildings, which resulted from the work of IST colleagues Arch. Rita Machete and Prof. Ana Paula
Falcdo. As previously mentioned, the dataset contained the latitude and longitude of every
property in the dataset, hence, both datasets were spatially joined to infer the number of floors.
This technique was implemented using the GeoPandas library available in Python v2.7. It was
also possible to cross-check the height records of buildings in the dataset to ensure consistency

across all data.

In order to estimate the number of floors, an approximate floor-to-floor height of three meters has
been used. In the case of mismatching number, between the existing records and the estimated
height a case-by-case analysis was put in place, in order to verify the approximate number of
floors. This information was then used as input to the modifying factors used in Ferreira (2012)

method.
3.7.2. Estimating Soil Type and Peak Ground Acceleration

The soil type in which a building is located is also a variable of interest when assessing its required
vulnerability. Some authors have even studied the direct relationship between housing prices and
the type of soil where they are located (see for reference Onder et al. (2004)). Hence, a similar
technique to the one used in estimating the number of floors was used, but to spatially join the
Lisbon City Soil Classification Map, which resulted from the work of Oliveira et al. (2019), with the
property database. This soil classification map was created from a varied set of information,
including NSPT values from 8792 boreholes and the thickness of cover formations (see Figure
3-1).

This allowed the attribution of a soil type to each building according to Eurocode 8 (EC8), which

classifies it into seven categories: A, B, C, D, E, S1 and S2. Given that the work of Oliveira et al.
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(2019) also considers soil intermediate soil types AB and BC, a conservative approach was
followed by attributing the worst-case scenario for each of these intermediate types, which means
that an AB soil type would be defined in the database as B, while a BC would be defined as C
(Figure 3-2).
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Figure 3-2 - Lisbon City Soil Classification Map. Source: (Oliveira et al 2019)
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For each category, a value for peak ground acceleration (PGA) was attributed according to the
class its spectral acceleration (close earthquake'? - type Il), and the class of importance of the
residential buildings (see Portuguese Norm NP EN 1998 -1'?4). This was an important step as
PGA measures the peak acceleration reached during an earthquake. The greater the
acceleration, the greater the structural damage (McGinnis, 2004). Having the PGA for each
location allowed the author to calculate the intensity /o, as explained in Mota de Sa et al. (2010).
The intensity is calculated as (EQ 8):

_logPGA—0,014

0= 3 [EQ 8]

With the intensity, it is possible to estimate the required vulnerability of a given building in order
to avoid structural collapse according to EC8. This required vulnerability (Vreq) can be calculated
as (EQ 9):

v, ~=182576 —0,1784441, [EQ9]

Ureq

The vulnerability will be used as the denominator in the Building Resistance Deficit ratio (BRD),
as explained in section 4.7.5. The large number of boreholes has provided an extensive
description of soil types across the city of Lisbon. However, we should note that boreholes are
discrete sample points, and given we have fewer boreholes in the northern and western regions
of Lisbon, we may assume there might be some uncertainty in the attribution of soil classification,
as a continuous distribution of soil is being estimated from a collection of discrete points.
Nevertheless, the author has assumed that most attribution should be correct and that results

should not be affected by neglecting the uncertainty in the borders between soil types.
3.7.3. Attributing Required Vulnerability Based on Construction Year

The first approach to determining the construction type of a given building followed a simple
correspondence between its construction year and a vulnerability class, as Ferreira (2012)
suggested. Each vulnerability class represents a group of buildings with expected similar
behaviour under seismic action (Mota de Sa et al.,, 2013). This constitutes a simpler but
expeditious approach to the attribution of current vulnerability. It follows a system of five

vulnerability classes (Table 3-4):

23 Translated from “sismo préximo”.
124 Available at: http://www2.dec.fct.unl.pt/seccoes/S_Estruturas/Dinamica/mine/EC8_1_Portugues.pdf
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Table 3-4 - Average vulnerability for each typology. Source: Ferreira (2012)

Typology Vui
Masonry (<1945) 0,70

RC (1946-1960) 0,60

RC (1961-1985) 0,50

RC (>1985 and < 5 floors) 0,40
RC (>1985 and > 5 floors) 0,44

Using this approach, the construction typology was estimated and a value for the current
vulnerability attributed based only on the available information (construction year and estimated
number of floors). This approach was chosen, rather than the one considering only the
construction year (see, for instance, Table A.0-8 in Annex 1), as it provided an extra class and

thus more detail to the classification system.

This is an adaptation from the 1998 European Macroseismic Scale (EMS98) (Griinthal, 1998),
which provides a correspondence between the type of structure and its vulnerability (rated A to
F)'?5 (Figure 3-3). Herein, vulnerability is understood as the capacity of the residential units to
suffer a given level of damage according to the intensity of the shock and defines building damage

on a scale of 1 to 5 (Figure 3-4) %6,

ulnerability Class

Type of Structure Vv
A B CDEF

rubble stone, fieldstone O
adobe (earth brick) O—I
> .
2z  simple stone
Z  simple stone bO
2  massive stone O
<
= unreinforced, with
manufactured stone units } O {
unreinforced, with RC floors }—-OI
reinforced or confined |O—|
g frame without
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«LJ - > wi H Ve S
z frame with high level of ERD f—O
S
3 walls without ERD lo—{
i~
5 walls with moderate level of ERD |O——|
z
g walls with high level of ERD |O—|
E steel structures } ..... _O_l
w
(=]
8 timber structures } """ —‘O—|
=
Omosl likely vulnerability class; — probable range;

----- range of less probable, exceptional cases

Figure 3-3 - Vulnerability classes of buildings according to the EMS-98;

25 Some authors have even used the A to F scale of vulnerability as an input for models assessing the effect of
earthquake risk in the housing market. See for reference (Modica et al 2021)
28 This scale was used as part of the bibliography to define vulnerability values on Table A.0-5.
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As previously described, to the obtained average vulnerabilities based on construction year,
modifying factors (which increase or decrease vulnerability) based on building characteristics
were added (see Table 3-2).

Classification of d to masonry buildi Classification of damage to buildings of reinforced concrete

Grade 1: Negligible to slight damage Grade 1: Negligible to slight damage

(no structural damage,
slight non-structural damage)
Hair-line cracks in very few walls.

(no structural damage,

slight non-structural damage)

Fine cracks in plaster over frame members
or in walls at the base.

Fall of small picces of plaster only. Fine cracks in partitions and infills.

Fall of loose stones from upper parts of Grade 2: Moderate damage
buildings in very few cases. (slight structural damage,

moderate non-structural damage)

Grade 2: Moderate damage

(slight structural damage, moderate Cracks in columns and beams of frames
s

and in structural walls.

non-structural damage) Cracks in partition and infill walls; fall of
Cracks in many walls. brittlc cladding and plaster. Falling mortar
Fall of fairly large pieces of plaster. from the joints of wall panels.

Partial collapse of chimneys.

Grade 3: Substantial to heavy damage
Grade 3: Sub ial to heavy d 2 (moderate structural damage,
heavy non-structural damage)

(moderate structural damage,

heavy non-structural damage)

Large and extensive cracks in most walls.
Roof tiles detach. Chimneys fracture at the

Cracks in columns and beam column joints
of frames at the base and at joints of
coupled walls. Spalling of conrete cover,

buckling of reinforced rods.
roof line; failure of individual non-struc- Large cracks in partition and infill walls,
tural elements (partitions, gable walls). failure of individual infill panels.

Grade 4: Very heavy damage
(heavy structural damage,
very heavy non-structural damage)

Grade 4: Very heavy damage
(heavy structural damage,
very heavy non-structural damage)
Serious failure of walls; partial structural
failure of roofs and floors.

Large cracks in structural clements with
compression failure of concrete and
fracture of rebars; bond failure of beam

reinforced bars; tilting of columns.

Collapse of a few columns or of a single
Grade 5: Destruction upper floor.

(very heavy structural damage)
Total or near total collapse.

Grade 5: Destruction

(very heavy structural damage)
Collapse of ground floor or parts (e. g.
wings) of buildings.

(b)

Figure 3-4 - Damage level for masonry (a) and reinforced concrete (b) buildings (EMS-98). Source: Copernicus.eu

3.7.4. Attributing Required Vulnerability Based on Construction Year and Location

In order to have a more refined description of the current vulnerability (Vuactual), the estimates were
based not only on its construction year but also on a building’s location. Hence, the author started

by defining a set of vulnerability classes with similar seismic behaviour.

The first step was gathering information from existing literature on how to constitute these classes.
The LNEC (National Laboratory for Civil Engineering)'?’, divides building typologies in the

Portuguese territory in 7 distinct classes:

1. Masonry building built before 1755.

2. Post-earthquake masonry buildings (e.g. pombalino buildings), built between 1755
and 1880.
Gaioleiro masonry buildings, built between 1880 and 1930.
Masonry and RC buildings (mixed-structure) built between 1930 and 1940.

127 Available at: http://www-ext.Inec.pt/L NEC/DE/NESDE/divulgacao/evol_tipol.html
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5. Masonry and RC buildings (mixed-structure) built between 1940 and 1960.
6. Modern RC buildings built after 1960.

According to Lopes (2008), Lisbon’s housing stock can be classified into seven groups, as
previously described in detail in chapter 3.5:

Old mansory buildings (prior to 1755 earthquake).
“Pombalino” buildings (built during the 1755 reconstruction).
“Gaioleiro” buildings (built during the last third of the XIX century, corresponding to
a phase of large city expansion).
4. “Placa” buildings or “transition buildings” (wood and reinforced concrete mixed
design).
First period of reinforced concrete buildings (before 1961).
Second period of reinforced concrete buildings (before 1985).

Modern reinforced and prestressed concrete buildings.

Carvalho et al. (2002), used the Building Questionnaire of Census 2001 to evaluate the
vulnerability of residential buildings in Portugal, and divided them into seven primary classes
(Table 3-5):

Table 3-5 - Classes of vulnerability variables (Building survey 2001). Source: Carvalho et al (2002)

Typological Class Description Seismic Design Level
Masonry before 1919 Unreinforced stone and brick masonry None Mlnlmu?uittirﬁtr;/ght and
Masonry 1919-1960 Unreinforced stone and brick masonry Low Low Ztsigﬁt?/t and
Masonry 1960-1985 Unreinforced stone and brick masonry Low Low to r_‘nedlum ylg!d
strenght; Low ductility
Low to medium strenght;
Masonry 1960-2001 Masonry with reinforced concrete confining Low greater .ove.r-st.renght
elements after yielding; Low
ductility
Low to medium strenght;
RC before 1960 Reinforced concrete framed structure Low over-strenght; Low
ductility
RC 1961-1985 Reinforced concrete framed structure Medium MEdlurgjé;ﬁ?fht and
Medium strenght and
RC 1986-2001 Reinforced concrete framed structure Medium ductility, higher to
previous class

Each class was then divided into seven subclasses according to the number of floors (1,2,3,4,5
to 7, 8 to 15, +15), leading to a total of 49 classes. The same classification was followed by Sousa
et al. (2004).

In this thesis, the Census 2011 Building Questionnaire was used, which classifies each building
in the city of Lisbon according to its construction year (a total of 10 classes), its type of structure
(a total of 6 classes) and some other characteristics such as the type of roofing and cladding.

Using the construction year and the type of structure (based on its main resistant elements), a
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total of 60 different initial categories were found, the total number of possible pairs, each resulting
from a combination of the two variables. However, given the similarities between some classes,
the information from the literature was used to join the initial groups into 24 different classes.
Then, a construction typology (according to EMS-98) was assigned, along with a value for the
current vulnerability of each class. Finally, the modifying factors (described in Table 3-2) were
added based on the number of floors and condition. Figure 3-5 synthesizes the reasoning followed
for this process.

The base values of vulnerability have been based primarily on the works of Lagomarsino and
Giovinazzi (2006), Oliveira et al. (2004) and Ferreira (2012). The full table of correspondence and
groupings can be found in Annex A (Table A.0-5).
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Figure 3-5 - Classes used to model vulnerability.
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3.7.5. Attributing Building Resistance Deficit (BRD)

In order to assess the importance of vulnerability in the pricing of Lisbon’s properties, the work of Mota
de Sa et al. (2013) was followed to define the Building Resistance Deficit index (BRD)'?. The BRD
indicates, for a given level of seismic action, how far is the current resistance of a given building from
the required resistance or, in this case, required vulnerability to avoid structural collapse according to
EMS-98.

Given the required vulnerability (Vreq) and current vulnerability (Vui) of a building, its BRD is calculated
as follows (EQ 10):

BRD = — [EQ 10]

where AV is the difference between the current and required vulnerabilities. The BRD value was
calculated and added to the database. Despite the practical advantages of using an index value to
describe vulnerability, there are limitations associated with it. For instance, it is known that ground
motion duration is especially important for degrading structures, such as unreinforced masonry
(Bommer et al., 2004; Rossetto et al., 2014), which is not captured by the base value of required
vulnerability. The heterogeneity in the construction of older buildings can also pose limitations to using
a single index. However, one may argue that the modifying factor concerning the condition of a building,
used to calculate its current vulnerability, already accounts for the increased effects of ground motion

on a degrading structure.

3.8. Additional Exploratory Analysis

This chapter will describe some additional analyses carried out to deepen the understanding of the data
and its variability. A Principal Component Analysis (PCA) and a Feature Importance analysis were

conducted to lay down the basis on which the variables should be chosen for the model.
3.8.1. Principles of Principal Component Analysis

PCA is a multivariate technique to extract meaningful information from a dataset by creating a new set
of orthogonal vectors'?® from the original inter-correlated data, synthesizing information, by reducing
variability within each principal component (Abdi & Williams, 2010). Thus, the PCA was used as part of
the exploratory analysis to understand which variables have the most significant contribution to the

variability of data in the sample. One should note that this technique will not allow for a direct selection

128 Translated from Portuguese Défice de Resisténcia das Construgées

29 PCA computes new variables called principal components which are obtained as linear combinations of the original
variables. Components have a decreasing level of importance, meaning, the first principal component is the most important one,
synthesizing the large portion of variability. The second component will be the one synthesizing the second-largest portion and
the same logic applies to the remaining components.
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of variables but to provide a deeper understanding of the data’s variability. The results will be detailed

in section 4.1.2.

3.8.2. Principles of Feature Importance

The second additional analysis conducted as part of the exploratory analysis comes as a subproduct of
implementing an extreme gradient boosting tree algorithm or XGBoost'*°, which is an ensemble method
to combine the outputs of individual decision trees'' (see for reference Friedman (2001)). Unlike
Random Forests, the boosting technique combines decision trees (weak learners with only one split, or
decision stump) in series, with each tree set to minimize the errors of its previous. If we take the amount
that each attribute (or variable) split point improves the performance of a tree, weighted by the number
of observations the node is responsible for, we get a measure of each feature’s importance. This enables
an understanding of which features may be the most important to be used as inputs in a model and, in
this case, which attributes contribute the most to property prices. Section 4.9.3.3 will describe in detall

the methodology behind XGBoost algorithms and the parameters used.

This analysis was conducted for the whole city of Lisbon, along with an in-depth analysis for each of its
parishes, shedding light on the variability of attributes valued by homebuyers. The results will be detailed

in section 4.1.3.

3.9. Revealed Preferences

This chapter will discuss the methodological approach taken to study the revealed preferences of real
estate stakeholders regarding property features and their vulnerability to seismic action. This was done
by analyzing the data from the property sales dataset. Section 3.9.1 will lay down the basic assumptions

made.

3.9.1. General Considerations

Revealed Preferences (RP) methods analyze the decisions made by consumers by looking at their
purchase behaviour. This presents an advantage to stated-preferences methods, based on survey
responses, because the latter could be subject to behavioural biases (Rogers et al., 2019). Hedonic
price models have been one of the most widely used methods to describe housing prices as a function
of housing/structural characteristics such as location, typology and condition. Initially developed by
Court ((Court, 1939) as cited in (Des Rosiers & Thériault, 2006)) as a framework to estimate prices in
the automotive industry, it became a staple for estimating prices in heterogeneous goods. This
framework was later applied to real estate valuations by Rosen (1974), which perfectly fits the definition

of “market value” as the “most probable price” a property should be sold for in a transparent and

130 For further information on the Python implementation of XGBoost, please refer to
https://xgboost.readthedocs.io/en/stable/tutorials/model.html

131 Decision trees (DT) are supervised learning models used in machine learning for regression and classification. The algorithm
of DTs is optimized to split data into leaves and brunches, selecting the attributes that provide the greatest information gain by
reducing the system’s (data) entropy. For reference, see Rokach and Maimon (2005)
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competitive market setting. Hedonic price models have evolved to consider several factors, such as the

influence of spatial relationships between real estate properties.

We should note that location is one of the most critical factors contributing to pricing and that the pricing
of any given property is not independent of the surrounding ones. Sampling biases should also be taken
into account when modelling data. This derives from the fact that the sample collected may not be
representative of an entire population. For instance, if we are modelling the housing prices for the parish
of Avenidas Novas, its buildings' age and overall features should be similar to those taken in the sample.
For example, if we took a sample where most properties were built after 2001, the results would most
likely be biased, given that the average building in this parish is relatively older. Therefore, to properly
understand the possible biases in the results, one should compare the sample with some survey results
containing information on the entire building stock. In the following sections, the methods applied to
reduce any possible biases in the results will be described as well as the regression methods applied in

the hedonic price models.

3.9.2. Sampling Bias

Sampling biases can be introduced when a database contains only a subset of properties non-
representative of the total housing stock. The smaller the sample size relative to the whole population
number, the more likely it is to see its effects. Additionally, the farther the average characteristics of the
properties in the sample are from the actual property stock, the larger the biases introduced in the
results. In order to control for the effects of sampling bias, the author started by comparing the property
sample with the Building Survey from Census 2011. A comparison at three levels will be carried out: 1)
at the city level; 2) at the new-parish level; and 3) at the old-parish level. However, one must recognize
that, given the nature of the data, there will be few options to deal with a possible mismatch between
the sample and the population: 1) take a stratified sampling approach or 2) conduct a higher level of
aggregation. Also, a low number of properties in any given unit of analysis can lead to a biased sample;
however, in this case, a stratified sampling approach is not a viable option, as any piece of information
should be discarded. Nevertheless, it is important to acknowledge any sampling biases and their

possible effects. The results of this comparison are shown in section 4.3.

3.9.3. RP Regression

This chapter will describe the regression techniques and algorithms used to assess the impact of several

property characteristics in its value.

3.9.3.1. Multiple Linear Regression (MLR)

Multiple linear regression (MLR) techniques have long been used to build hedonic price models (Elsinga
and Hoekstra, 2005). Simply put, MLR models allow for the estimation of a target variable dependent

on the values of a set of explanatory or independent variables. The influence of each variable on the
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target is given by its regression coefficients'®?, which can be calculated using a variety of estimation
techniques, such as Ordinary Least Squares (OLS), which minimize the sum of the residuals (Gonzalez
and Formoso 2000). This is one of the most often used, however, to obtain reliable results, a set of

assumptions, called Gauss-Markov assumptions must be followed'3:

1. Linearity in parameters: the parameters of the population model are linear with respect to the

outcome (dependent variable); If so, we can write the model as (EQ 11):

Y=00+ Xy ++ BpX,+ ¢ [EQ 11]

2. Random sampling: the data must have been randomly sampled from the population;

3. No perfect collinearity: the regressors being calculated aren’t perfectly correlated with each

other, and none of the covariates is constant;

4. Exogeneity or Zero Conditional Mean: the error has an expected value of zero given any

values of the independent variables;

5. Homoscedasticity: no matter what the values of the regressors might be, the error of the

variance is constant.

If all the assumptions are met, then we can assume that the parameters estimated from OLS are BLUE
(Best Linear Unbiased Estimators). However, as previously mentioned in the Spatial Considerations
section (section 4.4), real estate valuations are closely linked to location of a property. Therefore, there
usually is a spatial correlation of values, meaning that the error term is closely linked to the location
variables and thus leading to non-constant error variance. As Des Rosiers and Thériault (2006), state
that the “hedonic approach raises major methodological issues in relation to the presence of structural
heteroskedasticity and spatial autocorrelation in the model residuals. Both are detrimental to the stability
of regression coefficients, even more so to the accuracy of their standard errors”. We can make an
approximation by: 1) simplifying the model and excluding location variables, but, in that case, the model
will be biased as it does not account for one of the main factors influencing the pricing of a property or
2) collecting data from smaller regional areas considered to be roughly homogeneous; under this
assumption, we may consider that differences in location are neglectable and that most differences in

price will be due to endogenous factors (e.g. the number of rooms, floor area, condition...)'4.

132 Usually, models are built using a random sample from the population, as a technique for statistical inference. In regression
analysis, regression coefficients are estimates of the actual population parameters.

133 See for reference Perraillon (2019)

34 For instance, when analyzing the perception of real estate hazard in the Tokyo Metropolitan Area, using seven-digit postcode
basis as unit of analysis, Nakagawa pointed out that “Although our estimation procedure does not consider spatial correlation
explicitly, given less geographical clustering, standard errors of the ordinary least squares (OLS) estimates may not be seriously
biased” (Nakagawa 2007).
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Given that the author intends to analyze property values across all Lisbon and considering its differences
between parishes, location is an important factor to take into account when building the model. It is
noteworthy that OLS is, in fact, a particular case of the Generalized Least Squares (GLS) technique,
where the variance of errors is assumed to be constant. In situations where only the homoscedasticity
assumption is violated, provided that all other assumptions are satisfied, GLS is BLUE (Taboga, 2021).
Hence, in the first approach, given that the true covariance matrix V is unknown thus preventing the
direct application of GLS, the author has used Feasible Generalized Least Squares (FGLS)'"® to
estimate the regression coefficients.

FGLS has been taken as a first approach to a regression model, using a MLR technique, however, as
previously mentioned, we acknowledge the limitations of a simple MLR to model real estate values, and

the use of FGLS is not a perfect solution. It should be noted that:

1. FGLS is actually biased (especially for small samples)'3.

2. FGLS is consistent (asymptotically unbiased); So, fears go away with larger sample sizes.

3. As n tends to infinity, the variance from FGLS is less than from OLS;

Despite the considerably large sample size, it is not possible to guarantee that estimators presented in
this regression are BLUE (as it would have been the case for true GLS estimations). Therefore, more
sophisticated models are also used, such as a Fixed-Effects model'®”, which allows estimation in the
presence of autocorrelation within panels (entities or parishes in this case), cross-sectional correlation
and heteroskedasticity across panels'®, and has already been used to model (see for reference
Nakagawa (2007), Modica and Locati (2016) and Modica et al (2021)). This is a more appropriate setting
for the use of panel data’™. To use this approach, the properties were grouped according to the
administrative boundaries: first using the old parishes (pre-2013) and then using the new, larger

parishes. The final fixed-effects model was as follows (EQ 12):
log (pir) = a + 6X; + BBRD; + p; + ¢ + &1 [EQ 12]

Where log (p;;) is the mean housing sale price, for parish i at time t; X, is a set of relevant explanatory
variables (including number of rooms, floor area, construction year, distance to the nearest station/bus
stop, construction type of dwelling,...) BRD is the Building Resistance Deficit (BRD); Parish fixed effects
(u;) control for all time-invariant characteristics of each parish and time-fixed effects (¢,) control for city-

wide shocks in each period; ¢;, is the error term for parish i at time t.

138 FGLS is the practical application of GLS when the covariance matrix V is actually unknown, being replaced with an estimate,
such that B, = (XTP-1X)"1XTP -1y (Taboga, 2021).

136 See for reference Miller and Startz (2018)

137 Fixe-Effects models have also been found to be useful when assessing the perception of risk and its impacts on the real
estate data. See for reference (Modica et al., 2021)

138 See for reference https://www.stata.com/manuals13/xtxtgls.pdf

3% Time-stamped data across multiple identifiable locations (entities).
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The selection of variables to be used in the model was carried out as a combination of 4 different

techniques:

1. PCA to identify the variables which most contributed to data variance (as explained in section 4.8.1)
2. Feature selection derived from XGBoost (as explained in section 4.8.2);

3. Best subset selection and

4. Stepwise regression (both forward stepwise and backward stepwise).

The first two techniques have already been described as part of the additional analysis (section 4.8) and
were also featured as part of the EDA.

The Best Subset Selection technique consists of an algorithm that divides the dataset into subsets of
variables, runs multiple regression models, and assesses their fitness according to the desired
evaluation metric. Then, it selects the models with the best metric values, showing which variables may
be the most suited to use as input variables. The problem with this technique is that it requires much
computational power, especially in-memory processing (RAM), as it needs to store the results of every
model it runs to compare and provide the best results. For example, using this dataset, a selection of 1
explanatory variable would lead to a total of 34 models being built and compared'°. However, by adding
a second variable, the number of models run was increased to 561 models. As a result, a subset of up
to 3 variables was run, resulting in a total of 5984 models. The adjusted R? was the evaluation metric

chosen. Section 4.1.4 will show this technique's results.

Lastly, both forward and backward stepwise regression models''" were used. The forward stepwise
regression starts with a model with no variables (e.g null model), and then starts adding significant
variables one after another until a pre-specified criterion (stopping rule) is met or when all available
variables are included in the model. In this case, variables providing the highest drop in the model RSS
(Residuals Sum of Squares) compared to the other explanatory variables’ options were added. The
backward stepwise regression is similar to the former. However, it starts with a full model (model with
all the available explanatory variables or predictors) and then removes the least significant variables in
the model, one after another, until a pre-specified criterion is met. In this case, the author has used the
same criteria (RSS), eliminating the variable causing the lowest increase in RSS. According to the
literature, backward stepwise regression is preferable and should be applied when possible'? (Mantel,
1970). The results will be detailed later in this work (section 4.1.5).

3.9.3.2. Multivariate Adaptive Regression Splines (MARS)

Multivariate Adaptive Regression Spline (MARS) is a nonparametric regression technique used to study
nonlinear relationships between a target variable and a set of predictors (Kartal & Bozdogan 2015).

Linear models present known limitations due to their assumptions of linearity, which can affect their

140 For more information see https://www.statology.org/best-subset-selection/

41 Forward and Backward Stepwise have been used in the literature to build hedonic models. See for reference (Elsinga and
Hoekstra 2005)

142 \Whenever the number of variables is less than the number of observations.
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predictive accuracy. Therefore, the implementation of MARS regression is a middle-ground between the
easiness of interpreting the results of linear regression models (often with lower accuracy) and the
“pblack-box”, but typically more accurate results from artificial neural networks (ANN). The MARS
algorithm was first proposed by Friedman (1991), and it captures nonlinear relationships without the
need to explicitly include polynomial terms, as in a polynomial regression model. It captures these
nonlinear relationships by assessing cutpoints (knots) in the data. For instance, Figure 3-6 shows an

example function such that (EQ 13):

Y =f(X) [EQ 13]

The algorithm starts by identifying the first knot, with two regression lines on each side, intending to
minimize RSS. This is defined by a hinge function, which divides the dataset into two parts subject to
two different regression lines, in the form of h(x — a) where a is the cutpoint. This procedure is followed

to determine the second and following cutpoints, always to minimize RSS.

(A) One knot (B) Two knots

Figure 3-6 - MARS regression procedure. Source: Bradleyboehmke

This procedure can be followed to achieve as many cutpoints as deemed necessary'2. However, it may
produce a highly nonlinear prediction equation, with the risk of overfitting and lowering its accuracy in

predicting unseen data. Once the complete set of knots is found, knots may be removed in order to

43 Only limited by the number of data points
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generalize the function and avoid overfitting, in a process known as “pruning” (see, for reference,
Deichmann et al. (2002)).

This procedure was applied to the dataset, using the full range of explanatory variables. The results can

be found in section 4.2.4.
3.9.3.3. Extreme Gradient Boosting (XGBoost)

Lastly, XGBoost was used to predict property values based on a set of explanatory variables. This
section will further explain the methodology behind this machine learning technique and describe the

parameters used in the regression.

XGBoost is an ensemble learning technique used in supervised learning to predict the values of a target
variable y; from a set of predictors x; . In essence, XGBoost consists of a set of decision trees'#,
ensembled to enhance its predictive power. The model is trained by defining an objective function,

containing a loss function L(6) and a regularization term (EQ 14):

0bj(0) = L(6) + Q(8) [EQ 14]

The training loss function measures how far the predictions are from the training set's actual values. In
this model, the Root Mean Squared Error (RMSE) was used, which is given by equation 15:

Z{L(y\l - yi)2 [EQ 15]

n

RMSE =

where J; is the predicted value, y; is the actual value in the training set and n is the total number of
observations. This loss function was chosen as it is one of the most commonly used in machine
learning™®. The regularization term is used to modify the learning algorithm to favour “simpler” prediction
rules and avoid overfitting, which may comprise prediction accuracy with new data. It is important to
note that no regularization has been used when running the models to determine feature importance.
This is due to the fact that the main goal was to find the most important predictors for the dataset and
not to maximize accuracy in predictions using new data (outside the training set). However, in this phase,
a L2 regularization term'4® was used, which penalizes weights (w) in the model that are large. It can be
defined as (EQ 16):

k
d(w,0) = Z(Wi)z = |wll [EQ 16]

144 This happens because usually a single decision tree is not strong enough to be used in practice. It is also noteworthy that
decision trees are optimize for leaf values and not for individual explanatory variables. For more information on decision trees
please refer to Rokach and Maimon (2005)

145 See for reference https:/xgboost.readthedocs.io/en/stable/tutorials/model.html

146 See for reference Paul (2018)
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where the norm of w is the vectors length. By minimizing the length of the vector, we are penalizing
larger weights in the model and avoiding overfitting. This penalization is usually fine-tuned in the loss
function by using a hyperparameter A, which adjusts the tradeoff between having a low training loss and
having low weights, taking the form L(w) + A||w||? . Note that the square is only used as a mathematical

artefact to eliminate the root making it easier to work with.

The XGBoost model results from the additive training of a set of trees. Therefore, one can take any
added tree as a step in the prediction. The prediction of any given tree as f;(x;) , and the predicted value
at each step can be defined as (EQ 17):

5(0) _
Vi

5V = [GD =97+ filx)
92 = i) + f,x) = 97+ f(x)

9 = ka(xl) = 9 + fix) [EQ 17]

with t being the total number of trees in the model. Note that, at each step, it is added the tree that
optimizes the objective function. In this model, an ensemble of 100 trees was used, with a boosting
learning rate'#” of 0.08, and a training sample of 75% of the total data set (75/25 split between training

and test set). The final results will be presented in section 5.2.5.
3.10. Stated Preferences

Stated Preferences (SP) methods, also called Contingent Valuation (CV) methods, rely on survey-based
data to establish valuations (Kroes & Sheldon, 1988; Mitchel & Carson, 1989; Carson et al., 1996;
Carson, 2000; Venkatachalam, 2004; Rahmatian, 2005; Carson & Louviere, 2011). They consist of
various techniques to perform valuations based on individual respondents’ statements, often to
hypothetical scenarios presented, to model the expected utility of amenities. They are also well-suited
to perform statistical modelling of subjective concepts such as safety or perception of risk and its impact
on valuation (see, for reference, Asgary and Willis (1997)). This section will be describing the
methodology used to assess the knowledge and preferences stated by Lisbon’s real estate
stakeholders, allowing for a different perspective on the impact of real estate risk (and perception) in the
market, a subjective risk perception (Naoi et al., 2009). The presentation will start by laying down some
general considerations on these methods.

47 The learning rate refers to how fast the model learns. Each tree added modifies the overall model. The impact (or magnitude)
of this modification is given by the learning rate. A lower learning rate means the model is learning more slowly; however, it will
make it more robust and efficient, with a better expected performance. However, if the model is learning slower, it will take more
time to learn and will need a higher number of trees in order to achieve the best results. It is noteworthy that a high number of
trees may also increase the risk of overfitting.
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3.10.1. General Considerations

The high flexibility of SP methods allows for an in-depth analysis of real estate stakeholders' decision-
making process and risk perception. They allow conducting monetary estimates based on an asset's
market and non-market characteristics (e.g. flood risk) and having a first-hand insight into the rationale
of people’s decisions. It is noteworthy that stated preferences are usually used to determine willingness-
to-pay (WTP) for a particular feature or commodity (Rogers et al. 2019). Despite the advantages, Stated
Preferences methods are prone to errors primarily from response biases. This can arise from unclear
questions, wrong wording choices, types of questions (open vs closed), the delivery method (in-person
or telephone interviews, e-mail, online survey) or even respondents’ personal experiences and
demographics. These methods are also subjected to sampling biases, as previously explained in section
3.9.2. Nevertheless, despite the bias-induced weaknesses of the method, CV methods have been widely
used in the scientific community. As a reference, the Environmental Valuation Reference Inventory
(EVRI)'*8, an extensive online database currently being assembled for policy-making purposes by
Environment Canada, with documents produced by the European Union, the U.S. EPA, the World Bank,
the environmental agencies of Chile and Mexico, and the Economy and Environment Program for

Southeast Asia, as of November 2021, had 2535 studies containing CV methods.

Some authors have even used these methods to analyze the evolution of the perception of seismic risk
across a timeframe (see, for reference, McGinnis (2004)). However, given the lack of historical data, it
was not possible to replicate this analysis for the city of Lisbon. Thus, the implementation of time-fixed
effects models, or even autoregressive models (e.g. Vector Autoregressive (VAR) and Autoregressive
Conditional Heteroskedasticity (ARCH) models) is unviable.

Thus, the focus is on the spatially and demographic distribution of risk perception through an EDA of
the results, by building new regression models as explained in section 3.10.3, and by incorporating it

into joint regression models in section 3.11.
3.10.2. Surveys

The surveys will be designed to capture various features that will allow one to have a deep
understanding of the perception of risk by real estate stakeholders. Given that, to the author’s best
knowledge, it will be one of the first of its kind to be conducted in the city of Lisbon, the author will try to

capture a full range of features, which will be divided into four groups:

1. Demographics.

2. Housing.

3. Perception and action towards risk.
4

Willingness to pay for mitigating measures;

148 For reference, see http://www.evri.ec.gc.calevri/
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The first group, Demographics, will contain questions regarding the number of household members,
marital status, number of children in the household, income level, head of household’s age, gender and

education level. This will assess the differences in perception across demographics.

The second group, Housing, will focus on housing-specific characteristics such as the ownership status
(owned, private rental or public rental), construction type (masonry, reinforced concrete or unknown),
age of construction, perceived structural resistance of their dwellings, total surface area, number of
rooms'®, This is critical information to have since it has been shown in previous studies that
homeowners and renters have different subjective perspectives towards risk. Also, the anti-seismic
quality of a dwelling largely depends on its construction type (see, for reference, Naoi et al. (2009)). The
location of their home (neighbourhood and parish) will also be addressed in this section. This information
will allow the author to assess the differences in taking risk-mitigating measures across the type of

tenure and respondents' perception of structural features.

The third group will address the perception and attitude towards risk. The seismic risk perception will be
ranked amongst other types of risks to their properties. Several statements will be presented to the
respondents to assess their knowledge of risk-mitigating measures. The survey also attempts to capture
the respondents' trust in their local authorities, central government, insurance companies and existing
building codes for mitigation and disaster relief. These will be the base layer upon which the models will
be built.

The fourth and last group will focus on the WTP for mitigating measures. The author will assess the
number of respondents with seismic risk coverage in their insurance policies, their willingness to pay for
structural retrofitting of their properties and their preferred payment method (e.g. through municipal

taxes, monthly/yearly/one-time payment'°, direct payment with tax benefits) will be assessed.

Given the complexity of this topic, and the significance of having unbiased, accurate information, the
next sections will address the methodologies used to select the sample (size, and sampling methods),
to ensure an accurate representation of the population and avoid sampling bias and to minimize
response bias. Finally, the methodology used to structure the survey will be covered and its final version

presented.

The survey totals 40 questions, 39 of which are multiple choices/close-ended questions and only one is

open-ended. It can be found in Annex B and was designed to take up to 10 minutes to complete'®'.

149 The total surface area and number of rooms will allow the author to determine the WTP for square metre/number of rooms.
This is important information especially for implementing policy measures. See, for reference, Manganelli, Vona and De Paola
(2018)

50 As a premium in the property value or has part of the Property Transfer Tax (IMT)

51 Following the research guidelines by Revilla and Ochoa (2017)
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3.10.2.1. Sampling Strategy

This section will describe the sampling strategy's methodology followed. The author started by
comparing some strategies and results obtained in previous studies. Table 3-6 shows some of the

methods, sample sizes, and response rates obtained in previous studies.

Table 3-6 - Summary table with literature examples of stated preferences methods

Sasrillzle s;:gﬂgyg Methods Re;st(:;se Location Total Population
Dooley et al random digit telephone o Orange County, @
(1992) 4000 dialing (RDD) interview 61.40% Califonia, US| 2410556 (1990)
Ha’(‘;‘;{)g; al. 800 | random sample tf’n'f’epn’/‘g\f 51.6% | Alberta, Canada | 2,701,000 (1994)
Asgary and Willis 1300 multl-stagg cluster wrlltten . 64% Tehran, Iran 6,831,000 (1997)@
(1997) sampling questionnaire
Asgary and Willis 600 multl-stagg cluster wrlltten . 599% Rasht, Iran 427,000 (1997)@
(1997) sampling questionnaire
AS%S(%;’; al. 1000 | cluster sampling que"s"{i'(t)t:r?aire 51.20% Tehran, Iran | 7,845,000 (2007)®
written o Los Angeles, ©
Palm (1998) 2600 random sample questionnaire 60% California, US 3,722,500 (1998)
Palm (1998) 2000 | random sample written 75% Yokohama, | 3 347 140 (1995)@
questionnaire Japan
Eamhart (2001) | 464 | tWo-stage cluster written 22,6% Farifield, 3,548 (2001)®
sampling questionnaire Connecticut, US
Tekeli-Yesil et al. two-stage cluster . o 12,585,000
(2010; 2011) 1123 sampling field survey 93.60% Istanbul, Turkey (2010)@

source: (a) macrotrends.net; (b) StatCan; (c) LAO - Government of Califonia; (d) population.city; (e) U.S.

Given the values observed in previous studies, it is possible to conclude that random and two-stage
cluster sampling are the most frequent sample methods. Therefore, initially, it was aimed to pursue a

two-stage cluster sampling technique, as it allowed for a better representation of Lisbon’s population.

A written questionnaire was chosen as the preferred method of distribution. This comes as a result of
the analysis of previous studies and three other main factors: cost, time and bias minimization. Surveys
of large samples require a significant amount of time and specialized staff to conduct, which implies a
high financial cost. Thus, to maximize the number of respondents and minimize time and cost, person-
to-person interviews or field surveys were excluded from the initial options. Telephone interviews would
be a viable option, as they require less effort and are considerably less costly. However, as with the
case of field surveys and person-to-person interviews, they are prone to interviewer bias'®? (see, for
reference, Salazar (1990)). Hence, the data collected using self-completion questionnaires may produce
more reliable results. The survey will be constructed using ArcGIS Survey123 software, allowing
georeferenced survey responses. Georeferenced responses can later be used in any level of
aggregation, using administrative boundaries with parishes or counties or even terrain meshes (e.g.,
500m x 500m grid), giving the flexibility to develop any future works with the data collected.

52 According to Salazar (1990), “ties of the interviewer generally are acknowledged to be key determinants of the outcome of an
interview. Biases introduced by the interviewer can directly affect the validity and reliability of the ultimate findings of the study”.
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According to Manganelli et al. (2018), “statistics suggest that the minimum sample size does not depend
on the size of the population. Therefore, it is logical that the calculation of the sample number does not
take into account the size of the population when it is too large or unknown”. Hence, the sample size
required will be determined by the variance (confidence interval or error margin), which measures the
estimate's accuracy, and the desired width of the confidence interval (confidence level), which measures

the security of the estimate.

The minimum sample size for vast or unknown population (n) is given by (EQ 18):

n= w [EQ 18]

where z is the z-score, p is the expected prevalence (percentage) and ¢ is the confidence interval. The
most commonly used confidence levels are 90%, 95% and 99%. In this work, the 95% confidence
interval is used, which corresponds'? to a z-score of 1.96. For p , the value of 50% was chosen, which
corresponds to the worst scenario possible'**. The author will aim for a margin of error of 5%, leading
to a minimum sample size of 385 responses. The second-best scenario would be to aim for a margin of
error of 10%, as used in Manganelli et al. (2018), which leads to a minimum sample size of 97. This
would be the minimum sample for a survey across the city of Lisbon. A higher number of responses will
lead to a narrower margin of error; however, this number of responses would be enough to achieve
statistical significance in the results. According to the provisional 2021 census results'®, Lisbon has a
total of 545 923 inhabitants, with the distribution presented in Table 3-7.

Table 3-7 - Population distribution across parishes and required sample sizes

Parish No. Inhabitants %Population’ Sample Size?
Ajuda 14313 2.62% 10
Alcantara 13852 2.54% 10
Alvalade 33313 6.10% 23
Areeiro 21167 3.88% 15
Arroios 33307 6.10% 23
Avenidas Novas 23261 4.26% 16
Beato 12185 2.23% 9
Belém 16549 3.03% 12
Benfica 35367 6.48% 25
Campo de Ourique 22146 4.06% 16
Campolide 14794 2.71% 10
Carnide 18029 3.30% 13
Estrela 20308 3.72% 14
Lumiar 46338 8.49% 33
Marvila 35482 6.50% 25
Misericordia 9660 1.77% 7
Olivais 32184 5.90% 23

153 See, for reference, https://www.calculator.net/sample-size-calculator.html
154 Corresponds to a scenario where nothing is known about the population
%5 See https://www.ine.pt/scripts/db_censos_2021.html (last visited August 25™, 2022)
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Parish No. Inhabitants %Population’ Sample Size?

Parque das Nagodes 22382 4.10% 16
Penha de Franca 28485 5.22% 20
Santa Clara 23650 4.33% 17

Santa Maria Maior 10052 1.84%
Santo Anténio 11062 2.03% 8
Sao Domingos de Benfica 34081 6.24% 24
Séao Vicente 13956 2.56% 10

1 — Percentage of Lisbon’s total population; 2 — Sample size as percentage of the total number of Lisbon’s

inhabitants

As seen in Table 3-7, 385 responses would be enough to provide a statistically sound result for the city
of Lisbon, but, given that we intend to analyze differences between parishes, a minimum of 30
respondents’®® per survey would be the bare minimum required to have a statistically significant
analysis. However, the number of respondents should be significantly higher to guarantee a margin of
error of 10% or 370-380 respondents per parish for 5%. This would lead to a significantly higher number
of responses (from 2304 to 9024), considering the current 24 parishes. The number of total respondents
required would be even larger to apply the same rational to the older parishes. In this work, the aim is a
total of 1,032 results, 43 per parish, which would give a larger margin of error of 15%; however, we

should note that this sample size is in line with the literature previously shown in Table 3-6.

Regarding the method of distribution, four different alternatives were developed: 1) send the survey by
email through parish council internal services; 2) send it by email through some of the largest employers
in the city (e.g. CTT, EDP, BNP Paribas, and other large companies); 3) send email to institutions in the
city and to neighborhood associations; and 4) distribute flyers to residents with a QR code allowing for

the survey to be completed online;

The timeframe for collecting data has been fixed to a maximum of 3 months or until the total desired
number of responses is achieved. According to the provisional results of census 2021, most population
in the city is aged between 25 and 64 (> 50%, except for Belém, at 48%). The minimum response rate
should be at 60.31%, the average obtained for the written questionnaires, as shown in Table 3-6. The

survey will also be pre-tested in a small group of 15 respondents to ensure understandability.
3.10.2.2. Comparison With Demographics

In order to guarantee the validity's” of the results, one should assess the presence of sampling bias.
This will be done by comparing the demographics of the respondents with the demographics of their

parish and of the city of Lisbon. However, it is noteworthy that, given the distribution methods chosen

156 As a general rule of thumb, for the Central Limit Theorem (CLT) to be applied, a minimum sample size of n=30 should be
considered. See, for reference, https://quides.fscj.edu/Statistics/centrallimit

57 In simple terms, validity refers to the ‘accuracy’ and reliability refers to ‘consistency’ or ‘reproducibility’ of the CV results
(Kealy et al. (1990) as cited in Venkatachalam (2004))
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and that most population is of working age (see Table A.0-9 in Annex A), a significant sampling bias in

the results is not expected.
3.10.2.3. Response Bias

It is well documented in the literature that several cognitive and response biases, commonly present in
surveys, may jeopardize the accuracy of results (Kahneman & Tversky, 1979; Diamond & Haussman,
1994; Venkatachalam, 2004; Manganelli et al., 2018). It should be noted that the order and type's® of
questions, and even its wording, may also influence the decision-making process of respondents.
Therefore, in this section, some of the most common sources of bias will be listed and the methods used

to minimize their effects identified.

These biases can arise from respondents' personal experiences, their social context or demographics,
or even from the interaction with interviewers, as previously mentioned. According to Manganelli et al.
(2018), data collected using self-completion methods may produce more reliable results than face-to-
face interviews, due to the reduction of interviewer bias, reducing influence in their responses'®, and
because respondents are given more time to think. On the other hand, respondents of self-administered
written questionnaires may try to look up online or consult other household members to choose the
“right” answer. It can be hypothesized that using simple and clearly stated questions may reduce the

need to consult external sources.

Table 3-8 presents a list of some of the biases most likely to affect the results, briefly describing the
question groups'®® considered the most likely to be affected and how they are addressed in this work.

These were considered so that their effect should be accounted for when designing the survey.

Table 3-8 — List of most probable biases to affect the results.

Bias Description Most likely to affect How it is addressed

Self-administered

The interviewer voice or even ) )
questionnaires over the

facial expressions may bias the

Iterviewer bias ) . . Groups 3 and 4 internet, exclude human
results by implying a particular . ! s .
P interaction, avoiding facial and
right” answer. ) .
voice hints

The fact that this is an online,
anonymous survey may
decrease the effects of this
All groups bias. Also, we should include
both direct and indirect
question to minimize this
effect.

Occurs when people who don’t Use of clear statements
respond to a survey question avoiding misunderstanding or
differ significantly to those who confusion and keeping the
do respond survey not too long

Respondents provide a more
"socially accepted" response
instead of their honest
thoughts on the subject.

Social Desirability

Non-response Groups 1 and 3

%8 Closed vs open-ended questions

%% The interviewer voice or even facial expressions may bias the results by implying a particular “right” answer. Additionally,
respondents may change their response, seeking the interviewer’s approval, a phenomenon known as social desirability bias
(Manganelli, Vona and De Paola 2018)

160 Question groups: 1) Demographics; 2) Housing; 3) Perception and action towards risk; Willingness to pay (WTP) for mitigating

measures.
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Bias

Description

Most likely to affect

How it is addressed

Demand bias

Participants change their
behaviors or views simply
because of prior knowledge of
the research agenda (e.qg. title
of the study, prior information
on the study subject and
procedures)

Groups 3 and 4

Only disclosing as much
information as it is needed to
clearly understand the
questions

Extreme response

Participants respond with an
extreme view, even if they
don't have an extreme opinion
on the matter

Groups 3 and 4

Use of carefully worded
questions that are clear and
neutral in tone help to provoke
a thoughtful response.

Occurs when the sample is
made of people who
volunteered to take the part in
the survey. These may have a

A high response rate (60% to
80%) helps to minimize

Voluntary response All groups potential problems with
larger than average . .
. . extrapolating to the population
interest/knowledge in the .
LS ) of interest
research topic, biasing the final
results.
Given a range of values,
individuals may perceive it as
the acceptable bid range and Use of both closed and open-
Range bias therefore they may adjust their Group 4 ended questions. Inclusion of
offered bids (especially zero as an acceptable answer.
concerning when assessing
WTP)
Occurs when zero is not Include zero as an acceptable
Importance bias considered as an accepted Group 4 P
answer

value
Occurs when the WTP is Include answers as a

Income effect affected by the respondent’s Group 4 percentage of total income or

income level

total property value

Loss aversion

The loss of a commodity for an
individual is considered to be
greater than the gain derived
from buying the same
commodity.

Group 3 and 4

In this work we did not take
measures to minimize this
bias, as it should reflect the
natural decision process made
by households

Sequencing effect (or

The sequence of questions

Carefully sequencing

“question order bias”) influences responses All groups questions in a neutral way
Occurs when an individual Stating that the survey will be
P . addressed to a large number
deliberately misrepresents of respondents may
Strategic Bias .thelr preferencesllr? order t(.) Group 4 disincentivize strategic bias,
influence the decision-making as respondents may conclude
ﬁ]rgt(;?\ii toollri]cleurir;i?r; for that their opinion will not have
» policy 9 a large influence overall result
. . . . The potential divergence .
Hypothetical bias’ (Neill et between the real and Group 4 A high response rate should

al., 1994)

hypothetical payments

minimize its effects

Framing Effect

The framing effect is when our
decisions are influenced by the
way information is presented.

Group 3 and 4

Use of neutral wording, a
neutral sequencing of
questions. Relates to
Sequencing effect

Cognitive bias that causes us
to rely too heavily on the first

Only disclosing as much
information as it is needed to

Anchoring Bias piece of information we are Group 3 clearly understand the
given about a topic. questions
.Tenden(?y to focus on items or Avoid highlighting the
information that are more importance of seismic risk to
Salience bias noteworthy while ignoring Group 3 P

those that do not grab our
attention.

this study, by asking about
other types of risks

Hyperbolic Discounting

Hyperbolic discounting is our
inclination to choose
immediate rewards over
rewards that come later in the
future, even when these
immediate rewards are
smaller.

Group 3 and 4

In this work we did not take
measures to minimize this
bias, as it should reflect the
natural decision process made
by households
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Bias Description Most likely to affect How it is addressed
In this work we did not take
Cognitive bias that causes measures to minimize this
Ostrich Effect people to avoid negative Group 3 bias, as it should reflect the
information. natural decision process made
by households
Tendency to overestimate our In this work we did not take
likelihood of experiencing measures to minimize this
Optimism Bias positive events and Group 3 bias, as it should reflect the
underestimate our likelihood of natural decision process made
experiencing negative events. by households

Responses in groups 3 (perception and action towards risk) and 4 (willingness to pay for mitigation

measures) pose the most serious concerns, as they may be more prone to biases.

In response to the range bias, it was chosen to include open-ended questions in the survey. However,
the number of this type of questions will be limited, as they usually elicit a high number of “protest zeros”
and a small number of extremely high responses (Manganelli et al., 2018). Regarding WTP questions
(in group 4), the frequency of payments will also be accounted for. A one-time payment generally
produces more conservative estimates (Kahneman & Knetsch, 1992). Finally, control questions should
also be included to identify respondents ticking boxes randomly. In these cases, the questionnaires

should be excluded from the sample.

There are usually two paths to be taken to check for the validity of CVM results: 1) testing for convergent
validity —i.e., comparing the results to other revealed preference methods such as hedonic price models
(see, for reference, Brookshire et al. (1982)).); and 2) collecting a second sample from the same
population and comparing results. In this work, the results obtained through the survey will be compared
with the results from hedonic price models. Still, mismatches in results will be expected due to
differences in the stated actions and the actual behaviour of respondents. Due to the relatively large
number of respondents aimed for, the author will not consider collecting a second sample of 1,032
respondents will not be considered, as it would require a significant increase in time and effort. However,

results in sub-samples may be compared to check their overall consistency.

3.10.3. SP Regression

The following step on the SP method, was to regress the WTP on a set of explanatory variables such
as gender, age, whether own or rent, number of children under 18 living at home, whether married or

not, education, and earthquake experience. Hence, the WTP is defined as (EQ 19):
WTP = f(age, gender, income, ownership, etc) [EQ 19]
and the regression function can be defined as (EQ 20):

WTP = By + B Xy + -+ B X, + € [EQ 20]
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here WTP is the willingness-to-pay, f, is the intercept, X,, are the selected explanatory variables, 3, are
the regression coefficients and ¢ is the error term. WTP will be measured as the willingness to pay a
premium for a less vulnerable property, a binomial logistic regression will be used. This will enable to
model the WTP based on demographic features, which could be helpful in defining policies for the

structural retrofitting of the city’s housing stock.

3.11. Joint Preferences Model

The join preferences model will be using survey data as the independent variables and property
valuation as the dependent variable. To limit the influence of the market, a 300m (approx. 5-minute walk)
circular area around each respondent’s address is considered. This approach should allow for an
accurate representation of each local market pricing dynamics. The join model will take the form of a

multivariate regression model, such as (EQ 21):
Ya00 = f(a, b, ...,n) [EQ 21]

Where Y, is the average sale price in a 300m of each respondent, and a, b, ..., n are the responses to

some perception questions in the survey.
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4. Results

4.1. Overview

This chapter will review the results, showing what has been concluded from the Explanatory Data
Analysis (EDA) section, the Revealed Preferences models (RP), the remaining Stated Preferences (SP)
models, based on the surveys, and the Joint Regression model. However, before proceeding to present
the results, the three initial hypotheses that laid the ground for the development of this thesis are

recalled:

1. R1: Do market values reflect a preference for properties less vulnerable to earthquakes?

2. R2: How do residents and investors in Lisbon perceive risk?

3. R3: Does their risk perception affect their willingness to pay for property?

These four sections address our three research questions as follows:

1. EDAI s the basis for understanding the three research questions. It aims to provide a general
understanding of the dataset, the distribution of properties, their features (such as the price
and BRD) and spatial distribution and how our sample compares with the actual building
stock. It should also provide a first look at the relationship between variables in our dataset

and what components or variables should be used in our models to follow;

2. The RP section focuses on our first research question (R1), using the transaction dataset
to validate whether there is a market preference for less vulnerable properties. In order to
achieve robust results, five different types of models will be presented: Feasible Generalized
Least Squares (FGLS), PooledOLS, Fixed-Effects, Multivariate Adaptive Regression Spline
(MARS), and Extreme Gradient Boost (XGBoost). One should highlight that these vary in

complexity, explainability and fitness to use for spatial modelling of data;

3. The SP section focuses on the second research question, foreshadowing the third research
question. It analyses the results of a survey of 325 respondents in Lisbon. It draws some
first takeaways from each of the four question groups (Demographics (A), Housing (B),
Perception and action towards risk (C) and Willingness to pay for mitigating measures (D)).

It also presents a regression of the “willingness to pay to a premium for a less vulnerable

using encoded responses from groups A, C and D as input variables;

4. The Joint Regression Model section presents the results from the last model, which
combines encoded answers from the survey and observable market values from the
transaction database, to focus on whether the risk perception of residents affects market
values (R3).
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The next section will start by presenting the EDA results.
4.2. R1, R2 and R3: Exploratory Data Analysis

As mentioned in section 3.6, the data used in this thesis was provided by the Lisbon Municipality,
containing information regarding the sales of 8.726 properties, ranging between 2008 and 2018. A
statistical description of variables, including measures of central tendency and dispersion, can be found
in Table A.0-10, Annex A.

The database was first analyzed for some possible errors. The first step was to analyze the location of
the properties. Figure 4-1 shows the exact location of each property. Most properties contained their
address, latitude and longitude, except for 1029 (11,79% of the dataset).
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Figure 4-1 - Location of properties. Own elaboration.

We can see that most properties are located in the city centre, especially in nowadays Arroios, Avenidas
Novas, Santa Maria Maior (see Figure 4-2).
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Figure 4-2 - Number of properties by parish as a percentage of total

A comparison between the number of properties in each parish and the total number of floors (NPAV)
according to the BGE 2011 was done. It is acknowledged that the total number of floors cannot be simply
converted as the number of properties in each parish, as each building type could have a various number
of dwellings per floor, however, it was considered to be a good proxy for the number of properties.
According to the BGE 2011, there are a total of 197.336 floors spread across 52.696 buildings. By
comparing the percentage by parish in the BGE 2011 and in the database, it provides an idea of the
magnitude of sampling bias in the dataset (see Table 4-1). At the extremes, there is an
overrepresentation of parishes like Santa Maria Maior (+4,94%), Estrela (+3,72%) and Avenidas Novas
(+2.34%) and an underrepresentation of Parque das Nagbes (-2.58%), Olivais (-2.47%) and Alvalade
(-1.90%). However, one can argue that, overall, this database is a good representation of Lisbon’s

housing stock spatial distribution.

Table 4-1 - Comparison of properties by parish

Parish NPAV % BGE % Database Difference
Ajuda 6393 3.24% 2.77% -0.47%
Alcantara 5095 2.58% 3.60% 1.02%
Beato 4812 2.44% 1.21% -1.23%
Benfica 11871 6.02% 5.30% -0.71%
Campolide 6116 3.10% 2.77% -0.33%
Carnide 5441 2.76% 1.66% -1.09%
Lumiar 11363 5.76% 4.19% -1.57%
Marvila 6455 3.27% 2.21% -1.06%
Olivais 10132 5.13% 2.67% -2.47%
Séo Domingos de Benfica 9776 4.95% 4.80% -0.16%
Alvalade 10823 5.48% 3.59% -1.90%
Areeiro 7067 3.58% 3.34% -0.24%
Arroios 13633 6.91% 8.04% 1.13%
Avenidas Novas 10114 5.13% 7.46% 2.34%
Belém 8547 4.33% 4.38% 0.05%
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Parish NPAV % BGE % Database Difference
Campo de Ourique 8406 4.26% 4.04% -0.22%
Estrela 9722 4.93% 8.65% 3.72%
Misericordia 8356 4.23% 5.92% 1.68%
Parque das Nagdes 5444 2.76% 0.18% -2.58%
Penha de Franga 9747 4.94% 3.60% -1.34%
Santa Clara 5442 2.76% 0.98% -1.78%
Santa Maria Maior 8753 4.44% 9.37% 4.94%
Santo Anténio 6935 3.51% 5.64% 2.13%
Sao Vicente 6893 3.49% 3.63% 0.13%

Regarding the year of the sale, most properties were sold between 2010 and 2015 (60.29%) (see Figure
4-3). It is noteworthy that this corresponds to the period of a down market, the consequence of the 2007-

2008 financial crisis, which was only felt a few years later in Portugal, as described in section 2.8.1.1.
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Figure 4-3 - Transaction date [Year of the properties in the database

Most properties in the dataset were located from the ground floor to the third (approximately 71.55% of
properties). This was expected since, according to BGE 2011'%', more than two thirds of the buildings

in Lisbon have between one and six floors (Figure 4-4).

Regarding the properties area, the author found some errors in the database, reporting apartment areas
larger than 500 square meters, which is highly unlikely for a Lisbon apartment. Fortunately, these
represented a small fraction of 0.02% of the dataset; hence they were removed from the analysis.
Likewise, apartments with less than 30 m? (1.58% of total dataset) were also removed. After their
removal, the mean area of properties in the dataset was found to be 102.59 m?, with a standard deviation
of 56.23 m?, indicating a predominance of smaller one-bedroom to three-bedroom apartments. The

median area stands at 88 m?. Figure 4-5 shows the area distribution.

61 Buildings Georreferenced Database 2011 (Base de Georeferrenciagéo de Edificios - BGE), kindly provided by the National
Statistics Institute (INE)
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Figure 4-4 - Number of properties by floor, as percentage of total dataset
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Figure 4-5 - Area distribution after outliers’ removal

Lumiar shows the largest median area of the properties, at 122.80 m?, followed by Avenidas Novas
(111.80 m?) and Estrela (107 m?). Beato (65 m?), Sdo Vicente (68 m?) and Ajuda (70 m?) show to be the

locations of smaller dwellings.

Regarding the construction year, 98.61% of properties were built during the 20" and 215t centuries’6?

(see Figure 4-6).
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Figure 4-6 - Distribution of construction years

The older properties are mostly located in the city centre, in the parishes of Misericérdia, Arroios and

Santa Maria Maior, while the newer are located in Avenidas Novas, Santa Maria Maior'®® and Estrela.

62 The most recent property was built in 2018
163 Probably as result of rehabilitation programs
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Overall, compared with the construction epochs defined in BGE 2011, we may say the dataset is
representative of the city’s housing stock; however, it seems to be slightly underrepresented in the older
buildings (built before 1919) and overrepresented in the buildings built between 1946 and 1960 (see
Table 4-2). Nevertheless, one should note that the data from BGE 2011 refers to buildings, while this
dataset refers to unique properties (mostly apartments).

Table 4-2 - Percentage of buildings by construction epoch. Comparison of BGE 2011 and dataset

Epoch BGE 2011 | Dataset | Difference
before 1919 19.51% 2.14% 17.36%
1919 to 1945 18.50% 14.75% 3.75%
1946 to 1960 24.95% | 33.41% | -8.45%
1961 to 1970 13.22% 11.28% 1.94%
1971 to 1980 8.23% 6.84% 1.39%
1981 to 1990 4.05% 3.87% 0.18%
1991 to 1995 2.22% 1.93% 0.30%
1996 to 2000 3.49% 2.26% 1.23%
2001 to 2005 3.36% 4.06% -0.70%
2006 to 2011 2.48% 8.74% -6.26%

after 2011 N/A 5.16% -

Regarding the number of rooms, we see that most of the properties are one to three-bedroom
apartments (70,20% of total) (Figure 4-7).
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The analysis of the yearly normalized prices reveals that the smaller apartments are some of the most

expensive, on a price per square metre basis (see Figure 4-8)

64 In this image we are using the Portuguese designation for the number of rooms. For instance, a T2 apartment has two bedrooms
while a single room apartment is defined as T1.
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Figure 4-8 - Yearly normalized prices by number of rooms

The most expensive properties are mainly located in the city centre in the parishes of Avenidas Novas,

Misericordia and Arroios (Figure 4-9).
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Figure 4-9 - Geo heatmap of normalized sales in the dataset. Higher values with darker shades.

Although they present the highest average prices, the wide range of values that can be observed in
these parishes is also noticeable (Figure 4-10). It is possible to hypothesize that this dispersion of values
should mainly be related to differences in the buildings' condition and the amenities presented to

homebuyers.
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Figure 4-10 - Dispersion of prices across parishes

Buildings and apartments’ condition have been classified as “bad”, “reasonable”, and “good”. Most
buildings appear to be in reasonable condition according to the dataset, with 41.05% being classified as
in “good” condition, 53.11% in “reasonable” condition, and only 5.86% in “bad” condition (see Figure
4-11). The apartments follow a similar distribution, with 37.26% as “good”, 52.46% labelled as
“reasonable” and only 10.26% as “bad” (see Figure 4-12).
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Figure 4-11 - Distribution of prices by building condition
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Figure 4-12 - Distribution of prices by apartment condition

Only 0,17% of the properties are located in Urban Areas of lllegal Origin (AUGI'®%), and only 4.27% are
managed by Gebalis'®® as part of the city’s social housing stock (see Figure 4-13).
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Figure 4-13 - Properties managed by Gebalis

185 Translated from Portuguese, Areas Urbanas de Génese llegal (AUGI)
166 Gebalis is a municipally owned public company, responsible for Lisbon’s social housing management. More information in

https://www.gebalis.pt/Paginas/default.aspx
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The dataset also contains information regarding noise levels (RUIDO) (on a scale from 0 — lowest noise
levels- to 5 — highest), the area’s vulnerability to flooding (VULInund), landslides (VULMass) and
earthquakes (VULSismo)'%” (on a scale from 0 to 4). Table 4-3 and Table 4-4 summarize the percentage

of properties in each class.

Table 4-3 - Percentage of properties by noise level

Class RUIDO
0 11.79%
1 54.92%
2 15.13%
3 9.07%
4 7.40%
5 1.66%

Table 4-4 - Percentage of properties by risk class

Class | VULInund | VULSismo | VULMass

0 70.12% 11.79% 97.99%

1 16.53% 16.72% 0.74%

2 3.79% 40.15% 0.83%

3 9.54% 22.14% 0.42%

4 9.19%

Looking at the spatial distribution of the values (Figure 4-14 to Figure 4-17 ), some spatial patterns are
noticeable: 1) most properties with high noise levels are located near the largest distribution lanes in the
city, namely in Alcéntara, Campolide and Avenidas Novas; 2) the city centre parishes of Misericérdia,
Santa Maria Maior and Arroios, despite showing as one of the location with the highest vulnerability to
flooding events and earthquake risk, based on soil type, is also one of the highest values in the city,
hinting that investors and homebuyers alike are oblivious to earthquake risk; and 3) the zones with the

higher risk to landslides are located near the river Tagus, and especially across Lisbon’s downtown.

167 Solely based on the soil type. We should note that the original Soil Seismic Vulnerability Map, elaborated by Faculdade de
Ciéncias da Universidade de Lisboa, only has 4 classes: very high, high, average and low. The latter 3 types can be associated
to the one defined in the Safety Regulations and Actions for Building Structures and Bridges (Regulamento de Seguranga e
Acgbes  para Estruturas de  Edificios e Pontes - RSA). The full map is available at:
https://www.lisboa.pt/fileadmin/cidade_temas/seguranca/documentos/Carta_de Vulnerabilidade_Sismica_dos_Solos.pdf (Last
visited September 1, 2022)

110



Figure 4-14 - Properties with higher noise levels  Figure 4-15 - Properties with higher vulnerability to
(RUIDO>=3) earthquakes, based only on soil type (VULSismo>=3)
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Figure 4-16 - Properties with higher vulnerability to Figure 4-17 - Properties with higher vulnerability to
flooding (VULInund>=2) landslides (VULMass>=2)

A correlation analysis of the values in the dataset was also carried out. Figure 4-18 shows the correlation
heatmap. Notably, only the NORMALIZED price variable has been chosen as a proxy. This happens
because there is a high correlation between all price variables; thus, including them in this analysis
would be redundant. Additionally, only numerical variables have been considered in this correlation
analysis.
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Figure 4-18 - Correlation heatmap

From the correlation analysis, and broader EDA, it is possible to take some early conclusions:

Overall, the sample seems to be representative of Lisbon’s total housing stock, regarding
its spatial distribution and age; however, there is some level of overrepresentation of
parishes like Santa Maria Maior (+4,94%), Estrela (+3,72%) and Avenidas Novas (+2.34%)
and an underrepresentation of Parque das Nagdes (-2.58%), Olivais (-2.47%) and Alvalade
(-1.90%). Buildings prior to the 1900s also seem to be underrepresented (-17.36%) and
buildings from the 1940s to the 1960s seem to be overrepresented (+8.45%).

The condition of the building, the condition of the apartment, the construction year, the area
and the floor are some of the variables hinting a positive impact with the yearly normalized
prices. This is consistent with the initial expectations and with the existing literature. Newer
apartments with better condition are expected to be the most valued by the market. Larger
apartments are also usually more expensive than smaller ones'®®, and higher floors are also

most valuable since they enjoy less noise and pollution, and often better views than lower

168 Although we should note that the price per square metre usually decreases with the size of the apartment, as smaller units
usually have a broader market, with higher demand, contrasting to larger ones which are often only preferred by numerous
families. Given the current trends in demographics, one would expect a prevailing demand in the small apartments’ market.
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floors'®. However, one should note the positive correlation between area and price per
square metre. This could happen due to the highest dispersion of values in in some larger
typologies.

3. The distance to the CBD (-0.163) and to the Universities (-0.140) seems to be the most
negatively correlated variables to the prices. This is consistent with the existing literature,

as proximity to business and education facilities is usually highly valued in the market.

4. Investors and homebuyers seem to be oblivious to natural hazards such as earthquakes,
floods and landslides. This is shown by the low correlation with prices and by the spatial

distribution of properties with the highest vulnerability to natural hazards.

4.2.1. Spatial Analysis of Property Values and Building Resistance Deficit

This section will focus on the relation between the spatial distribution of property values (Figure 4-19)
and seismic vulnerability through a Building Resistance Deficit (BRD) spatial analysis and a spatial

autocorrelation price analysis.

38.80

-9.22 -9.20 -9.18 -9.16 -9.14 -9.12 -9.10
Figure 4-19 - Mean normalized values distribution in old parishes (pre-2013)'"°.

169 Although this dynamic may be different in older buildings with no elevator, in which case the lower levels may be more valuable.
70 Parishes: 00 - Ajuda; 01 — Alcantara; 02 - Alto do Pina; 03 — Alvalade; 04 — Ameixoeira; 05 — Anjos; 06 — Beato; 07 — Benfica;
08 - Campo Grande; 09 — Campolide; 10 — Carnide; 11 — Castelo; 12 — Charneca; 13 - Coragao de Jesus; 14 — Encarnagao; 15
— Graga; 16 — Lapa; 17 — Lumiar; 18 — Madalena; 19 - Martires; 20 — Marvila; 21 — Mercés; 22 - Nossa Senhora de Fatima; 23 —
Pena; 24 - Penha de Francga; 25 — Prazeres; 26 — Sacramento; 27 - Santa Catarina; 28 - Santa Engracia ; 29 - Santa Isabel; 30 -
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In order to analyze the spatial dependency of values, a Global Moran-| test was done and the Local
Indicators of Spatial Association (LISA) calculated, using a Queen contiguity matrix. As mentioned in
section 4.4, these methods allow for the detection of spatial correlation of values. The old parishes were
analyzed first due to their smaller size, which would be more approximate to the ideal homogenous units
of analysis. The test statistic for the Moran-I test, for old parishes was 0.355, with a significance level of
0.1%. Itis important to remind that Moran-I tests the hypothesis that the values on the map are randomly
generated. The 0.1% significance level means that, if we generated a large number of maps with the
same values but randomly allocated over space and calculated the Moran's | statistic for each of those
maps, only 0.1% of them would display a larger (absolute) value than the one we obtain from the real
data. Given the results, we can reject the null hypothesis that the values on the map are randomly
generated can be rejected and it is concluded that the location of properties is a defining feature of their
price. Figure 4-20 shows the relationship between the normalized values (price) and the spatial lag,
which clearly shows signs of positive spatial autocorrelation, given the positive slope of the regression

curve.

This is associated with the presence of positive spatial autocorrelation: similar values tend to be located
close to each other. This means that high-value locations tend to be surrounded by other high-value
locations, and low-value locations tend to be surrounded by low-value locations, hence clustered over
space. This is according to the initial expectations, as real estate markets tend to behave in a “spill-over”

pattern, leading to clusters of high value and low value locations.

However, this does not mean that this is the only situation in the dataset. There can, of course, be
particular cases where low ones surround high values and vice-versa. This is clearly revealed by the
LISA indicators, which are similar to a Global Moran-I test but applied to each unit of analysis. It

compares its values with its neighbours, resulting in as many statistics as original observations.

Moran Local Scatterplot
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Figure 4-20 - Local Moran Scatter plot (old parishes).

Santa Justa; 31 - Santa Maria de Belém; 32 - Santa Maria dos Olivais; 33 — Santiago; 34 - Santo Condestavel; 35 - Santo Estévao;
36 - Santos-o0-Velho; 37 - Sao Cristévao e Sao Lourengo; 38 - Sdo Domingos de Benfica; 39 - S&o Francisco Xavier; 40 - Sao
Jodo; 41 - Sao Jodo de Brito; 42 - Sao Jodo de Deus; 43 - Sao Jorge de Arroios; 44 - Sao José; 45 - Sdo Mamede; 46 - Sao
Miguel; 47 - Sao Nicolau; 48 - Sdo Paulo; 49 - Sao Sebastido da Pedreira; 50 - Sdo Vicente de Fora; 51 — Sé; 52 - Socorro
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The spatial distribution of values indicates that the parishes of Lumiar, Ameixoeira, Charneca and Santa
Maria dos Olivais are a cluster of low values, and the parishes of Sdo Paulo, Encarnacédo, Martires,
Sacramento, and S&o Nicolau are a cluster of high values. It also shows the parish of Beato, surrounded
by other low value locations, namely Marvila, Alto do Pina and S&o Jo&o (Figure 4-21). This hints that
positive values are spilled over from the higher valuations in the downtown area to the lower valuations
on the city's outskirts. However, it should be noted that different results would be expected in the analysis
using the new parishes, as the newly created parish of Parque das Nagébes is currently one of the most
prime locations for real estate properties.

it

Figure 4-21 - LISA indicators (old parishes). Own elaboration.

After calculating the BRD, as explained in section 3.7.5, it is noticeable the lack of importance attributed
by investors and homebuyers to the vulnerability of the housing stock (Figure 4-22). The highest mean
values of BRD are located in the parishes of Sdo Nicolau (0.838), Madalena (0.721) and Sdo Paulo
(0.627). The full table of mean BRD values can be found in Annex A (Table A.0-11).

922 920 918 -9.16 914 -9.12 -9.10

Figure 4-22 - Mean BRD values by parish (old parishes)'”". Higher values with darker shades.

7 Parishes: 00 - Ajuda; 01 — Alcantara; 02 - Alto do Pina; 03 — Alvalade; 04 — Ameixoeira; 05 — Anjos; 06 — Beato; 07 — Benfica;
08 - Campo Grande; 09 — Campolide; 10 — Carnide; 11 — Castelo; 12 — Charneca; 13 - Coragao de Jesus; 14 — Encarnagao; 15
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Under the new administrative limits, the results are similar. The Global Moran-I test resulted in a test
statistic of 0.220, with a 3,6% significance level (Figure 4-23). The larger area covered by the new
parishes leads to less homogenous units of analysis, thus leading to less statistical significance in the

spatial correlation test, however, it is still lower than 5%.
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Figure 4-23 - Moran Scatterplot for normalized prices (according to new parishes)

As expected, the LISA indicators show Parque das Nagbes as an outlier, showing higher values than
its neighbouring parishes (Figure 4-24)'72. Nonetheless, it is clear that the high property values are

spilled over from the city centre to the city's outer limits.

® HH
HL

Figure 4-24 - LISA indicators for the new parishes.

— Graga; 16 — Lapa; 17 — Lumiar; 18 — Madalena; 19 - Martires; 20 — Marvila; 21 — Mercés; 22 - Nossa Senhora de Fatima; 23 —
Pena; 24 - Penha de Franga; 25 — Prazeres; 26 — Sacramento; 27 - Santa Catarina; 28 - Santa Engracia ; 29 - Santa Isabel; 30 -
Santa Justa; 31 - Santa Maria de Belém; 32 - Santa Maria dos Olivais; 33 — Santiago; 34 - Santo Condestavel; 35 - Santo Estévao;
36 - Santos-o0-Velho; 37 - Sao Cristévao e Sao Lourengo; 38 - Sdo Domingos de Benfica; 39 - S&o Francisco Xavier; 40 - Sao
Jodo; 41 - Sao Jodo de Brito; 42 - Sao Jodo de Deus; 43 - Sao Jorge de Arroios; 44 - Sao José; 45 - Sdo Mamede; 46 - Sao
Miguel; 47 - Sao Nicolau; 48 - Sdo Paulo; 49 - Sao Sebastido da Pedreira; 50 - Sdo Vicente de Fora; 51 — Sé; 52 - Socorro

72 Note that HH and HL correspond to high-high clusters of values and high-low, or high value outliers.
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By comparing the BRD results to property prices, the same conclusion regarding the importance given
by investors and homebuyers to the vulnerability of the housing stock can be drawn. The parishes of
Santa Maria Maior (0.545), Misericérdia (0.464) and Santo Anténio (0.452) show the highest values of
BRD (Figure 4-25) while showing some of the highest property values in the municipality (see Figure
4-26). The full table of mean BRD values can be found in Annex A (Table A.0-12).

Santa Clara

Parque das Nagbes
Lumiar Olivais |

Carnide : |

38.76 = ) \‘
Marvila
3874 Benfi
38.72
Ajuda
38.70 Belém
38.68
-9.24 -922 -9.20 -9.18 -9.16 -9.14 -9.12 -9.10 -9.08

Figure 4-25 - Mean BRD for new parishes. Higher values with darker shades.

Santa Clara

Olivais
38.76
Marvila
3874
Beato
'enha de Franga
B ~

-9.24 -9.22 -9.20 -9.18 -9.16 -9.14 -9.12 -9.10 -9.08
Figure 4-26 - Mean normalized property prices. Higher values with darker shades.
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One should note that, while being the sixth parish with the lowest mean BRD value, it was expected
Parque das Nagbes to have an even lower BRD, given that most of the buildings in the area were built
since the late 90s. However, after a closer look, it is noticeable that the properties in the dataset are
actually located near the neighbourhood of Moscavide (Figure 4-27), a working-class, older

neighbourhood of Loures municipality, which explains the higher BRD.

924 -922 -9.20 -9.18 -9.16 -9.14 -9.12 -9.10 -9.08
Figure 4-27 - Location of properties in Parque das Nagbes

4.2.2. Principal Component Analysis (PCA)

As part of the EDA, a PCA analysis was carried out to identify the variables which contributed the most
to explaining variance in the dataset. This started with the analysis of the cumulative explained variance
as a function of the number of components to determine the recommended number (see Figure 4-28).
A total of 23 components have been identified as the required number to achieve 95% of explained

variance.

118



Figure 4-28 - Cumulative explained variance by number of principal components
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However, the first 5 components already provided a cumulative explained variance of 72.37%, so it was

decided to focus on these. The next step was to analyze the components loading or weights, which

represents the elements of the eigenvector, and translate the correlation between the original variables

and the principal components (vectors). Table 4-5 and Table 4-6 synthesize the variables with the most

weight on each of the first five components. Fig A.0-2, in Annex A, shows the loadings' full correlation

matrix plot.
Table 4-5 - Loadings on first three principal components
PC1 PC2 PC3
variable weight variable weight variable weight
VULInund 0.195 APARTMENT1 0.502 VULSismo 0.460
VUACTUAL_MAF_FINAL 0.192 VULInund 0.456 POI_Rio 0.437
BRD_AFASTADO 0.188 BUILDING_2 0.390 y 0.354
BRD_PROXIMO 0.187 VULSismo 0.333 VULInund 0.330
X 0.181 Culture500 0.204 POI_Indust 0.245
Culture500 0.170 POI_Cemit 0.175 POI_Estudo 0.188
VULSismo 0.132 X 0.142 POI_Cemit 0.185
POI_Cemit 0.079 ABANDONED _ 0.092 POI_Emerg 0.183
FM_MAF 0.060 NORMALIZED 0.079 BUILDING_F 0.110
VULMass 0.028 POI_Escola 0.042 BUYER_Code 0.104
Table 4-6 - Loading on fourth and fifth components
PC4 PC5

variable weight variable weight

VULInund 0.488 POI_CBD 0.136

POI_CBD 0.423 VULInund 0.096

ABANDONED_ 0.293 POI_AcRodo 0.088

POI_AcRodo 0.213 APARTMENT1 0.086

POI_Estudo 0.211 VULSismo 0.079

POI_ESPriv 0.144 POI_Estudo 0.054

POI_Metro 0.141 Culture500 0.050
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PC4 PC5
POI_Indust 0.125 POI_ESPriv 0.041
POI_Univer 0.096 POI_Metro 0.034
ESPubl 0.091 POI_Univer 0.029

To clearly interpret the loadings, it is necessary to step back from the property values analysis. PCA
focuses on the overall variance of data, not on a specific target variable. Thus, it provides us with a
better understanding of the commonalities and differences between observations (properties) and not
their specific contribution to their value. Nevertheless, as previously mentioned, a property value can be
seen as a function of its endogenous and exogenous features, hence one can still extract value from a

non-price-targeted analysis.

Looking at the loading in each component, it is difficult to separate them as unique, given the significant
number of variables simultaneously being identified as important in several components. Nevertheless,
the first component could be identified as being related to the proximity to the river and the centrality,
the second factor as related to the condition of the dwelling and building itself, and the remaining three

components to the amenities nearby and the centrality of location.

It is noteworthy that some variables are present in several principal components: VULSismo (5),
VULInund (4), POI_Estudo (3) are the most frequently referred. By looking at the spatial distribution of
these variables, we see that their location is the feature underlying the importance of these components.
For example, the city downtown and the riverside locations have high vulnerability to earthquakes
(VULSismo) and flooding (VULInund). These hints that there is a similarity between housing stock in
these locations. While the distance to libraries (POI_Estudo) reveals, once more, the importance of

centrality (see Figure 4-29)'73,
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Figure 4-29 - Properties less than 300m from a library (POl_ESTUDO<300m)..

7 The mean distance to a library in the dataset is 640m, and the median is 485m
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4.2.3. Feature Importance

As explained in section 3.8.2, the XGBoost feature importance module was also used to classify the
importance of each feature in the dataset as predictors. It is translated by the F-Score which, simply put,
means the number of times a feature is used to split the data across all trees. These results are based
on a XGBoost regressor with 100 trees and a leaning rate of 0.08. The author started by analyzing the
results for Lisbon's whole city, then drilled down to the parish level (Fig. A.0-3 to Fig A.0-25) to

understand the differences in preferences. Figure 4-30 shows the result for Lisbon.

Feature importance
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Figure 4-30 - Feature Importance F-Scores for Lisbon municipality

The results are according to the initial expectations and general market knowledge. The area (AREA) is
the feature with the most impact on the valuation of a property. The construction year (CONSTRUCTI)
is the second most important feature. It is no surprise as newer apartments are often preferred over
older ones, due to increased comfort and available amenities. The third feature is the floor number
(FLOOR). As previously mentioned, upper floors usually have a higher valuation because they are not
subject to the same street level noises as the lower floors, are exposed to less pollution, and often offer
better views. However, this rationale is slightly different in buildings with no elevator, given that the effort
of climbing an extra flight of stairs is reflected in the price of the upper floors. This feature is followed by
the number of floors in the building (BUILDING_F), which is closely related with the previous two
variables. Newer buildings are usually taller than older ones, which means that a higher total number of
floors is probably synonymous with a newer building, offering more comfort and amenities. The number
of rooms (TYPOLOGY_C) is the last feature on the list, which is often referred to as a decisive factor in
the home buying process.
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Drilling down to the parish level, we notice that the same features keep showing as the most important
(area, floor number, construction year and the number of rooms), with a few exceptions. For instance,
in Marvila, the longitude is the most important feature as it determines the proximity to the wealthy
neighbourhood of Parque das Nagbes. In Campolide, the longitude is also one of the most important

features, defining the proximity to Amoreiras (Santo Anténio) and Avenidas Novas.

4.2.4. Best Subset Selection

This section will be detailing the results for the best subset selection of features. As explained in section
3.9.3.1.1, this method compares multiple models with different predictors, leading to the selection of the
best model under the criterion of minimum RSS. The first model consists of a simple example with only
one predictor (Figure 4-31). A total of 34 models were tried, and the building condition (BUILDING_2)
was selected as the best explanatory variable to explain the normalized price of an apartment. According
to the results, the building’s condition explains 78% of the variance in the model. The positive sign of
the coefficient is also expected, given how the condition scale is defined (1 - bad to 3 - good). It should
be noted that, contrarily to the method of PCA used in the previous section, this is a supervised method,
which measures the success/importance of a variable by how good of a predictor it is given a target

variable.

Processed 34 models on 1 predictors in 0.12030887603759766 seconds.
OLS Regression Results

Dep. Variable: NORMALIZED R-squared (uncentered): 0.780
Model: OLS Adj. R-squared (uncentered): 0.780
Method: Least Squares F-statistic: 2.725e+04
Date: Tue, 06 Sep 2022 Prob (F-statistic): 0.00
Time: 13:14:17 Log-Likelihood: -6112.3
No. Observations: 7702 AIC: 1.223e+04
Df Residuals: 7701 BIC: 1.223e+04
Df Model: 1
Covariance Type: nonrobust

coef std err t P>t [0.025 0.975]
BUILDING 2 0.4165 0.003 165.073 0.000 0.412 0.421
Omnibus: 2760.173 Durbin-Watson: 1.606
Prob (Omnibus): 0.000 Jarque-Bera (JB): 16227.514
Skew: 1.602 Prob(JB): 0.00
Kurtosis: 9.348 Cond. No. 1.00

Figure 4-31 - Results for 1 predictor

Using two predictors, a total of 561 models were compared (Figure 4-32). The model has increased its
adjusted R? by 1.8%, and the features selected were the parish code (PARISH_COD) and the apartment
condition (APARTMENT1). This means that, for this model, the location of an apartment and its condition
are the most important features to be considered for price estimation. It is possible to argue that the
condition of the building and the condition of the apartment should be closely linked though not the

same. A highly maintained building would suggest care of its inhabitants towards it, which in turn should
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suggest care for their own apartments. Once again, we see the importance of condition as a predictor
of property value.

Processed 561 models on 2 predictors in 4.037552118301392 seconds.
OLS Regression Results

Dep. Variable: NORMALIZED R-squared (uncentered): 0.798
Model: OLS Adj. R-squared (uncentered): 0.798
Method: Least Squares F-statistic: 1.524e+04
Date: Tue, 06 Sep 2022 Prob (F-statistic): 0.00
Time: 13:14:25 Log-Likelihood: -5771.8
No. Observations: 7702 AIC: 1.155e+04
Df Residuals: 7700 BIC: 1.156e+04
Df Model: 2
Covariance Type: nonrobust

coef std err t P>t [0.025 0.975]
PARISH_Cod 0.0219 0.001 27.886 0.000 0.020 0.023
APARTMENT1 0.2801 0.005 57.007 0.000 0.270 0.290
Omnibus: 2897.880 Durbin-Watson: 1.570
Prob(Omnibus): 0.000 Jarque-Bera (JB): 19344.010
Skew: 1.650 Prob(JB): 0.00
Kurtosis: 10.028 Cond. No. 13.5

Figure 4-32 - Results for 2 predictors

The last set of models tested included three predictors (Figure 4-33). It was possible to compare 5984
models to find that the parish code (PARISH_COD), the building condition (BUILDING_2) and the
apartment’s condition (APARTMENT1) were the most important features in price estimation. Note that

the adjusted R squared only increased by 0.4% from the previous two predictor model.

Processed 5984 models on 3 predictors in 39.997554302215576 seconds.
OLS Regression Results

Dep. Variable: NORMALIZED R-squared (uncentered): 0.803
Model: OLS Adj. R-squared (uncentered): 0.802
Method: Least Squares F-statistic: 1.043e+04
Date: Tue, 05 Apr 2022 Prob (F-statistic): 0.00
Time: 12:05:02 Log-Likelihood: -5690.2
No. Observations: 7702 AIC: 1.139e+04
Df Residuals: 7699 BIC: 1.141e+04
Df Model: 3
Covariance Type: nonrobust

coef std err t P>|t| [0.025 0.975]
PARISH Cod 0.0190 0.001 23.355 0.000 0.017 0.021
BUILDING_2 0.1450 0.011 12.844 0.000 0.123 0.167
APARTMENT1 0.1602 0.011 15.224 0.000 0.140 0.181
Omnibus: 3053.075 Durbin-Watson: 1.577
Prob (Omnibus): 0.000 Jarque-Bera (JB): 21649.834
Skew: 1.734 Prob(JB): 0.00
Kurtosis: 10.446 Cond. No. 41.5

Figure 4-33 - Results for 3 predictors

These results hint that the market values a property's location and condition over its vulnerability to

seismic activity or any other natural hazard, which is consistent with the previous findings. Nevertheless,
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these results should be taken with a grain of salt. Figure 4-34 shows the residuals plot for the last model

with three predictors.
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Figure 4-34 - Residuals plot for OLS from Best Subset Selection

Observing Figure 4-34 above'’4, it is clear that the variance of residuals is not constant, thus it does not

comply with the Markov-Gauss assumption of homoscedasticity of residuals, which means that, even if

the estimated regression coefficients are unbiased and consistent, they are not efficient and therefore

not BLUE. The same pattern is observed in the regressions using one and two predictors. This is

expected given the importance of location in the real estate market price dynamics, as explained in

section 3.4.
4.2.5. Stepwise Regression

The stepwise regression consists of a regression algorithm which adds (forward stepwise) or removes
(backward stepwise) variables in a model based on their ability to minimize RSS, as explained in section
3.9.3. Nevertheless, one should note that both regressions were used not as final estimation models but
as tools to narrow the list of possible predictors to be used in the final models. As so, the residuals will
be only analyzed through plots, and no heteroscedasticity test, such as the Breusch-Pagan test, will be

applied.

174 Residuals plot for OLS regression obtained with the Best Subset selection method. Two trend lines are drawn in red.
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The forward stepwise model was built first and the number of variables in the model restricted to 7
(Figure 4-35). This restriction is based on the goal of this section to find the most important features

contributing to price formation.

OLS Regression Results

Dep. Variable: NORMALIZED R-squared (uncentered): 0.810
Model: OLS Adj. R-squared (uncentered): 0.810
Method: Least Squares F-statistic: 4696.
Date: Tue, 06 Sep 2022 Prob (F-statistic): 0.00
Time: 16:11:32 Log-Likelihood: -5535.0
No. Observations: 7702 AIC: 1.108e+04
Df Residuals: 7695 BIC: 1.113e+04
Df Model: 7
Covariance Type: nonrobust

coef std err t P>|t| [0.025 0.975]
BUILDING_ 2 0.1367 0.012 11.612 0.000 0.114 0.160
PARISH_Cod 0.0200 0.001 22.176 0.000 0.018 0.022
APARTMENT1 0.1742 0.010 16.693 0.000 0.154 0.195
POI_ESPriv -0.0002 1.42e-05 -10.829 0.000 -0.000 -0.000
BRD_AFASTADO -0.2682 0.023 -11.760 0.000 -0.313 -0.223
ABANDONED__ 0.0540 0.008 6.751 0.000 0.038 0.070
Park50M 0.0014 0.000 6.145 0.000 0.001 0.002
Omnibus: 2929.337 Durbin-Watson: 1.592
Prob(Omnibus): 0.000 Jarque-Bera (JB): 20741.115
Skew: 1.651 Prob(JB): 0.00
Kurtosis: 10.330 Cond. No. 2.99e+03
Notes:

[1] R2 is computed without centering (uncentered) since the model does not contain a constant.
[2] Standard Errors assume that the covariance matrix of the errors is correctly specified.
[3] The condition number is large, 2.99e+03. This might indicate that there are

strong multicollinearity or other numerical problems.

Figure 4-35 - Forward stepwise regression model with 7 variables

The results indicate that the building’s condition (BUILDING_2), the location given by the parish code
(PARISH_COD), the apartment’s condition (APARTMENT1), the distance to private high schools
(POI_ESPriv), the building resistance deficit calculated to a type 2 earthquake (BRD_AFASTADO), the
state of abandonment (ABANDONED _) and the number of parking spots within 50m (Park50M) are the
most significant variables, all with a p-value of less than 5%. Once again, the condition of the building
and apartment itself are shown to be one of the most important features to be taking into pricing a
property. All signs of coefficients are according to expected expect for the state of abandonment. Given
that it is classified as (1) abandoned and (2) not abandoned, it was expected that the coefficient should
present a positive sign, as non-abandoned properties should be of higher value than the abandoned
ones. This happens because occupied ones should, in theory, have better maintenance than those left
to abandonment. The negative sign on the coefficient related to the BRD should be interpreted with
caution, although in theory it was expected to be negative. Given the preliminary results during the EDA,
there is no clear evidence of earthquake risk awareness by real estate stakeholders. Thus, it is possible
to hypothesize that the negative value on this variable is caused by the high negative correlation
between the BRD and the construction year (-0.77), and the building condition (-0.42). This means that
newer and better-maintained buildings are more likely to present a lower BRD. Hence, it is plausible to

consider that the appearance of this variable in the model, and its negative sign, translates not a direct
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preference for mode earthquake resistance buildings, but for newer and well-maintained ones, which is

consistent with the results obtained with the previous feature selection techniques.

The residuals reveal heteroscedasticity of errors, as shown in Figure 4-36, although showing an
improvement from prior models obtained by Best Feature Selection methods, displaying a lower

coefficient of variation.

Residuals

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75
Predicted Values

Figure 4-36 - Residuals plot from forward stepwise regression

As mentioned in section 3.9.3.1.1, the backward stepwise regression is preferable over the forward
stepwise and should be applied whenever possible. Thus, the analysis was followed by building a
backward stepwise regression model. The same rationale of the forward stepwise model was followed,
selecting only a reduced number of seven variables to be included in the model. Figure 4-37 shows the

final results.
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OLS Regression Results

Dep. Variable: NORMALIZED R-squared (uncentered): 0.811
Model: OLS Adj. R-squared (uncentered): 0.810
Method: Least Squares F-statistic: 4706.
Date: Wed, 07 Sep 2022 Prob (F-statistic): 0.00
Time: 10:59:19 Log-Likelihood: -5529.0
No. Observations: 7702 AIC: 1.107e+04
Df Residuals: 7695 BIC: 1.112e+04
Df Model: 7
Covariance Type: nonrobust

coef std err t P>t [0.025 0.975]
PARISH_ Cod 0.0193 0.001 20.501 0.000 0.017 0.021
BUILDING 2 0.1712 0.012 14.823 0.000 0.149 0.194
APARTMENT1 0.1891 0.010 18.028 0.000 0.169 0.210
POI_CBD -4.088e-05 5.31le-06 -7.703 0.000 -5.13e-05 -3.05e-05
POI_AcRodo 0.0002 2.23e-05 8.873 0.000 0.000 0.000
POI_ESPriv -0.0001 1.58e-05 -8.294 0.000 -0.000 -0.000
BRD_PROXIMO -0.1976 0.020 -9.904 0.000 -0.237 -0.158
Omnibus: 2695.610 Durbin-Watson: 1.591
Prob(Omnibus) : 0.000 Jarque-Bera (JB): 17918.504
Skew: 1.517 Prob(JB): 0.00
Kurtosis: 9.829 Cond. No. 8.60e+03
Notes:

[1] R2 is computed without centering (uncentered) since the model does not contain a constant.
[2] Standard Errors assume that the covariance matrix of the errors is correctly specified.
[3] The condition number is large, 8.6e+03. This might indicate that there are

strong multicollinearity or other numerical problems.

Figure 4-37 - Backward stepwise regression model with 7 variables

The results are quite similar to the ones from the forward stepwise regression model. Comparing to the
previous model, the R? only improved by 0.1%. The location of the property, given by the parish code
and the condition of both the building and the apartment remain some of the most important features in
predicting property values. The BRD calculated to a type 1 earthquake (BRD_PROXIMO) also appears
to be as one of the determining factors in this model, however the same rationale applied in the previous
regression can be applied to this one. The BRD for the two different types of seismic hazards are very
alike, showing a correlation of 0.99. Thus, as expected, its relationship with the building condition (-0.42)
The distance to the CBD (POI_CBD), to the nearest
highway (POI_AcRodo) and private high schools (POI_ESPriv) are also selected by the model as

and construction year (-0.76) is very similar.

predictors.

Although the residuals plot (Figure 4-38) shows signs of heteroskedasticity, it should be noted that the
backward stepwise regression presented less variance of residuals than the forward version. This is
clear by analyzing the coefficients of variation (CoV) of both regressions, with the former presenting a
lower CoV than the latter.
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Figure 4-38 - Residuals plot from backward stepwise regression

4.3. R1: Revealed Preferences Regression

This section will detail the final regression models built for the revealed preferences (RP). It will cover
PooledOLS regression, fixed-effects regression models, multivariate adaptive regression splines
(MARS) and extreme gradient boosting trees (XGBoost).

As mentioned in section 3.4, in order to minimize the possible effects of MAUP, the analysis is developed

on three different levels:

1. Raw data with no aggregation and no information on location.
2. Aggregation of data using the old parishes of Lisbon (prior to 2013).

3. Aggregation of data using the current parishes of Lisbon.

Based on the results of the EDA (section 4.1), it was possible to conclude that the following variables
should be considered in the model: 1) building’s condition (BULDING2); 2) apartment’s condition
(APARTMENT1); 3) location based on the parish code (PARISH_COD); 4) area (AREA); and 5) the
number of floors (FLOOR). Furthermore, given the purpose of this work, the BRD for type Il earthquake
(BRD_PROXIMO) is also considered.

The analysis starts by modelling the raw data using a FGLS regression and a PooledOLS regression
models. Given that information based on location is to be excluded, the parish code will not be taken

into account in these two approaches.

128



4.3.1. Feasible Generalized Least Squares

In this first approach, the author will be using each observation as independent. Heteroscedasticity will
be controlled for by using heteroskedasticity consistent estimators (HCO) for covariance. The results are
as follows'”s (Figure 4-39):

GLS Regression Results

Dep. Variable: NORMALIZED R-squared: 0.142
Model: GLS Adj. R-squared: 0.142
Method: Least Squares F-statistic: 258.2
Date: Wed, 07 Sep 2022 Prob (F-statistic): 6.8le-256
Time: 16:23:37 Log-Likelihood: -5925.2
No. Observations: 7702 AIC: 1.186e+04
Df Residuals: 7696 BIC: 1.190e+04
Df Model: 5
Covariance Type: HCO

coef std err z P>|z| [0.025 0.975]
const 0.1241 0.035 3.503 0.000 0.055 0.194
BUILDING_2 0.1773 0.013 13.340 0.000 0.151 0.203
APARTMENT1 0.1735 0.009 18.797 0.000 0.155 0.192
AREA 0.0001 0.000 0.866 0.386 -0.000 0.000
FLOOR 0.0143 0.003 5.224 0.000 0.009 0.020
BRD_PROXIMO -0.0487 0.027 -1.774 0.076 -0.102 0.005
Omnibus: 3013.238 Durbin-Watson: 1.594
Prob(Omnibus): 0.000 Jarque-Bera (JB): 19782.704
Skew: 1.734 Prob(JB): 0.00
Kurtosis: 10.044 Cond. No. 775.

Notes:
[1] Standard Errors are heteroscedasticity robust (HCO)

Figure 4-39 - Results for Feasible Generalized Least Squares

This model presents an adjusted R? of 14.2%. All signs are according to the expected, with the building
condition (BUILDING_2), the apartment’s condition (APARTMENT1), the area (AREA) and floor number
(FLOOR) contributing positively to increase the property value. However, it is noticeable that the AREA
variable presents a p-value larger than 5%, which means there is no statistical evidence that this
coefficient is truly different from zero (not null). On the opposite side, there is a negative contribution of
the BRD, which would be according to the initial expectations, however, we should note that, given its

p-value of over 5%, it is not possible to reject the null hypothesis of a null coefficient.

Even after using heteroskedasticity consistent estimators, to control for heteroskedasticity, it was not
possible to eliminate it completely from the residuals (see Figure 4-40). But this is not unexpected and

it is intrinsic to the data. The most expensive houses per unit area attract a type of clients with lower

75 Note that, despite the identification of entities and time periods, none were identified during the regression, making it a
PooledOLS regression model
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budget restrictions, allowing them to make decisions considering a wider range of factors, some very

specific and personal (e.g., location close to family members) that are not captured in the database.

Residuals

1.0 1.2 1.4
Predicted Values

Figure 4-40 - Residuals plot resulting from FGLS regression

0.4 0.6 0.8

It is noticeable that the residuals variance is not constant across the price spectrum (i.e. “funnel errors”)
which may result from misspecification of the heteroscedasticity type. This means that it may result from
factors not being accounted for in this model. Thus, although asymptotically consistent, it is not possible
to guarantee the coefficient generated by FGLS to be unbiased, hence not BLUE. According to the
literature, the potential for misspecification of the form of heteroskedasticity is pointed as one of the
reasons limiting the use of FGLS in applied research (Miller & Startz, 2018). This could be one of these

cases.
4.3.2. PooledOLS

This second model controls for heteroscedasticity by using White's covariance estimator'’®. The results

are as presented in Figure 4-41'77,

78 Heteroskedastic robust covariance matrix
77 Note that, despite the identification of entities and time periods, none were identified during the regression, making it a
PooledOLS regression model
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PooledOLS Estimation Summary

Dep. Variable: NORMALIZED R-squared: 0.1175
Estimator: PooledOLS R-squared (Between): 0.1967
No. Observations: 522 R-squared (Within): 0.1027
Date: Wed, Sep 07 2022 R-squared (Overall): 0.1175
Time: 15:48:32 Log-likelihood -172.51
Cov. Estimator: Robust
F-statistic: 13.739
Entities: 53 P-value 0.0000
Avg Obs: 9.8491 Distribution: F(5,516)
Min Obs: 2.0000
Max Obs: 11.000 F-statistic (robust): 10.887
P-value 0.0000
Time periods: 11 Distribution: F(5,516)
Avg Obs: 47.455
Min Obs: 42.000
Max Obs: 51.000
Parameter Estimates
Parameter Std. Err. T-stat P-value Lower CI Upper CI
const 0.1564 0.1359 1.1508 0.2503 -0.1106 0.4235
BUILDING_ 2 0.1881 0.0446 4.2187 0.0000 0.1005 0.2756
APARTMENT1 0.1015 0.0331 3.0676 0.0023 0.0365 0.1664
AREA -0.0001 0.0006 -0.1792 0.8579 -0.0013 0.0011
FLOOR 0.0326 0.0135 2.4083 0.0164 0.0060 0.0592
BRD_PROXIMO 0.1814 0.1263 1.4359 0.1516 -0.0668 0.4295

Figure 4-41 - Results from PooledOLS regression with robust estimation of covariance matrix

Looking at the results, the negative coefficient of the AREA variable is not surprising. It is well known
that a larger apartment would be more valuable than a smaller one, all other features remaining equal,
on an absolute value basis'’®, but less valuable on a square metre basis. However, it is noteworthy that
the p-value on this variable is significantly larger than 5%, standing at 85%. In the case of the variable
concerning the BRD for a type | seismic action a negative coefficient was expected, signaling that the
less vulnerable a property was to earthquakes, the more valuable it would be. However, its p-value also
is larger than 5%, standing at 15%, which means there is no statistical significance on this coefficient.
In other words, it is not possible to prove that this explanatory variable affects the dependent variable.

The residuals analysis presented better results than the previous FGLS model, as per Figure 4-42.

78 Not necessarily in a price per square metre basis
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Figure 4-42 - Residuals plot resulting from PooledOLS regression

Despite some visual evidence of “funnel errors”, the author decided to carry out a White- and a Breusch-
Pagan-test. Both test the null hypothesis that “homoscedasticity is present” against the alternative
hypothesis that “homoscedasticity is not present” (i.e. heteroscedasticity exists). The White-test output
was a test statistic of X? = 91.68 and a p-value of 1.82x10', while the Breusch-Pagan-test yielded a
test statistic of X2 = 22.78 and a p-value of 1x10. Both tests presented a p-value significantly less than

5%, rejecting the null hypothesis of homoscedasticity.
4.3.3. Fixed-Effects

This section will describe the results of applying fixed-effects regression. The analysis starts by the
smallest feasible area of real estate data in the database, the old parishes. The results are shown in
Figure 4-43.

The results show a R? of 18.86%, and all variables present the expected signs, except the area (AREA)
variable. However, it should be noted that neither the floor number (FLOOR) nor the area (AREA)
present p-values of less than 5%, hence should be discarded from the analysis, given the absence of

statistical proof of their impact on the dependent variable.
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PanelOLS Estimation Summary

Dep. Variable: NORMALIZED R-squared: 0.1886
Estimator: PanelOLS R-squared (Between): -0.4769
No. Observations: 522 R-squared (Within): 0.1886
Date: Wed, Sep 07 2022 R-squared (Overall): -0.0156
Time: 17:33:44 Log-likelihood -65.261
Cov. Estimator: Robust

F-statistic: 21.566
Entities: 53 P-value 0.0000
Avg Obs: 9.8491 Distribution: F(5,464)
Min Obs: 2.0000
Max Obs: 11.000 F-statistic (robust): 11.809

P-value 0.0000
Time periods: 11 Distribution: F(5,464)
Avg Obs: 47.455
Min Obs: 42.000
Max Obs: 51.000

Parameter Estimates
Parameter Std. Err. T-stat P-value Lower CI Upper CI

const 0.5976 0.1284 4.6542 0.0000 0.3453 0.8500
BUILDING_2 0.1593 0.0425 3.7498 0.0002 0.0758 0.2427
APARTMENT1 0.0780 0.0321 2.4255 0.0157 0.0148 0.1411
AREA -0.0009 0.0007 -1.2500 0.2119 -0.0022 0.0005
FLOOR 0.0225 0.0125 1.8023 0.0722 -0.0020 0.0471
BRD_PROXIMO -0.4365 0.1343 -3.2493 0.0012 -0.7005 -0.1725

F-test for Poolability: 4.5349
P-value: 0.0000

Distribution: F(52,464)
Included effects: Entity

Figure 4-43 - Results of the first FE model for old parishes

A second model was built using the number of floors in the building instead of the apartment’s area and
floor number. The results show R?increased by 0.27%, as per Figure 4-44. All signs are according to

the expected, and all variables achieved a p-value of less than 5%.

PanelOLS Estimation Summary

Dep. Variable: NORMALIZED R-squared: 0.1913
Estimator: PanelOLS R-squared (Between): -0.5156
No. Observations: 522 R-squared (Within): 0.1913
Date: Wed, Sep 07 2022 R-squared (Overall): -0.0307
Time: 18:43:34 Log-likelihood -64.378
Cov. Estimator: Robust

F-statistic: 27.502
Entities: 53 P-value 0.0000
Avg Obs: 9.8491 Distribution: F(4,465)
Min Obs: 2.0000
Max Obs: 11.000 F-statistic (robust): 13.832

P-value 0.0000
Time periods: 11 Distribution: F(4,465)
Avg Obs: 47.455
Min Obs: 42.000
Max Obs: 51.000

Parameter Estimates
Parameter Std. Err. T-stat P-value Lower CI Upper CI

const 0.5149 0.1215 4.2370 0.0000 0.2761 0.7538
BUILDING_2 0.1559 0.0419 3.7189 0.0002 0.0735 0.2383
APARTMENT1 0.0768 0.0323 2.3757 0.0179 0.0133 0.1404
BRD_PROXIMO -0.4273 0.1310 -3.2633 0.0012 -0.6847 -0.1700
BUILDING_F 0.0144 0.0048 3.0073 0.0028 0.0050 0.0237
F-test for Poolability: 4.7010

P-value: 0.0000
Distribution: F(52,465)

Figure 4-44 - Results of the second FE model for old parishes
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In order to test for spatial autocorrelation of the error term, the author calculated the average error of
each parish and plotted its spatial distribution (see Figure 4-45). The parishes of Santos-o-Velho, Pena
and S&do Vicente de Fora presented the larger average errors, while Sacramento, Sdo Nicolau and

Castelo reported the smaller error terms.

38.80

38.78

38.76

38.74

38.72

38.70

—9.22 -9.20 -9.18 -9.16 —9.14 -9.12 -9.10

Figure 4-45 - Spatial distribution of average errors (Fixed-Effects model, old parishes)’”®

A Global Moran-I to the regression residuals was carried out and obtained a test statistic of -0.037 and
a p-value of 0.463, which means that it failed to reject the null hypothesis at 5% significance level. This
means that the spatial distribution of errors does not follow a spatial pattern and might be randomly
distributed across space. Thus, one might assume there is no spatial autocorrelation of the error term,

proving the validity of the results.

Next, the data was grouped according to the new parishes. The redistribution to 23 parishes led to a
larger spatial aggregation in most cases. A model similar to the one firstly built with the old parishes was

developed first. The results are shown in Figure 4-46.

7 Parishes: 00 - Ajuda; 01 — Alcantara; 02 - Alto do Pina; 03 — Alvalade; 04 — Ameixoeira; 05 — Anjos; 06 — Beato; 07 — Benfica;
08 - Campo Grande; 09 — Campolide; 10 — Carnide; 11 — Castelo; 12 — Charneca; 13 - Coragao de Jesus; 14 — Encarnagao; 15
— Graga; 16 — Lapa; 17 — Lumiar; 18 — Madalena; 19 - Martires; 20 — Marvila; 21 — Mercés; 22 - Nossa Senhora de Fatima; 23 —
Pena; 24 - Penha de Francga; 25 — Prazeres; 26 — Sacramento; 27 - Santa Catarina; 28 - Santa Engracia ; 29 - Santa Isabel; 30 -
Santa Justa; 31 - Santa Maria de Belém; 32 - Santa Maria dos Olivais; 33 — Santiago; 34 - Santo Condestavel; 35 - Santo Estévao;
36 - Santos-o-Velho; 37 - Séo Cristévao e Sao Lourengo; 38 - Sdo Domingos de Benfica; 39 - Sao Francisco Xavier; 40 - Sao
Jodo; 41 - Sado Joado de Brito; 42 - Sao Jodo de Deus; 43 - Sao Jorge de Arroios; 44 - Sao José; 45 - Sdo Mamede; 46 - Sao
Miguel; 47 - Sao Nicolau; 48 - Sdo Paulo; 49 - Sdo Sebastido da Pedreira; 50 - Sao Vicente de Fora; 51 — Sé; 52 - Socorro
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PanelOLS Estimation Summary

Dep. Variable: NORMALIZED R-squared: 0.0849
Estimator: PanelOLS R-squared (Between): -0.2314
No. Observations: 238 R-squared (Within): 0.0849
Date: Wed, Sep 07 2022 R-squared (Overall): -0.0491
Time: 22:33:24 Log-likelihood 73.788
Cov. Estimator: Robust
F-statistic: 3.8966
Entities: 23 P-value 0.0021
Avg Obs: 10.348 Distribution: F(5,210)
Min Obs: 7.0000
Max Obs: 11.000 F-statistic (robust): 3.2844
P-value 0.0071
Time periods: 11 Distribution: F(5,210)
Avg Obs: 21.636
Min Obs: 19.000
Max Obs: 23.000
Parameter Estimates
Parameter Std. Err. T-stat P-value Lower CI Upper CI
const 0.6622 0.1489 4.4465 0.0000 0.3686 0.9558
BUILDING 2 0.0754 0.0343 2.1998 0.0289 0.0078 0.1430
APARTMENT1 0.0517 0.0272 1.8978 0.0591 -0.0020 0.1053
AREA -0.0001 0.0009 -0.1197 0.9048 -0.0020 0.0017
FLOOR -0.0005 0.0124 -0.0416 0.9669 -0.0250 0.0240
BRD_PROXIMO -0.1771 0.1486 -1.1918 0.2347 -0.4700 0.1158
F-test for Poolability: 6.4121

P-value: 0.0000
Distribution: F(22,210)

Included effects: Entity

Figure 4-46 - Results of the first FE model for new parishes

As expected, the results are worse than the ones for old parish limits. The R? dropped from 18.86% to

8.49%, and only one variable was proven to be statistically significant in the model, showing a p-value

of less than 5% (BUILDING_2). The larger unit areas encircle vast heterogeneous areas of real estate,

with different products and dynamics, leading to worse model performance. A second model was also

built, using the same variables as with the old parishes (Figure 4-47).
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PanelOLS Estimation Summary

Dep. Variable: NORMALIZED R-squared: 0.1061
Estimator: PanelOLS R-squared (Between): -0.3336
No. Observations: 238 R-squared (Within): 0.1061
Date: Wed, Sep 07 2022 R-squared (Overall): -0.0787
Time: 22:43:35 Log-likelihood 76.573
Cov. Estimator: Robust

F-statistic: 6.2587
Entities: 23 P-value 0.0001
Avg Obs: 10.348 Distribution: F(4,211)
Min Obs: 7.0000
Max Obs: 11.000 F-statistic (robust): 4.7179

P-value 0.0011
Time periods: 11 Distribution: F(4,211)
Avg Obs: 21.636
Min Obs: 19.000
Max Obs: 23.000

Parameter Estimates
Parameter Std. Err. T-stat P-value Lower CI Upper CI

const 0.5946 0.1135 5.2382 0.0000 0.3708 0.8183
BUILDING 2 0.0838 0.0345 2.4294 0.0160 0.0158 0.1518
APARTMENT1 0.0498 0.0281 1.7707 0.0781 -0.0056 0.1052
BRD_PROXIMO -0.2070 0.1440 -1.4374 0.1521 -0.4908 0.0769
BUILDING_F 0.0113 0.0051 2.1901 0.0296 0.0011 0.0214
F-test for Poolability: 6.9629

P-value: 0.0000
Distribution: F(22,211)

Included effects: Entity

Figure 4-47 - Results of the second FE model for new parishes

Although it showed a slight improvement from the previous model, increasing the R? from 8.49% to

10.61%, it delivers a substantially poorer performance than the one developed for old parishes. Only
the building’s condition (BUILDING_2) and the total number of floors (BUILDING_F) are statistically

sound as positively impacting the normalized property prices. Figure 4-48 shows the spatial distribution

of error.
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Figure 4-48 - Spatial distribution of average errors (second Fixed-Effects model, new parishes)'®°

In this case, the Global Moran-I test rejected the null hypothesis at 5%, suggesting the presence of

spatial autocorrelation of errors.

The next step was to develop models based on the vulnerability values given by the year of construction
and the location of the building. A probability function at the level of the statistical subsection was used
to estimate the vulnerability given by the class, as described in section 3.7.5. In essence, the models’
previous build was replicated while replacing the BRD variable with an updated one with the new
vulnerability values (BRD_PROXIMO_POND). Itis important to note that it was only possible to estimate
vulnerabilities with the second approach for approximately half of the properties in the database. This
could result from the misplacement of buildings in the database, errors in the insertion of coordinates or
in the attribution of construction years. Hence, in order to have a larger pool of properties to model with,
it was assumed the other half (50.66%) to have the same vulnerability levels as calculated using the

methodology of Ferreira (2012).

180 1 - Santo Antdnio; 2 - Parque das Nagbes; 3 - Marvila; 4 - Ajuda; 5 - Areeiro; 6 - Santa Maria Maior; 7 - Alvalade; 8 - Belém; 9
- Estrela; 10 - Arroios; 11 - Santa Clara; 12 - Avenidas Novas; 13 - Carnide; 14 - Sdo Domingos de Benfica; 15 - Beato; 16 -
Campolide; 17 - Alcantara; 18 - Campo de Ourique; 19 - Sao Vicente; 20 - Olivais; 21 - Misericérdia; 22 - Lumiar; 23 - Penha de
Franga; 24 - Benfica;
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Table 4-7 summarizes the overall results. Each column represents a different set (two different sets) of

variables included in the model.

Table 4-7 - Regression results for FE models

BRD - First approach BRD - second approach
Old Parishes New Parishes Old Parishes New Parishes
const 0.597*** 0.519*** | 0.662*** 0.594*** [ 0.475*** 0.403*** | 0.578*** 0.484***
BUILDING_2 0.159*** 0.155*** [ 0.075** 0.083** |0.151*** 0.153*** [ 0.095*** 0.108***
APARTMENT1 0.078** 0.076** 0.051*  0.049* |0.112** 0.112**|0.052* 0.052*
AREA -0.001 - -0.0001 - -0.0005 -- 9.18e-5 -
FLOOR 0.022* - -0.0005 -- 0.020 - -0.012 -
BRD_PROXIMO -0.436**  -0.427*** |-0.177  -0.207 |- - - -
BRD_PROXIMO_POND | -- - - - -0.223** -0.221** | -0.0002 0.002
BUILDING_F - 0.014*** | -- 0.011*** | -- 0.014*** | -- 0.009*
Entities 53 53 23 23 52 52 23 23
Periods 11 11 11 11 11 11 11 11
R2 18.86% 19.13% 8.49% 10.61% | 20.48% 21.39% | 9.54% 10.57%
Spatial Autqcorrelation No No Yes Yes No No Yes Yes
of Residuals

*kk

p-value<1%; **p-value<5%; *p-value<10%

The analysis of the results allows concluding that the old parishes units are a better overall approach to
model data. This is consistent with the initial expectations as smaller spatial units allow for more
homogenous housing stock and real estate market dynamics. It is also possible to conclude that the
building’s and apartments’ condition, as well as the number of floors in the building, positively impact
the property value. With a more detailed BRD approach, the second approach seems to yield better
results in modelling property prices overall. Despite the significant impact of the BRD variables in the
old parishes’ models, this should be taken with due care, given the high correlation with the age of the
building, which may reveal a preference for newer buildings rather than a direct preference for a lower
vulnerability to seismic activity. Additionally, the area appears insignificant in the model, which would be
counterintuitive. However, one should note that the price per square metre is being used. Thus, this
normalization would already consider the area as it only shows that there is no significant difference in

prices per square metre across the number of rooms.

4.3.4. MARS

The next model to be developed was the Multivariate Adaptive Regression Spline (MARS). As explained
in section 3.9.1, this model is a good compromise between the explainability of linear regression models
and the adaptability to non-linear relationships. Following the previous fixed-effects model, the input
variables chosen were: BUILDING 2, APARTMENT1, AREA, FLOOR, BRD_PROXIMO, and
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BUILDING_F (Table 4-8). However, BRD_PROXIMO_POND was not used in this case due to the more

significant number of missing values. Thus, it was opted out of this model.

Table 4-8 - Results of MARS model

Basis Function | Pruned | Coefficient
(Intercept) No -3.255
APARTMENT1 No 0.175
BUILDING_2 No 0.175
h(AREA-49.31) No 0.005
h(49.31-AREA) Yes None
FLOOR No 0.017
h(AREA-388.12) No -0.011
h(388.12-AREA) No 0.010
h(AREA-74.16) No 0.006
h(74.16-AREA) Yes None
h(AREA-163.22) No -0.001
h(163.22-AREA) Yes None
BRD_PROXIMO No -0.061

All the variables but the AREA were considered significant to the model (not pruned'®'). The AREA
variable was excluded from the model for values between 49.31m?and 74.16m? and between 163.22m?
and 388.12m?2. This could be the case as it is already accounted for in the normalized variable. For
interpretation, note that, in the case of the variables APARTMENT1, its coefficient means that a 1 unit
increase in the variables is expected to lead to a 0.175 increase in the response variables (the
normalized sale price, in this case). The results show that a better condition of the building and
apartment are the most critical variables considered by the market, contributing positively to the price
increase (0.175 each). The other variables proved to have a much lower impact on the target variable.
This model achieved a Mean Squared Error (MSE) of 0.2669, a R-squared of 16.09% and a Generalized
R-Squared'®? (GRSQ) of 15.59%.

81 Note that “pruning” means to change the model by deleting the child nodes of a branch node

82 GRSQ is an adjusted version of the R-squared that accounts for the complexity of the model. It penalizes models with more
basis functions and provides a more conservative estimate of the model's goodness of fit. Like the R-squared, GRSQ values
range from 0 to 100%, where 100% represents a perfect fit.
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4.3.5. XGBoost

The last type of model applied to the revealed preferences data was the Extreme Gradient Boosting
(XGBoost). Several tunings to the hyperparameters were performed, such as the number of trees and
the learning rate, to assess the model's sensitivity and the difference in results, creating four different

models. The maximum depth considered was 2.

All four models were built using a sub-sample of 75% as a training set and ten folds'® for cross-

validation. The results are shown in Table 4-9.

Table 4-9 - Results of XGBoost models

Parameters Regression 1 Regression 2 Regression 3 Regression 4
n_estimators 1000 500 100 100
learning_rate 0.08 0.08 0.08 0.04
sub_sample 75% 75% 75% 75%
Metrics Regression 1 Regression 2 Regression 3 Regression 4
RMSE 0.398 0.403 0.423 0.443
R2 Score 71.29% 70.38% 66.74% 62.55%
Cross Validation Regression 1 Regression 2 Regression 3 Regression 4
#Folds 10 10 10 10
Mean cross-validation 0.48 0.47 0.41 0.36

The R squared and the RMSE were the metrics selected to evaluate the accuracy of the models. The
difference in RMSE and R squared across the four models is significant, varying 11.30% and 8.74%,

respectively. However, the results obtained hint some takeaways:

1. From model 1 to model 2, the number of estimators was decreased leading to a lower R squared
and a higher RMSE, which may hint that the 1000 trees in the first model probably led to
overfitting. A lower number of estimators led to poorer results.

2. By reducing the learning rate from model 3 to model 4, both the R-squared value and the RMSE
were decreased, which means that the number of trees was probably not enough to improve
the results, given that a lower learning rate would require a higher number of steps (or

estimators) to converge to an optimal valued.

It is worth mentioning that the parameters defined for XGBoost Regression 1 were used to extract the
feature importance, previously mentioned.

83 A value of k=10 is very common in the field of applied machine learning for K-Fold Cross Validation
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Figure 4-49 shows a plot of the predicted and test values. The results are satisfactory, nonetheless the
model seems to present a larger error in the higher price segment, leading to a higher dispersion of

values.

Property normalized sale price - Test and Predicted data

y_pred

y_test

Figure 4-49 - Predictions model

4.4. R2 and R3: Stated Preferences Results

4.4.1. Survey Results

The first phase consisted of a validation stage with 15 respondents for one week, intending to test the
survey’s understanding. After the test period, it was possible to conclude that no significant issues were

found; only minor adjustments were needed (for example, one of the building periods was set as “1775
to 1880” instead of “1755 to 1880”, by mistake).

The survey reached 325 respondents for approximately one month (from March 7th to April 11th), of
which 75% identified as Lisbon residents. Considering the total respondents, it achieved a margin of
error of 5.44% for a 95% confidence interval.

A. Demographics

Most respondents identify as Lisbon municipality residents (74,7%), with the remaining living in its
neighboring municipalities within Lisbon’s Metropolitan Area, as per Figure 4-50. Approximately 50%
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are 2-to-3-person households (Figure 4-51). Thus, the sample's average household size'®* is 3.18,
slightly above Lisbon’s 2021 census value of 2.2.

mmm What is your household size?
030

025

0.1!
0.1
0.0!
0.00
- ~ - < n
"

Figure 4-50 - Lisbon residents in the sample (%). Figure 4-51 - Households by household size (%)
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According to the INE (INE, 2023), the gross reported income less personal income paid tax per
inhabitant in Lisbon for 2020 was 13.890€. Thus, for a family of 3.18 people, one could expect an annual
income of approximately 44.170€ or a monthly income of 3.155€. The sample’s average household
income is 3.123€ (Figure 4-53), which aligns with initial expectations. However, it should be noted that
this corresponds to average values, not to median ones, and that income distributions can be biased.
According to the report on the average monthly gross wage per worker, published by INE (2023), the
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Figure 4-52 — Respondents by gender (%) Figure 4-53 — Households by income class (%)

income distribution in the country is positively skewed (or right-skewed), with a high concentration of low
wages. Within the respondents, 48% of our respondents identify as female, 51% as male and only 1%
as other (Figure 4-52).

Regarding the age of respondents, most are younger than 55 (58%) (Figure 4-54). Compared with the
2021 census, the sample as a slight underrepresentation of the older population and an

overrepresentation of the younger class (Figure 4-55). This may result from the chosen survey

84 The author considered 5 as the mark in the “5 or more” class.
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distribution: an online survey reduces the biases in our sample (such as Interviewer and Social

Desirability biases), but also excludes older and “info excluded” individuals.

2

W

= 16t034 w35to54 = Morethan55 m16to34 m35to54 = Morethan55

Figure 4-54 — Respondents by age (%) Figure 4-55 —Lisbon residents by age, according to

the 2021 census (%). Source: PORDATA
Regarding marital status, 47% of respondents are married, 40% are single, 7% are divorced and 5%
claim other statuses (Figure 4-56). In addition, 37% of respondents have children (under 18 years old)

living in their dwelling (Figure 4-57).

= Married = Single = Divorced Other mNo = Yes
Figure 4-56 — Marital status of respondents (%) Figure 4-57 — Respondents with children (under 18 years

old) living in their dwelling (%)

Most respondents are highly educated: 39,81% hold a bachelor’s degree, 44,13% a master’'s degree,

5% hold a PhD, and 0,3% only concluded elementary school (Figure 4-58).

mmm What is your education level?
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Figure 4-58 - Education level of respondents (%)
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Figures Figure 4-59 and Figure 4-60 show the spatial distribution of respondents.
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Figure 4-60 - Spatial distribution of respondents in Lisbon's municipality.

Table 4-10 shows the number of inhabitants and population percentage per the 2021 census and
compares it with the survey’s sample. Notably, it is achieved a slight overrepresentation of parishes

such as Avenidas Novas and Campolide and an underrepresentation of others like Marvila and Arroios.
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Table 4-10 - Analysis of respondents by parish (census vs survey sample)

Parish No. Inhabitants | %Population cg;ﬁ:?:g?zizg Responses | %Sample
Ajuda 14313 2.62% 10 6 2.97%
Alcantara 13852 2.54% 10 1 0.49%
Alvalade 33313 6.10% 23 16 7.92%
Areeiro 21167 3.88% 15 7 3.46%
Arroios 33307 6.10% 23 6 2.97%
Avenidas Novas 23261 4.26% 16 20 9.90%
Beato 12185 2.23% 9 2 0.99%
Belém 16549 3.03% 12 10 4.95%
Benfica 35367 6.48% 25 15 7.42%
Campo de Ourique 22146 4.06% 16 6 2.97%
Campolide 14794 2.71% 10 21 10.39%
Carnide 18029 3.30% 13 9 4.45%
Estrela 20308 3.72% 14 8 3.96%
Lumiar 46338 8.49% 33 24 11.88%
Marvila 35482 6.50% 25 2 0.99%
Misericordia 9660 1.77% 7 1 0.49%
Olivais 32184 5.90% 23 6 2.97%
Parque das Nacoes 22382 4.10% 16 6 2.97%
Penha de Franga 28485 5.22% 20 5 2.47%
Santa Clara 23650 4.33% 17 8 3.96%
Santa Maria Maior 10052 1.84% 7 1 0.49%
Santo Antonio 11062 2.03% 8 5 2.47%
Sao Domingos de Benfica 34081 6.24% 24 14 6.93%
Séao Vicente 13956 2.56% 10 3 1.48%

In sum, a significant sample’s portion comprises highly educated young adults living in Lisbon and with

an average household monthly income of around two to three thousand euros.

B. Housing

The second section of the survey regards housing. Most respondents are homeowners (70%), 26% are
private market renters, and only 1% are public market renters (Figure 4-61). According to the Lisbon
Municipality (CML 2023), the city has roughly the same proportion of renters and homeowners (120.188
renters and 121.884 resident homeowners). Thus, one can conclude that our sample is slightly biased
towards homeownership status. 76% of renters claim to pay a monthly rent below 1000€, and only 7%
pay more than 1500€ (Figure 4-62).
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Figure 4-61 - Respondents by housing tenure (%) Figure 4-62 - Respondents by monthly rent class (%)

The average estimated property value was 544 690€: 43% of respondents estimate their apartment
value to be between 250 000€ and 500 000<€, followed by 100 001€ to 250 000€ (20%) and 500 001€
to 750 000€ (18%); 15% estimate it to be over 750 000€ and only 2% estimate it to be less than 100 000€
(Figure 4-63)'85. Regarding the number of rooms, most respondents live in 2 and 3-bedroom apartments
(Figure 4-64).

mmm What is your best estimate for your apartment's valuation? 035 mmm How many bedrooms does your property have?

02

015

010
01

005
00 | NN

Figure 4-63 - Estimates of property valuation (%) Figure 4-64 - Number of rooms (%)
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Regarding the property’s area, 71% of respondents estimate it to be between 51 and 150 m?, which is
in line with the median area of 95 m? of family accommaodation sold in Portugal (INE 2019, p. 252) (Figure
4-65), which gives us an estimated average area of 116,94 m?. Dividing the average estimated property
valuation by the average estimated area, we get 4655€/m?, which aligns with expectations. For
reference, as of March 2023, according to the real estate intelligence company Alfredo Al, the average
price for a property in Lisbon is 4469€/m?. Furthermore, half the respondents live in a building less than
six stories high (Figure 4-66).

85 For comparison, as of March 2023, according to the real estate intelligence company Alfredo Al, the average sale price for
Lisbon Municipality stands at 410.000€ or 4469€/m? (see https://alfredo.pt/price-index ). Note that, since 2014, INE only provides
median banking valuation values at the municipal level.
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040 W What is your best estimate for your property’s area? mmm How many floors does your building have?
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Figure 4-65 - Estimated useful area by class (%) Figure 4-66 - Number of stories in the respondent’s
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building by class (%)
Most respondents (64%) knew the construction year of their buildings. As expected, this was the case
with newer buildings. Based on the respondents who knew the construction year of their building, the
mean corresponds to 1986 and a the median to 1991 (Figure 4-68). To those who did not, it was asked
an estimated year range, which corresponded to older buildings, with most respondents (63%) pointing
to an estimated construction year between 1930 and 1985 (Figure 4-67).

040 mmm What is your best guess for the construction year of your building?
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Figure 4-67 - Estimated construction year by class (%) Figure 4-68 - Histogram of construction years

C. Perception and action towards risk

In this section, the perception and action towards risk are under analysis. The first question asked the
respondents to order five risks to their dwellings by the level of importance: earthquakes, home
robberies, fires, floods and others. A value between 1 and 5 was attributed to each risk, corresponding
to scale from a low-concern to a high-concern risk. Earthquakes achieved an average of 3.74, followed
by fires (3.64), home robberies (3.21), floods (2.55) and others (1.87) (Figure 4-69). Notably, no
significant differences were seen in results across marital status, size and income of the household,
education level, age, gender, or the existence of children in the dwelling. However, there is a difference
between Lisbon residents and others. The former's top concern is earthquakes, while the Ilatter
mentioned home robberies as their top concern. These results should be interpreted in light of the
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context lived in when the survey was carried out. On February 6™, 2023, a 5.2 magnitude earthquake
caused thousands of fatalities in Turkey and Syria, having significant news coverage, which led to a
nationwide discussion on the seismic risk of the city of Lisbon. This coverage, however diminishing over
time, was still present during March and April as the survey was being carried out'® and may have led

to “salience bias” caused by an out-of-market event.
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Figure 4-69 - Average importance score by risk type

Figure 4-70 shows the prevailing risk perceived by each parish'®’.

Earthquakes
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Figure 4-70 - Spatial distribution of the mode of top risk perceived by respondents.188

186 For reference, please see https://observador.pt/2023/03/06/sismo-na-turquia-e-siria-e-o-pior-desastre-na-europa-num-seculo/
and https://expresso.pt/sociedade/2023-04-15-Turquia-dia-1-do-diario-do-epicentro-resiliencia-sismica-d94aac2e

87 Note that the sample size may not be statistically significant for some parishes. Nevertheless, it is interesting to note that
Alcantara, the only parish to have floods as their top concern, was also one of the most affected by the floods of December 2022.
Therefore, it may hint at the existence of salience bias. For reference, please visit https://sicnoticias.pt/meteorologia/2022-12-08-
Alcantara-e-uma-das-zonas-mais-afetadas-pelas-inundacoes-06458768

88 Home robberies (dark blue), fires (red), floods (pink) and earthquakes (light blue). Note that, in the face of the small sample
size, the results may not be statistically significant. For the entire sample size used for each parish, please refer to Table A.7 12.
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Table 4-11 shows a set of 9 statements aiming to evaluate the perception and action towards risk. A
colour grade has been used to enhance the visual interpretation of results, highlighting from red to green

the percentage of respondents.

The first statement intends to evaluate the necessity to protect their home. The results align with initial
expectations, revealing that 83% of respondents agree that their home is their priority after their families’
safety. Next, the fatalistic attitude towards different risks was assessed: home robberies and
earthquakes. This tried to evaluate their perception of how their attitudes may change their vulnerability
to risk. Notably, while fatalism is not significant in home-robberies, opinions are divided regarding
earthquakes, with a slight inclination for a fatalistic attitude. This reveals that people may feel it is out of
their hands to take any action that significantly decreases their vulnerability. The next phase measured
people’s expectations towards the city council/civil parish in risk mitigations. Interestingly, most
respondents believe that local government institutions can lessen the effects of floods and earthquakes
by taking action to minimize risk. The following two statements address the central government and
insurance companies. The results hint at a lack of trust towards both types of institutions, revealing
people’s disbelief in the ability of the government to take care of the response to disaster situations and
a distrust of insurance institutions to cover their needs in the aftermath of an earthquake. The last two
statements evaluate the trust in building codes and professional practices. In both cases, we can see

an unfamiliarity with building codes and practices, with most respondents not agreeing or disagreeing.

Table 4-11 - Statements on risk perception in their original order

Statement Strongly disagree S:;:’:::‘ ":‘::I::::: Somewhat agree| Strongly agree
Following the safety of my fa::.ll)s ;I:;:;ety of my home is my number 0% 4% 13% 56% 27%
If my home is going to be robbed, there isn’t much I can do about it 12% 55% 18% 12% 3%
If floods are going to occur, there is not.much my city council/civil parish 28% 42% 10% 6% 3%
can do to lessen its effects
If an earthquake is going to ::,:2:1:1.;:::'::’ and there isn’t much that | % 27% 18% 35% 1%
If an earthquake is gmn‘g to occur, there is rTot much my city council/civil 26% 24% 17% 10% 3%
parish can do to lessen its effects
If an earthquake is going to occur, the government will take care of me 31% 39% 19% 9% 2%
If an earthquake is going to occur, my insurance policy will take care of me| 15% 35% 27% 19% 3%
My building is safe against earthquakes 11% 24% 40% 2% 2%
All recent buildings are safe to e::::suakes due to restrictive building 10% 29% 38% 219% 2%

Crossing this information with the demographic data provides some insights on the differences of
perception. As shown in Figure 4-71, people living in older buildings tend to disagree with the statement
“My building is safe against earthquakes” showing that, on average, people have a good understanding
that older building may have a higher degree of vulnerability to earthquakes. This is especially significant
on people who estimate their building construction year to be between 1755 and 1880 and between
1930 and 1985.
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Figure 4-71 - Perception of building vulnerability to earthquake risk by estimate of construction year.18?

The analysis also reveals a tendency to believe that a more expensive apartment should be less
vulnerable to earthquakes. However, this is not always the case. Newer buildings may be subjected to
more restrictive codes and have a higher market valuation, but the value (by itself) should translate into
less vulnerability (Figure 4-72).
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Figure 4-72 - Perception of building vulnerability to earthquake risk grouped by estimate of property market value.190
Evaluating the perception of risk with the level of education, reveals that higher educated people tend

to be more aware of their buildings’ vulnerability. This is especially noticeable from bachelors to master’s
degree, and from master’s to PhD (Figure 4-73).

189 percentage of responses: Strongly disagree (dark blue), disagree (orange), neither agree or disagree (green), agree (red) and
strongly agree (purple)
190 percentage of responses: Strongly disagree (dark blue), disagree (orange), neither agree or disagree (green), agree (red) and
strongly agree (purple)

150



05 My building is resistant to earthquakes.
= Strongly Disagree

mm Disagree

mmm Neither Agree nor Disagree
. Agree

mmm Strongly Agree

04

Percentage
=]
w

=)
N

01

0.0

High School
Bachelor
Master

PhD

What is your education level?

Figure 4-73 - Perception of building vulnerability to earthquake risk grouped by education level. 191

The analysis of the perceived vulnerability by gender, age, income and marital status revealed no
significant differences across groups.

Most respondents have experienced an earthquake (67%), and most homeowners have earthquake
insurance (55%) (Figure 4-74 and Figure 4-75, respectively). This significantly exceeds the national
average of 16% of earthquake insurance coverage'®?. Notably, respondents who experienced an
earthquake are not significantly more willing to buy earthquake insurance (only 55,5% of respondents
who experienced an earthquake have insurance against it, a 0,5% increase from people who did not
experience such an event). This might be the case due to Lisbon's lower magnitude of earthquakes in
recent years. However, some respondents also provided feedback, saying that the extra cost could have
been more affordable, leaving informed homeowners without insurance coverage. Others said that the

newer restrictive building codes made them feel secure and with no need to pay the extra cost.

O

= Yes = No = Yes = No

Figure 4-74 - People who experienced an earthquake (%)  Figure 4-75 - Homeowners with earthquake insurance (%)

91 Elementary school level was excluded from this analysis due to the small number of respondents. Percentage of responses:
Strongly disagree (dark blue), disagree (orange), neither agree or disagree (green), agree (red) and strongly

92 For reference, see the interview to the President of the Portuguese Association of Insurers (APS — Associagdo Portuguesa de
Seguradores), José Galamba de Oliveira, available at the following link: https://www.sabado.pt/ultima-hora/detalhe/so-16-das-
habitacoes-tem-cobertura-de-risco-sismico-que-deve-ser-obrigatoria
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Of those paying for earthquake insurance, 46% pay up to 236€ annually, 27% pay between 236€ and
452€, 13% pay between 452€ and 668€ and only 14% pay more than 668€.

Table 4-12 shows some example of proposed mitigation measures, some of which should be followed
while others should be avoided. Respondents were asked to choose from the list, those which they
considered to be valid mitigation measures. Remarkably, most respondents identified “shelter against
an inside wall, or under sturdy furniture such as heavy desks or tables” and “Secure heavy objects to

walls and floors, such as shelves, bookcases, cabinets, and water heaters” as valid mitigation measures.

Table 4-12 - Proposed mitigation measures and percentage of respondents

Percentage of
Proposed Mitigation Measures respondents (%)
Secure heavy objects to walls and floors, such as shelves,
) 63,53%
bookcases, cabinets, and water heaters
In case of a seismic event, get into the elevator as soon as 0.3%
,07/0
possible to exit the building
In case of a seismic event, shelter against an inside wall, or
) 90,58%
under sturdy furniture such as heavy desks or tables
In case of a seismic event, shelter against an outside wall, or 3,049
s (]
near a window, so you can see what is going outside

D. Willingness to pay for mitigating measures

In this section the willingness to pay of respondents is evaluated. The first two questions evaluated the
willingness to pay for higher seismic resistance. The results show that 80% of respondents were willing
to pay more for a more resistant building to seismic events (Figure 4-76).

Of those who responded positively, 53% stated they would be willing to pay up to 5% more for a property
with a higher seismic resistance, 36% were willing to pay between 5% to 10% more and only 6% would
pay more than 15% (Figure 4-77).

= How much would you be willing to pay more for seismic resistance?
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Figure 4-76 - Respondents willing to pay more for building's Figure 4-77 - Increase in property price (%)
resilience (%)
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Of those who were not willing to pay for a more resilient property, 21% claimed they do not worry about
seismic risk, 20% say their building is already safe, 3% claimed that it would be a waste of money and
the remaining 54% claimed “other” reason. From the feedback received from respondents, some argued
that prices were already high enough and that they would not be willing to pay more. Some of the “other”

reasons enunciated by respondents were:

e “The decision to buy a more resistant property shouldn’t be on the buyers’ side; It should be
required by the municipality during the licensing process and it should not be a sole
responsibility of the design engineer”

o “Prices are already too high”

e “Buildings should already be safe”

e “Resistance should already be granted by the developer”

e “Seismic resistance should be already be accounted for in all new developments and

rehabilitation projects”

Itis noteworthy that the high prices, and the financial struggles to access housing, was the most common
justification. This is consistent with the existing literature (see, for reference, Pothon (2020)). Financial
struggles are also reflected on the willingness to accept a discount for a less resistant building (48%

agreed to have a discount).

When asked if they would be willing to pay for structural retrofitting of their building, 73% agreed (Figure
4-78). Some of those who disagreed did it due to the fact that their buildings are recent. Regarding the
value of this structural retrofitting, when asked as a percentage of the total property price, 57% said they
would be willing to pay up to 5% of the property value (for structural retrofitting), 30% would pay between
5% and 10%, and only 10% would be willing to pay more than 10%. When asked for an absolute value
they would be willing to pay, respondents provided a median value of 5.000€ and a mean of 10.304€
(Figure 4-79).

As mentioned in the literature review, some authors found differences in risk perception and willingness
to pay for mitigation measures across gender, age or educational and income levels. Thus, a cross-
analysis was carried out to assess the willingness to pay for structural retrofitting. No significant
differences were found across gender, with both male and female respondents showing a 75%
willingness to pay for structural retrofitting. Regarding marital status, married individuals were more likely
to pay (81%), followed by divorced (75%). Single individuals were the least likely to pay (63%).
Households with children were also more likely to pay (79%) than those without children living at home
(70%).
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Figure 4-78 - Respondents willing to pay for structural Figure 4-79 — Percentage of total property price that
retrofitting (%) respondents would be willing to pay for structural retrofitting

It is also possible to see a slight increase in the willingness to pay for structural retrofitting in wealthier
households (Figure 4-80). For example, households with a monthly income higher than 5000€ were 6%
more willing to pay for structural retrofitting than those earning between 2001€ and 3500€.
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Figure 4-80 — Respondents agreeing to pay for structural retrofitting (%), grouped by income level

Regarding the values they would be willing to pay, the data also shows that wealthier households are
willing to pay more for retrofitting (Figure 4-81). These observations align with the existing literature on
the relationship between willingness to accept risk and household wealth. As previously mentioned,
Asgary and Willis (1997b) showed that safety is a function of income and wealth. Hence higher-income
individuals are more willing to pay for additional safety measures. Thus, this relationship suggests the

existence of a utility function between safety and income.
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Figure 4-81 -Respondents willing to pay for structural retrofitting of their building (%), grouped by income
level.

The willingness to pay also varies across age groups, with older individuals being more willing to pay
for retrofitting. For example, 84% of individuals older than 55 agreed to pay, decreasing to 77% for ages
between 35 and 54 and to 64% for ages between 16 and 34. Regarding the age of the building, we see
a clear willingness to pay for households living in buildings pre-1960, with acceptance levels over 70%
(Figure 4-82).

08

Percentage
o © o o o o
N w - w o ~

o
-

=4
o

o (= o 2l (=3
© m i3 @ (=]
o« o = = o
= % a 3 ]
2 2 2 2 2
w o o (=] ol
w W m o w
~ «© = o o
5 = & & ]
3 E 3 3 3
s s s S s
£ £ £

fred fred
What is your best guess for the construction year of your building?

From 2000 to 2010

Figure 4-82 - Respondents willing to pay for structural retrofitting of their building (%), grouped by income
level.

Regarding the spatial distribution of willingness to pay for structural retrofitting, parishes such as

Carnide, Alvalade and Benfica seem to be some of the most receptive showing high percentages of
acceptance (Figure 4-83).
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The last question focused on the preferred way to pay for structural retrofitting. Of those who agreed to
pay for it, 64% would prefer to pay it as a direct payment to contractors, with tax benefits for the property
owner, 20% would pay it as a percentage of the municipal property tax (IMI), and only 16% would choose
a one-time payment to the municipality.

4.4.2. Regression Results

Before proceeding with building the regression model, the dataset was screened for outliers and extreme
responses. In total 9 variables were selected from the dataset: household size (categorical variable),
the existence of children under 18 in the household (binary), household income (categorical), gender
(binary'®*), age (categorical), education level (categorical), marital status (categorical), experience of a
previous seismic event (binary), the willingness to pay a premium for a less vulnerability building (binary)
and the willingness to pay for structural retrofitting (binary). The choice of the variables aimed to

characterize demographically each respondent (Table 4-13).

193 Note that, in the face of the small sample size, the results may not be statistically significant. For the entire sample size used
for each parish, please refer to Table A.0 12.

% Given the low percentage (1%) of respondents not identifying with male nor female genders, the author chose to remove the
records from the dataset, allowing this variable to be treated as binary, and eliminating the necessity to encode the variable. It is
should be mentioned that this decision was purely based on the practicality of including gender as a binary variable in the model,
despite the acknowledgment of non-binary identities.
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Table 4-13 - Set of chosen variables

. o Obtained from
Variable Description Type (Question)
tam_agg Household size Categorical A1
criancas Existence of children under 18 Bina A2

in the household Y ’

rendimento Household income Categorical A3

masculino Gender Binary A4

idade Age Categorical A5

estadoCivil Marital status Categorical A.6

educacao Education level Categorical A7

sismo_exp Exper;iri]scﬁigfee\l/g:’]?|ous Binary C.11
Willingness to pay for structural .

pag_reforco 9 retrcﬁ‘itzng Binary D.5
. Willingness to pay a premium .

pag_resil for a less vulnerability building Binary D.1

After the initial screening, household size, income and age and education level were converted into

ordinal numerical variables. As for the marital status variable, it was encoded into dummy variables

using python’s OneHotEncoder module (from scikit-learn library).

As mentioned in the methodology section, a binomial logistic regression was used. The variable

pag_resil, which concerns the willingness to pay to a premium for a less vulnerable, was chosen as the

dependent variable, and the remaining variables were selected as independent variables, with the

expection of pag_reforco, which was excluded from the model due to the high correlation with our target

variable. Only the “married” dummy variable was included to avoid redundancy. The results are shown

in Figure 4-84.
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Logit Regress

ion Results

Dep. Variable: pag_resil No. Observations: 301
Model: Logit Df Residuals: 292
Method: MLE Df Model: 8
Date: Tue, 02 May 2023 Pseudo R-squ.: 0.07166
Time: 18:07:23 Log-Likelihood: -136.95
converged: True LL-Null: -147.52
Covariance Type: nonrobust LLR p-value: 0.006776

coef std err z P>|z]| [0.025 0.975]
const -0.8970 0.715 -1.254 0.210 -2.299 0.505
tam_agg -0.0742 0.195 -0.381 0.703 -0.456 0.308
criancas 0.0219 0.465 0.047 0.962 -0.889 0.932
rendimento 0.4822 0.178 2.713 0.007 0.134 0.831
masculino -0.0349 0.312 -0.112 0.911 -0.647 0.577
idade 0.5808 0.246 2.363 0.018 0.099 1.063
educacao 0.2293 0.216 1.062 0.288 -0.194 0.652
sismo_exp 0.3466 0.319 1.086 0.277 -0.279 0.972
estadoCivil_ Casado -0.2664 0.324 -0.822 0.411 -0.902 0.369

Figure 4-84 - Results of first binomial logistic regression model

In this first model, only two variables proved to be statistically significant, showing a p-value lower than
5%: household income (rendimento) and age (idade). Thus, in the second model, only these two

variables were included. The results can be seen in Figure 4-85.

Logit Regression Results

Dep. Variable: pag_resil No. Observations: 301
Model: Logit Df Residuals: 299
Method: MLE Df Model: 1
Date: Tue, 02 May 2023 Pseudo R-squ.: 0.05818
Time: 18:08:23 Log-Likelihood: -138.94
converged: True LL-Null: -147.52
Covariance Type: nonrobust LLR p-value: 3.425e-05

coef std err z P>|z| [0.025 0.975]
rendimento 0.3645 0.061 5.987 0.000 0.245 0.484
idade 0.4733 0.214 2.215 0.027 0.055 0.892

Figure 4-85 - Results of second logistic regression model

The results show that both the household income and the respondents age have a positive effect on the
willingness to pay a premium for a less vulnerable property, being statistically significant in the model

for a significance level of 5%.

4.5. R3: Joint Regression Model

The joint regression model uses the data obtained from the survey to assess possible impacts on the
property values, as measured through the normalized transaction prices. Figure 4-86 shows the spatial

distribution of properties (in blue) and respondents (in red) living in Lisbon municipality. The green rings
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represent the limit of the area surrounding the respondents’ residence, considered to calculate the
average sale price. It represents a circle of 300 m in radius, or nearly 5 minutes walking. This distance

was chosen in order to capture the price dynamics of each neighborhood / local market.
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Figure 4-86 - Properties in the dataset (blue), survey respondents (red) and area limit (green)

A total of 11 respondents had no properties referenced in the database within a 300m radius (Figure
4-87).
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Figure 4-87 - Respondents with no properties within a 300 metres radius

Some of the responses to the statement in section C of the survey, regarding the respondents’

perception and action towards risk, were encoded into variables suitable to be used as inputs.

Responses were scaled from 1 to 5, where 1 corresponds to “completely disagree” and 5 to “completely

agree”. Table 4-14 shows their correspondence to the set of variables used.

Table 4-14 - Statements encoded as variables

building codes.”

Statement Corresponding variable
“If an earthquake is going to harm me, it will, and there isn’t stat1
much that | can do about it”
“If an earthquake is going to occur, there is not much my
. . ) » stat2
city/community can do to lessen its effects
“If an earthquake is going to occur, the government will take stat3
care of me.”
“If an earthquake is going to occur, my insurance policy will
» stat4
take care of me.
“My building is safe against earthquakes.” statd
“All recent buildings are safe to earthquakes due to restrictive staté

The heatmap in Figure 4-88 reveals little correlation between the responses, with the exception of three

cases:
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e Case 1- A correlation of 0.41 between stat5 and stat6. This may hint that the knowledge of the
construction activity can raise the awareness of vulnerability, leading to a strong correlation
between respondents who feel their building is secure and those who trust in enforcement and
restrictiveness of building codes to provide structural resilience;

e Case 2 - A correlation of 0.38 between sfat3 and stat4. This may be used as a proxy for the
trust (or distrust) shown by respondents in public and private institutions and in their ability to
handle a catastrophe, especially in the ability of municipalities and insurance companies to take
care of them and their families;

e Case 3 - A correlation of 0.33 between stat1 and stat2. This can be associated to fatalism,
showing a positive correlation between those who feel helpless to mitigate earthquake

consequences and those who believe there is not much local governments can do to mitigate
risks.

In addition, a positive correlation exists between another set of variables: household size (fam_agg), the
existence of children under 18 in the household (criancas), household income (rendimento) and marital
status (estadoCivil). This is expected as married couples are more likely to have a higher (combined)
household income as well as to have children. Having children will, naturally, lead to having children
living with them and to increase their household size.
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Figure 4-88 - Correlation heatmap

Based on the correlation analysis, a set of 4 independent variables was chosen to be included in the

regression: one variable for each case (1, 2 and 3) and one to serve as proxy for the socioeconomic
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situation. This was to minimize the collinearity between independent variables. In each case, within each
pair of variables, the author chose the one with the highest absolute value of correlation to the dependent
variable, the average sale price within a 300m radius. Stat1, stat3, stat5 and tam_agg were the chosen

input variables. The results were as follows (Figure 4-89):

OLS Regression Results

Dep. Variable: average_sale price_300m R-squared (uncentered): 0.805
Model: OLS Adj. R-squared (uncentered): 0.801
Method: Least Squares F-statistic: 211.7
Date: Wed, 24 May 2023 Prob (F-statistic): 1.36e-71
Time: 12:18:59 Log-Likelihood: -137.92
No. Observations: 209 AIC: 283.8
Df Residuals: 205 BIC: 297.2
Df Model: 4
Covariance Type: nonrobust

coef std err t P>|t| [0.025 0.975]
tam_agg 0.2964 0.011 26.662 0.000 0.274 0.318
statl -0.0069 0.028 -0.245 0.807 -0.063 0.049
stat4 -0.0254 0.032 -0.784 0.434 -0.089 0.039
stat5 -0.1076 0.034 -3.127 0.002 -0.175 -0.040
Omnibus: 0.434 Durbin-Watson: 1.408
Prob(Omnibus) : 0.805 Jarque-Bera (JB): 0.206
Skew: -0.045 Prob(JB): 0.902
Kurtosis: 3.124 Cond. No. 3.76

Figure 4-89 - Results of the joint regression

The results show that only the socioeconomic proxy (tam_agg) and the knowledge of the construction
sector (statd) have significance in the model, showing a p-value of less than 5%. This can hint that
neither fatalism nor the trust in the government and insurance companies has significant effect on
market values. It also hints that the demand in the market, and that property prices, are mostly defined
by the socioeconomic conditions of the household and not by their perception of risk. However, we may
note that the knowledge of the construction sector, and the belief in the correct enforcement of the best
building practices and inspection may also influence the decision-making process of households.
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5. Discussion

5.1. Overview

This section will further interpret and discuss the results presented in the previous section in light of the
three initial research sections:

4. R1: Do market values reflect a preference for properties less vulnerable to earthquakes?
5. R2: How do residents and investors in Lisbon perceive risk?

6. R3: Does their risk perception affect their willingness to pay for property?

The content will be divided into three sections, each addressing a research question. Each section will
present a summary of the findings, and a comparison to previous research. Throughout the discussion,
the focus will be on answering the research questions by considering their meaning, significance, and

limitations. Additionally, the chapter will conclude with suggestions for future research or analysis.

5.2. R1: Do market values reflect a preference for properties less vulnerable to

earthquakes?

The initial EDA has shown that the spatial distribution of property values overlays with the highest
building vulnerability and flooding risk, namely in the Misericordia, Santa Maria Maior, Campolide and
Avenidas Novas parishes. These are parishes central to the city, thus hinting that their location would
be one of the major factors contributing to their market value. A correlation analysis also showed that
the condition of the building (0.338), the condition of the apartment (0.336), the construction year
(0.277), the area (0.100) and the floor (0.099) are some of the variables showing the highest positive
correlations with the yearly normalized prices. This is consistent with the initial expectations as newer
and better-conditioned properties are more appealing to potential buyers, therefore, more valuable to
the market. Larger apartments are usually more expensive than smaller ones, and higher floors are also
most valuable since they enjoy less noise and pollution and often better views than lower floors. A
negative correlation of prices to the distance to the CBD (-0.163) also showed that location was a primary
factor being considered by the market. In order to avoid the Modifiable Unit Areal Problem (MAUP), the
raw values were used for the analysis with aggregation into old parishes (with smaller sizes, thus more
approximate to the ideal homogeneous units of analysis) and aggregation into new parishes (as defined
by Law n.° 56/2012). The results were consistent across all aggregation levels. A Building Resistance
Deficit (BRD) was calculated as a proxy of the building’s vulnerability based on its age, typology, location
and number of floors. The highest mean values of BRD are located in the parishes of Sdo Nicolau
(0.838), Madalena (0.721) and S&o Paulo (0.627), in the city centre, in some of the most expensive
downtown locations, next to the Tagus river. In sum, a first analysis hinted that the market is oblivious
to vulnerability, factoring in the location (especially the distance to the city centre), the condition of the
building and of the apartment itself. When aggregating in the new parishes, Santa Maria Maior (0.545),
Misericordia (0.464) and Santo Anténio (0.452), also located downtown, show the highest values of

BRD while showing some of the highest property values in the municipality. Prices generally
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demonstrated a spill-over pattern from the city centre to its outskirts, with no regard to seismic risk.
Parque das Nagdes, a newer wealthy neighbourhood, also demonstrated higher prices despite the
distance to the city centre. A PCA analysis revealed that a significant part of the data variance (25.46%)
could be explained by the first component which could be identified as being related to the proximity to
the river and the centrality, and by the second factor (19.26%) related to the condition of the building
and the dwelling itself. The following three components were also related to amenities nearby. The
feature importance analysis, carried out using an XGBoost algorithm, showed that the area, the
construction year, the floor number and the number of rooms were also the most important features
considered by the market. In this analysis the importance of the location was, again, highlighted with the
proximity of Parque das Nagbes being one of the most important features in the parish of Marvila, and
the proximity of Amoreiras (one of the business centres in Lisbon) and Avenidas Novas being one of
the decisive factors, pricewise, for properties located in Campolide. Regarding the selection of variables
for the regression analysis, a best subset selection and a stepwise regression were carried out. They
showed consistency with the previous findings, highlighting the importance of location and that newer
and better-maintained buildings are in higher demand presenting higher market values. These first
regression methods, here included in the EDA, also showed the heterocedasticity of errors, usually

found when modelling highly location-dependent values as property prices.

Next, four types of regression models, with different aggregation units and levels of complexity, were
built in order to explore the robustness of results: (1) Feasible Generalized Least Squares regression;
(2) PooledOLS; (3) Fixed-Effects; (4) Multivariate Adaptive Spline Regression (MARS); and (5) Extreme
Boosting Tree (XGBoost).

The first set of models (FGLS) showed that the building’s condition (BUILDING_2), the apartment’s
condition (APARTMENT1), the area (AREA) and the floor number (FLOOR) were the most important
variables, contributing positively to the property’s price. On the opposite side, the building resistance
deficit has shown to be negative, which would be according to our initial expectations; however, it was
not possible to prove its significance and reject the null hypothesis of a null coefficient given that its p-
value was lower than 5%. The results obtained from the PooledOLS model were aligned with the
previous findings; nonetheless, the area (AREA) showed a p-value larger than the 5% significance level.
The Fixed-Effects model, built for different aggregation levels, showed a negative coefficient for the
building resistance deficit (BRD_PROXIMO), and positive coefficients for the area (AREA) and floor
number (FLOOR). The best results were obtained for the old parishes aggregation level, showing no
spatial autocorrelation of the error term, thus showing the validity of the results. The best results were
achieved for the second model for old parishes (based on construction year and location), with an r-
squared of 21.39%, followed by the first model of new parishes, with the first approach of BRD
attribution, which is based on the construction year, with an r-squared of 10.61%. The MARS model
showed that the apartments’ condition and the floor number where the most important features to the

property price. Finally, the XGBoost model showed the highest r-squared value at 71.29%.
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The overall results were measured using the R-squared (RSQ), which measures the proportion of
variance in the dependent variable that the model can explain. In other words, it measures the goodness

of fit of our model. The comparison between our best models, for each type, can be found in Table 5-1.

Table 5-1- Best results obtained in each type of model

Metrics FGLS PooledOLS Fixed-Effects MARS XGBoost

R? 14.20% 11.75% 21.39% 16.09% 71.29%

In light of the results, it is possible to conclude that the market does not reflect a preference for properties
less vulnerable to earthquakes. However, it is worth notice that it presents a preference for newer, better
buildings, which may present less vulnerability, driven not by the concern of safety itself but by the
amenities offered the property, namely its condition and the proximity to high-value locations (e.g.

downtown city centre, proximity to the river or proximity to the CBD).

These results do not contrast with the existing literature. It is known that earthquakes typically damage
structural elements (beams, joints, panels, load-bearing walls, etc.) and non-structural elements
(partition walls, non-structural roofs, furniture, installations, equipment, etc.) and therefore, theoretically,
the increased vulnerability of a property should be accounted for in its pricing. As mentioned by Naoi et
al. (2009) “since an earthquake is an exogenous risk factor that is tied to a specific location, its risk
should be capitalized into local housing and land prices”. This is observable in various locations subject
to earthquake risk, such as Tokyo (Nakagawa et al. 2007), Iran (Willis and Asgary 2007) and California
(Brookshire et al. 1985). However, the literature also shows that most of these price-reduction effects
occur after the disclosure of risk information in high-seismicity locations (see, for instance, Naoi et al.
(2009)), and especially after in post-earthquake situations (as shown by Modica and Locati (2016)).
Traumatic events, such as earthquakes, have a profound effect not only on a person’s mental health
(leading to prolonged posttraumatic stress disorders, panic attacks, recurrent nightmares, and survivor-
guilt feelings (de la Fuente (1986), as cited in Dooley (1992); Wood et al., 1992)) but also in the market
as a whole, which is subject to the judgement of all stakeholders which, ultimately, culminates in its price
dynamics. Nevertheless, other authors have shown that the overestimation of seismic risk may even
lead to price reductions, or even slight increases, in post-earthquake periods if damages are less than
initially expected. It is primarily a question of individuals’ perceived vulnerability. Additionally, the
literature has shown that legislation did not significantly affect the housing market, as most appraisers
did not give any higher price on a comparable property in a lower-risk area (Palm (1990), as cited in
Nakagawa et al. (2007)).

There are several implications to these findings:

o Markets seem to be oblivious to the building’s vulnerability to seismic events. However, despite
its possibly low probability, municipalities must take a serious and structured approach to risk

communication. This should be done in proximity to the population, by disclosing hazard maps
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or risk indicators, and through education. Even if an event does not occur in the addressed
location, the effect of Out-Of-Market events may add the disclosed information, increasing
awareness and which should be translated into an increase in the perceived vulnerability of its
inhabitants, which, in its turn, should be reflected into the price.

e The results have shown that the building and apartment’s condition, as well as its area and
location, are some of the most important features taken into consideration by prospective
homebuyers during their decision process. Therefore, it should be mandatory for rehabilitation
projects to account for structural retrofitting, especially in a city where most residential buildings
were built before any seismic regulations. It should also translate into a higher degree of
inspection by the municipality during licensing and construction phases to ensure compliance
with the highest standards of buildings’ seismic performance. It is well known that Portuguese
municipalities struggle to respond timely to licensing requests, let alone the availability to have
tight surveillance over construction projects. However, it should be noted that people’s lives are
at stake and that any underestimation of seismic effects or lack of detail during the construction
process may lead to severe consequences.

¢ Buildings being built or rehabilitated in high-risk areas should be closely monitored by inspectors
due to their added layer of risk, given that miscalculations or lack of detail during the construction
process can be aggravated in these locations. Additional mitigation measures could also be
required for such locations, which should be explicitly defined in land-use municipal plans and
regulations.

e Municipalities should collaborate with insurance companies to define hazard maps that should
be reflected in the insurance premiums and coverage policies. These should also reflect the
structural vulnerability of the building, which insurers presenting lower premiums to less
vulnerable buildings, thus incentivizing private owners to invest in structural retrofitting.

e There should also be a collaboration between the municipality and the remaining real estate
stakeholders (such as real estate developers and brokers, appraisers, construction companies,
neighbours’ associations, academia and other public institutions). A seismic resilience
committee should be gathered to create and monitor policy proposals that align all the incentives
from various parts and foster the adaptation of mitigation measures. The results of each
measure should be thoroughly analyzed and iterated over to ensure the effectiveness of such
policies.

e Appraisers should also be encouraged to incorporate risk assessment into property valuation
processes to improve industry practices. Most residential properties are appraised using the
comparable method, where several features from comparable properties are taken into account.
A publicly available index for the buildings’ structural vulnerability could also be partly

incorporated into this valuation method.

This set of recommendations should be applicable not only to Lisbon but to other moderate seismicity

locations, with similar cultural backgrounds, with no record of severe seismic action in recent years.
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Notably some of these recommendations are already be addressed by Lisbon’s municipality. The
ReSist'® initiative has already taken significant steps to increase the city’s resilience to seismic events,
defining a set of 47 measures based on six goals, namely:

e The standardization of technical standards and methodologies for assessing the city's seismic
vulnerability.

e The development of operational actions set to effectively promote resilience, implemented
through inspection campaigns, projects, and structural reinforcement works that focus on the
built stock and vulnerable infrastructures.

e Carrying out awareness and dissemination campaigns to involve society, to train the population
in general.

e The development of information management systems that streamline the tasks of knowledge
sharing and program execution among the various municipal structures;

e The definition and implementation of alert criteria and intervention prioritization that guide the
action of municipal services.

e Strategic partnerships must be defined with external entities to optimize actions.

The initiative’s leadership has both municipal and academic representation, and its technical-scientific
committee also counts on private construction companies and entities such as the National Laboratory

for Civil Engineering (LNEC) and the engineers’ and architects’ national associations.

Additionally, under new regulation'®, which took effect on November 15", 2019, expansion, alteration
or reconstruction works may be subject to the preparation of a seismic vulnerability assessment report

and even require the preparation of a seismic reinforcement project.

These constitute necessary steps to mitigate seismic risk and the vulnerability of Lisbon’s housing stock.
However, as previously mentioned, several additional steps could be taken in order to address risk and
which could ultimately be translated into the market pricing dynamics.

Lastly, some methodological implications should be taken. As the results have shown, smaller
aggregation units should be chosen over larger ones, as local supply and demand factors especially
condition real estate markets. Therefore, smaller aggregation units allow the researcher to capture local
market dynamics in ways that larger aggregation areas cannot. Also, given that the real estate market
is subject to phenomena that are not limited to administrative boundaries, studies should be carried out
considering various aggregation levels to further increase the results' robustness. Spatial effects should

also be considered whenever possible, as spill-over dynamics are frequent in this market.

The choice of regression models to apply should also depend on the research goal. For example, as

shown by the results, the Extreme Boosting Tree algorithm's deployment significantly improved the data

%5 For more information, please refer to https://informacoeseservicos.lisboa.pt/prevencao/resiliencia-urbana/projetos/resist
196 Portaria n.° 302/2019, de 12 de setembro. For more information, please refer to https://dre.pt/dre/detalhe/portaria/302-2019-
1246429917 ts=1683796107224
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goodness of fit but at the expense of explainability. Thus, a more generalized approach, using less
complex statistical models, could be a better fit for research where the goal is to analyze the impacts of
each variable, while advanced models, using complex decision tree assembly methods, or even the
employment of neural networks, should be reserved to contexts where the models’ performance is the

primary focus.

5.3. R2: How do residents and investors in Lisbon perceive risk?

Several factors may contribute to how individuals perceive risk. Age, marital status, presence of children
in the dwelling, previous experiences, cultural factors and media exposure all can affect our perception
of reality and, hence, our perception of risk. Therefore, in order to analyze how risk is perceived by
Lisbon’s residents and investors, one should have a clear understanding of its demographics. The
sample collected for this study comprised 325 surveys answered over approximately one month,
achieving a margin of error of 5.44% for a 95% confidence interval. The sample demographics showed
that 47% of respondents are married, 40% are single, 7% are divorced and 5% claim other statuses. In
addition, 37% of households had children under 18 living in their dwellings. Most respondents were

highly educated, with nearly half holding a master’s or PhD degree.

A significant portion of the sample comprises young adults living in Lisbon with an average monthly
household income of around two to three thousand euros. Most of these respondents are homeowners
(70%) or private market renters (26%), of which 76% pay rent below 1.000€. Respondents have shown
proper knowledge of their housing conditions and features, such as the estimated area and market
value. Most had an adequate notion of their building’s age. The assessment of their perception of risk
has shown that earthquakes are on top of their concerns, followed by fires, home robberies and floods.

However, these results have to be taken with due care.

The survey was conducted in the aftermath of Turkey’s February 6™, 2023, which had extensive media
coverage and raised a nationwide debate on the preparedness of the Portuguese state and
infrastructures to deal with a similar event, given that the southernmost part of the country is especially
vulnerable to seismic events. This was especially the case for the city of Lisbon. This coverage, however
diminishing over time, was still present during March and April as the survey was being carried out and
may have led to “salience bias” (Tiefenbeck et al., 2018) caused by an out-of-market event.
Nevertheless, the results surprisingly revealed no significant differences in the perception towards risk
across different marital statuses, size and income of the household, age, gender, or existence of children
in the dwelling. However, there is a difference between Lisbon residents and others. The former’s top
concern is earthquakes, while the latter mentioned home robberies as their top concern. This probably
surged due to differences in the media coverage, which mainly focused on the vulnerability of Lisbon’s
municipality housing stock. Most neighbouring municipalities received little coverage regarding their

preparedness to respond to seismic events.

Respondents also showed a difference in their response towards risk-mitigation measures across
different risks, showing a much less fatalistic attitude towards home robberies than towards
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earthquakes. In fact, despite a clear division across attitudes towards earthquakes, respondents showed
a slight inclination for a fatalist attitude, showing feelings of helplessness to change their fate in the case
of an event, translating in a less proactive attitude to taking mitigation measures. They also showed

distrust in government and insurers’ ability to handle an adequate response to earthquakes.

Regarding the effectiveness of building codes and professional practices, respondents diverge in their
responses, with most respondents not agreeing or disagreeing. However, respondents seem to favour
newer buildings given that their likeliness to classify them as unsafe significantly correlated with their
construction year: older buildings were generally regarded as more vulnerable to seismic events,
especially pre-1985 buildings. Additionally, there seems to be a correlation between the property value
and the perception of its safeness, with pricier properties being regarded as less vulnerable. In practice,
this is not always the case. Newer and more expensive buildings do not necessarily translate to safer
ones, as there are several empirical examples in the industry of deceiving practices in the construction

process.

Nevertheless, the perception of risk differs across education levels, with higher education levels
revealing increased awareness of their building’s vulnerability, especially from bachelor to master’s
degree and from master’s to PhD. The results also showed a high percentage of respondents who had
already felt an earthquake (67%), and a high percentage of earthquake insurance (55%), well above the
national average coverage of 16%. Most respondents showed a good knowledge of adequate mitigation

measures that could be taken before or how to respond during such an event.

There are several similarities between the results obtained and the ones from the literature. For
example, Onder et al. (2004) found out that the warnings about the soil type resistance, previously made
by geologists, had only been of significance to high-income locations; therefore, there would be a
dependence of the tolerance to risk on the household’s income and socioeconomic environment.
Furthermore, we find in the literature evidence that higher levels of knowledge about the specific causes
of damage and how damage can be reduced correlate with earthquake preparedness (Hurnen &
McClure, 1997), consistent with this survey’s results. But the perception problem is not limited to lack of
information. Hence mere exposure to information will not immediately change the behaviour and the

willingness to take mitigation measures (Van Der Pligt,1998).

Turkey’s event may have triggered an emotional shock and reminded households of their risk exposure,
translating into the added media coverage of earthquake engineers warning of seismic risk. We can
argue that the subjective probability of risk perceived by households has momentarily come closer to
the objective probability (Lamond et al., 2010). Previous experiences with natural hazards may also alter
an individual’s risk perception. In this case, the results showed that respondents who experienced an
earthquake are not significantly more willing to buy earthquake insurance (only 55,5% of respondents
who experienced an earthquake have insurance against it, a 0,5% increase from people who did not
experience such an event). This may result from a fatalistic attitude or an “acceptance of loss behaviour”
(Burton et al. 1978). In fact, the analysis showed a slightly fatalistic attitude towards earthquakes, which

was not observed in the case of home robberies. This lack of significance in the willingness to pay for
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earthquake insurance may also result from Lisbon's lower magnitude of earthquakes in recent years.
Another possible justification may concern the extra cost. With the extra housing costs, which have
increased in recent years, households may still opt not to have earthquake insurance, which may
constitute a barrier to wider-scale adoption. The literature has also addressed this phenomenon by
modelling the decision-making process, namely through the Utility Functions framework. The increment
in wealth provided by not spending money on earthquake insurance is justified by the disparity between
subjective and objective probability (often neglected). The marginal utility of an extra euro attributed by
a wealthier household will be less than the one attributed by a more modest one. Thus, even if the
subjective probability is the same for both households, the wealthier one should be more likely to
minimize the risk by buying insurance. Thus, the behaviour observed in the survey may hint at the
existence of a utility function for earthquake insurance and, broadly, to the investment in mitigation

measures.

Another topic worth discussing is the disbelief of households in the governments' and insurance
companies’ ability to deal with a disaster. It is known that, at the moment following a disaster, most will
have to rely on their local governments to take immediate action, as they play a crucial role in preparing,
mitigating, and managing recoveries after natural disasters. However, 70% of respondents don'’t trust
the government to be able to take care of them and their families in such an event. This is concerning
and should be addressed by both the central and local governments, as one of their core objectives is

to provide their citizens with safety, health, and overall good quality of life.
Based on the results, some implications should be taken:

e Since the survey indicates that earthquakes are perceived as a high-concern risk, it is crucial
to continue raising awareness among the population about the potential impact of earthquakes
and the importance of preparedness. Public education campaigns, community workshops, and
informational materials can disseminate knowledge about seismic risk, mitigation measures,
and the role of individuals in reducing vulnerability. Continual educational efforts can help dispel
misconceptions and promote a more comprehensive understanding of seismic risk, building
vulnerability, and the role of building codes and professional practices.

o Disclosure requirements should be established. Implementing regulations that mandate sellers
and landlords to disclose the seismic vulnerability of a property can increase awareness among
potential buyers and tenants. This can be achieved through a standardized system of seismic
risk ratings or certificates, similar to energy efficiency certificates.

o Robust emergency preparedness and response plans should be invested in, including early
warning systems, evacuation routes, and public shelters, to minimize seismic events' potential
impact and enhance community resilience. Media coverage should then address these
investments, strengthening the government's image next to the population. Insurance
companies should also be part of such campaigns, showing concern with the matter and a
proactive attitude to protect their clients’ families.
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e Additionally, insurance companies should provide affordable coverage solutions and post-
earthquake assistance policies, ensuring that homeowners have trust in the insurance industry's

ability to support their needs.

Nevertheless, some limitations of this work should be acknowledged. The first regards the distribution
channels chosen to deliver the survey. During the design phase of this study, the author planned four

possible approaches to be taken:

1. Send the survey by email through parish council internal services.

2. Send it by email through some of the largest employers in the city (e.g. CTT, EDP, BNP Paribas,
and other large companies).

3. Send emails to institutions in the city and to neighborhood associations.

Distribute flyers to residents with a QR code allowing the survey to be completed online.

By March 14th, 2023, 85 contacts by email were made to professional associations, neighbours’
associations, the municipality and all its civil parishes individually, and some of the largest companies

in Lisbon. The complete list of entities is shown in Table A.0-14, in Annex A.

However, the results were different than expected. Most parishes did not respond to the call, while
others claimed they were not authorized to distribute surveys to inhabitants. Most professional
associations from the real estate sector did not provide any response. The same happened with the
initially planned large firms, which were contacted through their Data Protection Officer. Thus, most
responses obtained were part of a “friends and family” effort to spread the survey through their contacts
and LinkedIn and Facebook. It is also noteworthy that the author contacted Instituto Superior Técnico,
through the Area of Studies, Planning and Quality (AEPQ), however, after two and a half months of
contacts, as of May 22nd, the survey was yet to be distributed to its alum network. By the end of May,
two short stories were published on Instagram, providing 15 additional responses. In order to reach a
sizable sample, results were closely monitored to see which parishes could be misrepresented in the

sample.

After some follow-up emails were sent, the following approach was twofold: (1) to send the survey to
real estate agencies (190 in total) and (2) to print flyers with a QR code to the online survey and distribute
it across the city, in the most underrepresented neighbourhoods. A flyer copy can be found in Annex A
(Figure A.0-27). A thousand flyers were printed and distributed by hand or through mailboxes. Despite
the effort to achieve a high survey dissemination and response rate, our sample has shown a slight
overrepresentation of younger classes and a slight underrepresentation of older individuals compared
to the 2021 census. This could have also resulted from the distribution channel chosen for this survey,
leading to less tech-savvy individuals being excluded. Geographically, the sample also achieves a slight
overrepresentation of the Avenidas Novas and Campolide parishes and an underrepresentation of
Marvila and Arroios. Ideally, the respondents to this survey would have been the sellers or buyers of the
properties in the transaction database. Only then would we have a complete correspondence between

their perception and actual buying/selling decision. Lastly, it should be pointed out that the author
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contacted the National Insurance Association (APS) but, unfortunately, no information regarding the
spatial distribution of earthquake insurance premiums was provided. This would have been an
interesting addition to our database, as it would provide an insurer’s perspective of risk and a deep

understanding of residents' and investors’ insurance purchase decision-making.
5.4. R3: Does their risk perception affect their willingness to pay for property?

As previously mentioned, an increase in the perceived vulnerability does not automatically translate into
action towards risk or an increase in the willingness to pay more for a less vulnerable property. The
survey results have shown that 80% of respondents were willing to pay more for a more resistant building
to seismic events, and most were willing to pay up to 5% more. However, the analysis of the transaction
database also shows that that is not the case. One possible explanation is the sharp increase in property
prices, especially compared to 2014 values, and the significant decrease in housing affordability. Some
respondents claimed they were unwilling to pay more for a more resilient property and claimed that this
decision should be on the buyer’s side but should be required by the municipality during the licensing
process. Regarding structural retrofitting of existing buildings, 73% of survey respondents agreed to pay
for it, of which 87% would pay no more than 10% of their estimated property value. When asked for an

absolute value 50% of respondents were only willing to pay up to 5.000€.

While no significant difference in willingness to pay was noted across the respondent gender, the results
showed that married individuals were the most likely to pay for structural retrofitting. In contrast, single
individuals were the least likely to pay. Households with children living in their dwellings were also 9%
more likely to pay than those without. Wealth and age were also shown to be part of the household’s
decision-making process, with wealthier and older respondents showing a higher disposition to pay for
retrofitting. In regard to the spatial distribution of responses, the parishes of Carnide, Alvalade and

Benfica seem to be some of the most receptive to pay, showing high percentages of acceptance.

Households living in pre-1960 buildings also show a higher willingness to pay. Additionally, the preferred
way to pay for structural retrofitting would be as a direct payment to contractors, with tax benefits for the
property owner (64%), 20% would pay it as a percentage of the municipal property tax (IMI), and only

16% would choose a one-time payment to the municipality.

The regression results have shown that market price is mainly defined by the socioeconomic conditions
of households and not by their perception of risk or attitude towards it, with the possible expectation of
their knowledge and belief in the proper enforcement of building codes and construction practices,

leading the more skeptic to have a more thoughtful decision-making process.

The consistency of these results with the existing literature is not straightforward, as the literature shows
mixed evidence concerning the willingness to pay for risk premiums. Various examples have shown that
people are more willing to pay after experiencing a natural hazard. That has been shown for floods (Bin
& Polasky, 2004; Daniel et al., 2006), wildfires (Donovan et al., 2007), hurricanes (Ewing et al., 2007;
Burrus et al., 2009; Zhang et al., 2010; Asgary & Halim, 2011; Lee et al., 2017) and earthquakes (Onder
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et al., 2004; McGinnis, 2004; Naoi et al., 2009; Deng et al., 2013). Other authors have even shown the
effect of “out-of-market” events (Hallstrom & Smith, 2005; Modica & Locati, 2016; Fekrazad, 2019) which
negatively impacted the price of the more vulnerable properties. Others have found that if people initially
overestimate the risk, a mismatch between the expected damage and actual damages may even

backslash, leading to a price increase in riskier areas (Beron et al., 1997).

We can argue that the defining topic in this discussion is the occurrence of an event. As referenced in
the literature, people tend to overweight recent information and underweight prior data (Zhang et al.,
2010; Deng, 2013). As stated by Fekrazad (2019), the higher the death tolls in the “out-of-market” (OTM)
event, the higher the price differential in the aftermath (a decrease in 3%-6% in prices depending on the
Zip code’s seismic risk). Thus, we could hypothesize that the large Turkey earthquake, which led to the
death of 40.000 people, could have impacted the prices in Lisbon. One aspect remarkably consistent
with the literature and the survey results is that the willingness to pay and the effect of OTM events are
not constant across socioeconomic classes. Toya and Skidmore (2007) state that “higher levels of
income also increase private demand for safety”. In other words, “safety is a function of wealth and
income” (Asgary & Willis, 1997b). Therefore, the high prices and financial struggles felt by some of the
most vulnerable Portuguese families, especially younger and single-parent families, can limit the ability
to choose a safer dwelling, which is consistent with the existing literature (see, for reference, Pothon
(2020)).

One should also highlight that most respondents account the municipality liable, during the licensing
process, in addition to the contractor, for verifying and certifying the structural resilience of the building.
To that extent, we may argue that some recent political measures have taken an opposite direction.
With the goal to address housing affordability issues, by increasing private construction, the Portuguese
government launched, in February 2023, a set of measures in which architectural and engineering
processes are no longer subject to municipal licensing, being solely subject to a term of responsibility
for the designers, with municipal licensing being limited to urban requirements’’. Some specialists
argue that design projects may be subject to error, which may lead to disastrous consequences. At the
same time, others go as far as to acknowledge that design engineers may even deceive the municipality
to get the project's approval'®®. There is to say that the requirement to meet and verify the construction
standards concerning the seismic vulnerability of new builds is solely attributed to design engineers.
However, we should note that recent regulations (Portaria n.° 302/2019) require the delivery of seismic
vulnerability assessment report elaborated by a specialized entity in the case of rehabilitation or

reconstruction.
Based on the results, some implications should be taken:

e Households place most of the responsibility on municipalities and contractors to comply with
structural regulations and ensure the building stock’s structural resilience. Therefore, given that

one of governments’ primary goals should be to provide safety to its citizens, tighter surveillance

197 See, for reference, https://www.portugal.gov.pt/pt/gc23/comunicacao/noticia?i=governo-aprova-pacote-mais-habitacao
198 See, for reference, https://eco.sapo.pt/2023/02/09/edificios-reabilitados-em-portugal-falham-inspecao-de-risco-sismico/

173



of the construction and reconstruction processes should be taken by municipalities. Given that
most municipalities struggle with limitations in human resources, they should, at least, increase
the monitoring and the number of inspections of buildings under construction or reconstruction
in the most vulnerable locations of the municipality, which could be easily done through soil
vulnerability maps. In other words, the prioritization of the inspections should be directly
proportional to the soil’s vulnerability.

e The Lisbon municipality should continue their efforts to improve risk communication. Increased
transparency in the construction practices and realities may increase the awareness of potential
homebuyers leading to more thoughtful decision processes, which, in turn, may translate into
their willingness to pay a premium for less vulnerable properties.

¢ In order to promote structural retrofit across the city, one possible measure to be taken by the
Lisbon municipality would be to take a pilot case study by addressing families living with children
in their apartment, in pre-1960 buildings, in the parishes of Carnide, Alvalade and Benfica, and
providing them tax breaks for structural retrofitting of their buildings.

e More broadly, financial incentives and tax breaks given to property owners who voluntarily
retrofit their buildings to meet higher seismic standards can encourage proactive action and
investment in improving the safety of structures.

e Given that wealth and income are limiting factors to adopting structural retrofitting, local and
central governments should facilitate access to financing and grants. Providing financial
assistance, low-interest loans, or grants to property owners, especially those with limited
resources, can help overcome financial barriers to retrofitting or implementing seismic resilience
measures. Collaborating with financial institutions and seeking external funding sources can
expand the availability of such assistance programs.

e Governments should partner with academia to provide specialization courses in rehabilitation
and seismic resilience to private construction and design companies. Certified companies
should benefit from tax breaks, for instance, paying fewer taxes for each certified professional.
This would incentivize both professionals and companies to deepen their knowledge and, in the
long term, increase the pool of companies with specific skills in rehabilitation, which would

increase the market offerings and therefore decrease its price.

Nevertheless, one should note a limitation to these results. In an ideal condition, the surveys should
have been answered by the buyers or sellers of such properties. Only in that case one would have a
clear perception of the impact of knowledge on their willingness to pay. However, one may argue that
the spatial limitation to the neighborhood may compensate for this issue and be an adequate solution
to capture and relate the willingness to pay with perception and socioeconomic conditions of residents

and investors.
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6. Conclusion

6.1. Final Remarks

Earthquakes are responsible for thousands of lives lost and economic damages worldwide. Its mark is
visible across all continents and cultures, and it is a certainty to several locations across our globe.
Lisbon is not different. Being of moderate seismicity, the city will undoubtedly be subject to seismic
events, as it was in the past. The only reasonable action is to mitigate its risk, reducing its consequences.
Risk is a function of natural hazard, vulnerability, and exposure. In practice, vulnerability is the only of
these points we can reasonably improve and depends not only on our collective but our individual
actions and choices. Real estate properties are crucial for human well-being, playing a twofold function
of shelter and store of value. It shelters millions of households and is the storage of most of the wealth
in the world. Therefore, reducing the vulnerability of the housing stock is of critical importance. Failing
to do that is to set ourselves and our communities to failure in the case of an event. In light of that, it is
crucial to understand how the housing stock vulnerability is accounted for in the real estate market.
Additionally, it is vital to understand how we, as humans and citizens, perceive risk so that political action

and communication can be effectively addressed and foster action towards mitigating it.

This thesis was set to contribute to this body of knowledge to provide a deep understanding of how
earthquake risk is quantified in the real estate market, how its stakeholders perceive it, and what impact

it has. To do that, three research questions were presented:

1. Do market values reflect a preference for properties less vulnerable to earthquakes?
2. How do residents and investors in Lisbon perceive risk?

3. Does their risk perception affect their willingness to pay for property?

The results have shown that the answers to these questions are not straightforward, as markets present
different segments and different behaviours depending on the information presented, the news
coverage, the levels of education, the wealth of individuals, and the number of children, amongst many
other variables. Markets are the sum of all our individual actions. Real estate markets are, simply put,
the sum of all our preferences as consumers and our willingness to pay for them, which constitutes the
demand side, and the availability of properties in the market, or the offer side, which depends on public
and private initiative to build and to develop, and of availability of sellers in the market. During this work,

we came to answer our initial questions. Some remarks we can take from this work are the following:

1. Do market values reflect a preference for properties less vulnerable to earthquakes?

Based on the analysis of the literature and the results, it can be concluded that the market does
not necessarily reflect a preference for properties less vulnerable to earthquakes. Although the
vulnerability of a property to seismic activity is theoretically expected to be accounted for in its
pricing, the research shows that the market values newer and better-conditioned buildings,
driven not by the concern of safety itself but by the amenities offered by the property, such as
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its location or proximity to high-value locations. The analysis also reveals that investors and
homebuyers seem oblivious to natural hazards such as earthquakes, as demonstrated by the
low correlation with prices and the spatial distribution of properties with the highest vulnerability
to natural hazards. Nevertheless, it is essential to note that the market can be subject to the
judgement of all stakeholders, which, ultimately, culminates in its price dynamics. Traumatic
events such as earthquakes can have a profound effect not only on a person's mental health
but also on the market as a whole. Additionally, the literature has shown that legislation did not
significantly affect the housing market, as most appraisers did not give any higher price on a

comparable property in a lower-risk area.

2. How do residents and investors in Lisbon perceive risk?

Risk perception and awareness is a complex matter influenced by several factors, such as age,
marital status, cultural environment, media exposure, and previous experiences. Although
natural disasters such as earthquakes can lead to traumatic shocks and, in some cases, to
prolonged post-traumatic stress disorders, panic attacks, and recurrent nightmares, their shock
effect usually fades away with time. That means that the longer it has passed from an event,
the less memory most residents have and the less effect it has on the market. Even the initial
shock may not necessarily lead to price differentials, as it is also limited by the market itself. In
the case of Lisbon, the author found differences in perception and action towards risk across
different socioeconomic groups, mainly depending on their marital status, age, education level
and number of children. It was also observed a slightly fatalistic attitude towards earthquake
risk, which has not been observable in the case of home robberies, for instance. The results
also hint at some unfamiliarity with building codes and construction practices. Additionally, it is
concerning that a high percentage of respondents do not trust the government to be able to take
care of them and their families in the case of a natural disaster. Overall, the study suggests a

need for greater awareness and education on the subject of natural hazards and risk perception.

3. Does their risk perception affect their willingness to pay for property?

Based on the literature review, the survey, and the analysis of the transaction database, it is
apparent that investors and homebuyers are not currently factoring in seismic risk when
determining the market value of a property. The research also shows that the market price is
mostly defined by the socioeconomic conditions of households, not by their perception and
attitude towards risk. The analysis of sale prices shows that some of the most expensive
locations are also the ones with the highest vulnerability to natural hazards, mainly those in the
city centre, indicating that investors and homebuyers alike are oblivious to earthquake risk. The
study also found that the proximity to business and education facilities is highly valued.
Although the survey results have shown that most respondents were willing to pay more for a
more resistant building to seismic events, the regression analysis did not find a clear correlation
between market price and seismic risk. Furthermore, it is crucial to note that most respondents
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accounted the municipality liable for, during the licensing process, and in addition to the

contractor, verifying and certifying the structural resilience of the building.

In light of these answers, some policy recommendations can be made, amongst which we may highlight:

o Cities must treat risk communication seriously and systematically, even though earthquake
events may have a low likelihood. This needs to be done close to the population by disclosing
risk indicators or hazard maps and through education. The effect of Out-Of-Market events may
add the disclosed information, increasing awareness, which should translate into an increase in
the perceived vulnerability of its inhabitants, which, in turn, should be reflected in the price, even
if an event does not occur in the location addressed;

e Due to the increased risk, inspectors should constantly monitor buildings constructed or
renovated in high-risk zones. This is because calculation mistakes or a lack of attention to detail
throughout the construction process can be made worse in these situations. Such areas can
additionally necessitate additional mitigation measures, which should be expressly included in
land-use municipal plans and laws;

e The municipality and the other real estate stakeholders (such as developers and brokers,
appraisers, construction firms, neighbours' associations, academic institutions, and other
governmental agencies) should also work together. A seismic resilience committee should be
established to develop and oversee policy proposals that coordinate all the incentives from
multiple sources and encourage the adaption of mitigation measures. To ensure the efficacy of
such programs, the outcomes of each measure should be carefully examined and revised;

e Establishing disclosure standards and implementing laws requiring sellers and landlords to
disclose a property's seismic vulnerability can raise awareness among prospective purchasers
and tenants. A standardized system of seismic risk ratings or certificates, similar to energy
efficiency certificates, can accomplish this.

o Wealth and income are deterrents to adopting structural retrofitting, so local and national
governments should make grants and finance more accessible. Giving grants, low-interest
loans, or financial assistance to property owners, particularly those with limited resources, can
help them overcome financial obstacles to retrofitting or putting seismic resilience measures in
place. The availability of these support programs can be increased by working with financial
institutions and looking for outside funding sources;

e Governments should collaborate with academic institutions to offer specialized training in
earthquake resilience and rehabilitation for commercial construction and design firms.
Companies that are accredited should receive tax incentives, such as paying less taxes for each
certified expert they hire. Professionals and businesses would be encouraged to expand their
knowledge, which would eventually lead to a growth in the number of businesses with
specialized knowledge in rehabilitation, which would raise the market's supply and lower the

price;
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The study of Lisbon’s reality has contributed to deepening the study of the effects of earthquake
perception on the Portuguese capital city’s property market. However, these six highlighted
recommendations can be applied not only in Lisbon but in all locations with moderate seismicity activity.
As we have seen, the perception of risk varies depending on the frequency of events. However, we can
argue that households should respond similarly in risky locations with no recent memory of significant
earthquake events. Similar locations could benefit from the findings presented in this work across Spain,
Italy, the Balkans, and broadly, across the world. One can even argue that these conclusions may
contribute to the overall knowledge of the household’s perception and action towards all high-risk low-
probability natural hazards. Ultimately, this study contributes to the broader understanding of household
perception and action towards seismic risk and serves as a valuable resource for future research and

decision-making in disaster-prone areas globally.

6.2. Main Contributions

This research has significantly contributed to understanding the relationship between real estate

valuation and seismic risk.

First, various econometric models were adopted, including FGLS (Feasible Generalized Least Squares),
PooledOLS (Pooled Ordinary Least Squares), Fixed-Effects, MARS (Multivariate Adaptive Regression
Splines), and XGBoost. These models were applied to real transactional data, allowing for an implicit
and comprehensive analysis of the relationship between seismic risk and property values. Leveraging
large-scale datasets permitted to capture the intricate dynamics and complexities of real estate markets

in the presence of seismic risk.

Furthermore, the employment of Contingent Valuation Methods (CVM) as an explicit approach allowed
to assess the willingness-to-pay of property owners to reduce seismic risk. By conducting surveys and
analyzing the responses, the author was able to quantify the economic value assigned to risk reduction

measures.

Applying these methods provided valuable insights into quantifying the impact of seismic risk on real
estate values. Through rigorous analysis and statistical techniques, this study identified key variables

and factors significantly influencing property values in seismic-prone areas.

6.3. Future Developments

The progress made in this study has provided an opportunity to formulate public policies to mitigate
earthquake risk. However, it also raised several questions that should be further explored in future

developments:

¢ What specific socioeconomic factors contribute to the differences in risk perception and action
observed across different groups in Lisbon? How can these factors be addressed to promote a

more comprehensive understanding and response to seismic risk?
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o What are the specific reasons for the fatalistic attitude observed towards earthquake risk, as
opposed to other risks like home robberies? Are there cultural or psychological factors at play
that can be further explored?

o What are the potential implications of a lack of trust in the government's ability to respond to
natural disasters? How can this trust be rebuilt or strengthened to ensure effective disaster
response and risk reduction?

o What are the potential implications of the market's indifference to seismic risk on long-term
urban planning, infrastructure development, and disaster resilience efforts? How can
stakeholders and policymakers address this gap to ensure a more resilient built environment?

o Are there any potential policy or regulatory interventions that could incentivize or require the
consideration of seismic risk in property pricing? How can market mechanisms be aligned with
risk mitigation goals?

The answers to these questions could build on this work and increase understanding of households'
perceptions of risk. This understanding could then be used to design public policies aligned with
stakeholders' incentives. Specifically, one could explore the factors that shape households' perceptions
of risk and how these perceptions impact their behaviour. One could also examine how different social
groups perceive risk and how this varies across different contexts. Additionally, one could investigate
the relationship between risk perception and trust in institutions and the role that communication plays
in shaping risk perceptions or conduct a contrafactual analysis to isolate vulnerability’s effect. By gaining
a deeper understanding of these issues, we could develop more effective public policies that better
serve the needs of all stakeholders.
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ANNEX A

Table A.0-1 - Impacts of natural disasters on real estate (literature review summary table)

Study

Subject

Location

Key Findings

(Harrison et al., 2001)

Floods

Alachua County, Florida,
USA

(1) Homes located within a flood zone sell, on
average, for less than homes located outside
flood zone; Pattern of price differential reinforced
after the National Flood Insurance Reform Act of
1994;

(Bin and Polasky, 2004)

Floods

Pitt County, North
Carolina, USA

(1) House located within a floodplain has a lower
market value than an equivalent house located
outside the floodplain (2) Price differential
increased after Hurricane Floyd

(Daniel et al., 2009)

Floods

Netherlands

(1) Decrease of 9% of property values in the
floodplain after the 1993 and 1995 Meuse river
floods; However, there is an upward valuation of
3% on properties closer to water;

(Brookshire et al., 1985)

Earthquakes

California, USA

(1) People do not behave as if they are
maximizing expected utility for low-probability,
high-loss events such as natural disasters. (2)
The Alquist-Priolo Act has caused a structural
change in the market between 1972 and 1978

through the disclosure of risks.

(Beron et al., 1997)

Earthquakes

San Francisco Bay,
California, USA

(1) The results indicate that individuals initially
overestimate the probability of damage from
unlikely events (2) The results indicate that the
hedonic price of earthquake hazard fell after the
event. The authors place the hypothesis that it
happended because perhaps the damage
pattern from earthquake was unrelated to
Special Studies Zones (SSZ) designation. The
information gained from the earthquake was
relatively more "productive" in changing
subjective risk than in changing the stigma of an
SSZ.

(Tekeli-Yesil et al., 2011)

Earthquakes

Istanbul, Turkey

(1) preparedness programmes should focus
more on information about mitigation and
preparedness measures regarding earthquakes;
(2) the media can be the main channel for
reaching the population in general, but if people
are to understand, believe and personalize the
information, various methods of risk
communication should be used—risk
communication is a two-way process, in which
the sender and the audience are active
participants;

(3) the information provided by the media might
be more useful if it helped people to
question and understand the risk and their ability
to cope with it, as well encourage
them to take precautions;

(4) the Internet also seems to be a promising
option for disseminating information.
programmes should target people with lower
educational and socio-economic levels.

(Asgary and Halim, 2011)

Storms and
Hurricanes

Bangladesh

(1) Access to training and education and cyclone
warning systems are also found to have
significant impacts on households’ choices of
cyclone vulnerability reduction (2) Structural
mitigation measures and access to power and
decision making, though significant, were found
to have the least impact.
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Study

Subject

Location

Key Findings

(Deng et al., 2013)

Earthquakes

Wenchuan, China

(1) Property prices decreased after the 2008
Wenchuan earthquake in the affected areas. (2)
elative price of low to high floor units, particularly

units located in the first and second floor,
considerably increased for several months after
the earthquake due to the perception of risk of
living in upper floors. This shows an overreaction
of buyers and investors after the tremor.

(Modica and Locati, 2016)

Earthquakes

Northern ltaly, Italy

(1) There was a difference of 4.6% in the price
reduction of houses after the earthquake. The
most affected region by the earthquake was also
the most affected by the reduction of prices (2)
average price of villas in the treated area do not
show significant differences with respect to that
of the control group (3) houses with better
structural quality were less affected by the price
drop. the quality of the houses in term of
perception of resistance to the tremor plays an
important role

(Fekrazad, 2019)

Earthquakes

California, USA

(1) both home value index and median listing
price decrease by approximately 6% and 3%
respectively in California zip codes with high
seismic hazard (relative to those with low
seismic hazard) after high-casualty earthquakes
occur outside of California.(2) the higher an
earthquake’s death toll, the larger the increase in
the price differential; (3) an earthquake in Europe
has a significantly larger impact on California’s
price differential than a similarly deadly
earthquake in another region; (4) the effects are
transient and dissipate one month after the
earthquake occurs.

(Donovan et al., 2007)

Wildfires

Colorado Springs,
Colorado, USA

(1) Negative effect of risk of wildfire in house
prices immediately after the event, which
diminishes over time (consistent with the

literature on other natural disasters). (2) the

authors believe that a considerable portion of the
observable changes in household risk perception
can be attributed to an educational program on
wildfires.

(Kiel and Matheson, 2018)

Wildfires

Boulder, Colorado

(2) buyers in the highest risk area are most likely
to change their perceptions in response to a fire
with houses experiencing a statistically
significant 21.9% decline in sale price

(Hallstrom and Smith, 2005)

Storms and
Hurricanes

Lee County, Florida, USA

(1) Experiencing a "near miss" Hurricane led to a
19% decline in housing prices (2) Natural
hazards are noticed by homeowners. People
learn from comparable circumstances.

(Ewing et al., 2007)

Storms and
Hurricanes

USA

(1) Results suggest that windstorms (hurricanes
and/or tornados) result in an immediate one-half
to two percent reduction in total Metropolitan
Statistical Area housing value.

(Burrus et al., 2009)

Storms and
Hurricanes

North Carolina, USA

(1) The researchers concluded that the market

suffers after successive hurricane landfalls, but

that sentiment recovers a year or more after the
hurricane

(Zhang et al., 2010)

Storms and
Hurricanes

Texas, USA

(1) Risk perception is a mediating factor between
hazard proximity and property value, but there is
some evidence that the mediation is partial
rather than complete. Hazard proximity can be
perceived as a potential risk and an
environmental amenity at the same time for
certain types of hazards. These two perceptions
operate in opposite directions when affecting
housing value.

(Lee et al., 2017)

Storms and
Hurricanes

South Korea

(1) The result shows that a 1% increase in
annual precipitation and impervious surfaces
increases damage costs from hurricanes by 4.52
and 1.74%, respectively
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Study

Subject

Location

Key Findings

(Palm, 1998)

Earthquakes

USA and Japan

(1) two populations were indistinguishable in
their general beliefs that individuals can not do
much to prevent an earthquake from harming
them, but that cities and communities can take
actions to lessen the effects of earthquakes. (2)
In Yokohama, family
income, age of the homeowner and perceived
vulnerability of the home were the best
predictors to insurance adoptance. In the
western San Fernando valley, income and
perceived vulnerability were also important, but
age was not related. Instead, belief about the
ability of the household or community to lessen
damage.

(Asgary and Willis, 1997)

Earthquakes

Tehran and Rasht, Iran

(1) Response to risk information does not
automatically. Response to earthquake risk is
not significantly influenced by attitudes toward

earthquakes as a threat to life. This means that
households who consider earthquakes as a
threat to life and are worried about the risk, do
not necessarily exhibit mitigatory behaviour as
response to receiving information

(Peng, 2021)

Earthquakes

Japan

(2) housing/land attributes are still the key
features to real estate values in Hokkaido. In
comparison with short-term unexpected hazard
shock (i.e. 2018 Hokkaido Eastern Iburi
Earthquake), the long-term hazard threats are
more influential to prices of properties and lands

(Pryce et al., 2011)

Floods

UK

(1) home price adjustment to ever-increasing
levels of risk associated with global climate
change is likely to evince an uneven pattern of
inertia followed by rapid, tipping-point declines
(2) individuals’ risk perception of hazards is
determined by the uncertainty of hazard
occurrence, and the limitations of human
cognition

Table A.0-2 - Impacts from Earthquakes (literature review summary table)

Study

Subject

Location

Key Findings

(Naoi et al., 2009)

Earthquakes

Japan

(1) While there is no clear evidence about
pre-quake responses to earthquake risk,
both housing rents and owner-occupied

home values are significantly and
negatively correlated with regional
earthquake risk in post-quake periods.

Themost plausible interpretation for these

results is that both renters and
homeowners are initially unaware of, or at

least underestimate, earthquake risk. (2)

Households can hedge against
earthquake risk through the purchase of
insurance policies (....) However,
earthquake risks are partly
reflected in the differentiated premiums in
the insurance market.

(Brookshire et al., 1985)

Earthquakes

California, USA

(1) People do not behave as if they are
maximizing expected utility for low-
probability, high-loss events such as
natural disasters. (2) The Alquist-Priolo Act
has caused a structural change in the
market between 1972 and 1978 through
the disclosure of risks.
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Study

Subject

Location

Key Findings

(MacDonald et al., 1987)

Floods

Monroe, Lousiana, USA

(1)Without insurance, the consumer's
willingness to pay is captured in the sales
price differential between houses located

in areas with varying probabilities of
flooding. With insurance, the sales price
differential captures the change in the
insurance cost and the willingness to pay
to move to an area with a lower probability
of flooding

(Willis and Asgary, 1997)

Earthquakes

Tehran, Iran

(1) People show little concern for
earthquake risk; (2) Legal measures and
recent earthquakes only have short term

impact on the housing market;

(Onder et al., 2004)

Earthquakes

Instambul, Turkey

(1) Distance from fault lines is an important
factor in explaining house values and its
impact on house values increased after

the 1999 Kocaeli earthquake. (2) no
evidence was found of the linear impact of
soil type in property prices, however it is
possible there is a non-linear relationship
between soil and property type; (3) None
of the earthquake risk measures
significantly affects the change in house
values before and after the Kocaeli
earthquake. So, the impact of geologists'
warnings about soil types was limited to
only a few high-income locations, thus not
thus influencing the regression resul

(Bin and Polasky, 2004)

Floods

Pitt County, North Carolina,
USA

(1) House located within a floodplain has a
lower market value than an equivalent
house located outside the floodplain (2)
Price differential increased after Hurricane
Floyd

(Hallstrom and Smith, 2005)

Storms and
Hurricanes

Lee County, Florida, USA

(1) Experiencing a "near miss" Hurricane
led to a 19% decline in housing prices (2)
Natural hazards are noticed by
homeowners. People learn from
comparable circumstances.

(Nakagawa et al., 2007)

Earthquakes

Tokyo, Japan

(1) housing rents are substantially lower in
risky areas than in safer areas, even after
controlling for other possible effects, and
that the rent of an apartment built prior to
the Building Standard Law (1981) being
amended is discounted more substantially
in risky areas than those built after this
date (2) Earthquake risk is reflected in
housing rents to a large extent even after
controlling for other possible effects; that
is, housing rents are substantially lower in
the areas with exposure to earthquake risk

(Fekrazad, 2019)

Earthquakes

California, USA

(1) both home value index and median
listing price decrease by approximately 6%
and 3% respectively in California zip codes
with high seismic hazard (relative to those

with low seismic hazard) after high-
casualty earthquakes occur outside of
California.(2) the higher an earthquake’s
death toll, the larger the increase in the
price differential; (3) an earthquake in
Europe has a significantly larger impact on
California’s price differential than a
similarly deadly earthquake in another
region; (4) the effects are transient and
dissipate one month after the earthquake
occurs.

(Nakagawa et al., 2009)

Earthquakes

Tokyo, Japan

(1) The study finds strong evidence for the

impact of earthquake risks on land pricing;

land prices have been substantially lower
in risky areas than in safe areas.
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Study

Subject

Location

Key Findings

(Hidano et al., 2015)

Earthquakes

Tokyo, Japan

(1) The prices of apartments in safe zones
are significantly higher than those in
unsafe zones on average. (2) The impact
of risk information is not significant for
newly built apartments.

(Deng et al., 2013)

Earthquakes

Wenchuan, China

(1) Property prices decreased after the
2008 Wenchuan earthquake in the
affected areas. (2) elative price of low to
high floor units, particularly units located in
the first and second floor, considerably
increased for several months after the
earthquake due to the perception of risk of
living in upper floors. This shows an
overreaction of buyers and investors after
the tremor.

(Brooks et al., 2003)

Financial Markets

us

(1) Selling pressure and higher volume (for
over an hour) when firms experience
events that are totally unanticipated by the
equity market

(Ederington and Lee, 1993)

Financial Markets

us

(1) The study finds huge volatibility in
prices after huge macroeconomic news
annoucements. This volatility then fades

over time.

(Ederington and Lee, 1995)

Financial Markets

us

(1) Overreaction from investors
immediately after the release of huge
macroeconomic news. Volatility is
corrected in the following moments.

(Modica and Locati, 2016)

Earthquakes

Northern Italy, Italy

(1) There was a difference of 4.6% in the
price reduction of houses after the
earthquake. The most affected region by
the earthquake was also the most affected
by the reduction of prices (2) average price
of villas in the treated area do not show
significant differences with respect to that
of the control group (3) houses with better
structural quality were less affected by the
price drop. the quality of the houses in
term of perception of resistance to the
tremor plays an important role

(Beron et al., 1997)

Earthquakes

San Francisco Bay,

California, USA

(1) The results indicate that individuals
initially overestimate the probability of
damage from unlikely events (2) The

results indicate that the hedonic price of

earthquake hazard fell after the event. The
authors place the hypothesis that it
happended because perhaps the damage
pattern from earthquake was unrelated to
Special Studies Zones (SSZ) designation.
The information gained from the
earthquake was relatively more

"productive” in changing subjective risk

than in changing the stigma of an SSZ.

(McGinnis, 2004)

Earthquakes

San Francisco Bay,
California, USA

(1) Conclusions moderately support a
theory in which the psychological effect of
large earthquakes increases the effect of
earthquake risk on prices but this impact

tends to wear off over time

(Lamond et al., 2010)

Floods

UK

(1) the results suggest that the reaction of
property markets to risk can be highly
subjective in the absence of enforced
disclosure. (2) Markets may become

distorted by any event that changes the
perceived importance of previously
ignored risks.
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Table A.0-3 - Building Stock’s Risk Assessment - Specific building typologies (summary table)

Study Building Typology

Key Findings

(Simdes et al., 2015) "Pombalino", "Gaioleiro" and "Placa"

(1) All buildings have very high seismic vulnerability
and do not fulfil the requirements for the ultimate
limit state as defined in EC8-1 and Italian Code
(NTC 2008)

(Mendes;g;joliourengo, "Gaioleiro"

(1) Even buildings with appropriate floor-wall
connections are in the limit of their loading capacity
under seismic action, according to EC8 National
Annex

(Neves, 2016) "Gaioleiro"

(1) The flexible wooden floors are not able to provide
the stiffness needed to evenly distribute horizontal
loads across the vertical masonry walls. (2) The
difference in the stiffness between the x and y
directions, further contributing to its vulnerability.

(Simdes, 2018) Unreinforced masonry buildings

(1) type | buildings to have approx. 50% probability
of having very heavy damage and more than 30% of
probability of collapse

(Marques et al., 2017) "Placa"

(1) “Placa” buildings were also found to be unsafe,
mainly due to its irregularity in elevation and
heterogeneity in distribution of structural elements

(Caruso and Bento, 2019) Old reinforced c;)ggge;te building (pre-

(1) The study found old reinforced concrete building
(pre-1980) to only withstand low seismic forces and
to have insufficient seismic detailing

(Jarimba, 2016) Transition conc;ztgot))undmgs (1960-

(1) the structural behavior of this typology is
conditioned by the type of actions applied to the
building however it shows an inadequate resistance
to seismic action, especially in upper floors

Table A.0-4 — Building Stock’s Risk Assessment — Overall building stock (summary table)

Study

Key Findings

(Pais 2002)

(1) Lisbon’s downtown area is the most vulnerable to
severe damage

LNECLoss (Costa et al., 2004; Afonso,
2006; Costa et al., 2008)

(1) Economic losses derived from an seismic event
vary from 1.3%, for 95 years return period, up to 38%,
for 5,000 years return period, of the total replacement
cost of Lisbon Metropolitan Area's residential building

stock. (2) Structural retroffiting could lead to a
reduction of uo to 36% of economic losses (3) the
chosen mitigation action has predominant effects on
the South margin of Tagus River, where intermediate
soils prevail

(Teves-Costa et al., 2011)

(1) Lisbon's downtown area is the most vulnerable to
severe damage
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Figure A.0-1 - EMS98 damage levels. source

I Classification of damage to masonry buildings ]

Grade 1: Negligible to slight damage
(no structural damage,

slight non-structural damage)

Hairdine cracks in very few walls.

Fall of small pieces of plasier only.
Fall of loose stones from upper parts of
buildingsin very few cases.

Grade 2: Moderate damage

(slight structural damage, moderate
non-structural damage)

Cracks in many walls.

Fall of fairly large pieces of plaster.
Partial collapse of chimneys.

Grade 3: Substantial to heavy damage

(m ocerate structural damage,

heavy non-structural damage)

Large and extensive cracks in most walls.
Roof tiles detach. Chimneys fracture at the
roof line; failure of individual non-
structural clements (partitions, gable
walls),

Grade 4: Very heavy damage
(heavy structural damage,
very heavy non-structural damage)

Sericus falure of walls, partial structura
failure of roofs and floors.

Grade 5: Destruction
(very heavy structural damage)
Total or near total collapse
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Type of Structure

rubble stone, fieldstone
adobe (earth brick)

simple stone

massive stone

MASONRY

unreinforced, with
manufactured stone units

unreinforced, with RC floors

reinforced or confined

frame without
earthquake-resistant design (ERD)

frame with moderate level of ERD

frame with high level of ERD
walls without ERD
walls with moderate level of ERD

walls with high level of ERD

steel structures

timber structures

WOOD STEEL REINFORCED CONCRETE (RC)

Vulnerability Class
A B CDEF

O
Or

Omosl likely vulnerability class; — probable range;

----- range of less probable, exceptional cases

Table A.0-5 - Classification into classes and corresponding vulnerability

Figure A.0-2 - Vulnerability classes of buildings (EMS-98). Source: Modica and Locati (2016)

. . _ Novo Grupo Tipologia
Tipologia Descrigao Tipolégic% (E‘:VIS-QQS) Vu

Edificios construidos antes de 1919 em Paredes

T de adobe ou alvenaria de pedra solta
Edificios construidos de 1919 a 1945 em Paredes 1 M3+ 0.830

T2 de adobe ou alvenaria de pedra solta '
Edificios construidos de 1946 a 1960 em Paredes

T3 de adobe ou alvenaria de pedra solta
Edificios construidos de 1961 a 1970 em Paredes

T4 de adobe ou alvenaria de pedra solta
Edificios construidos de 1971 a 1980 em Paredes 2 M3 0.767

T5 de adobe ou alvenaria de pedra solta '
Edificios construidos de 1981 a 1990 em Paredes

T6 de adobe ou alvenaria de pedra solta
Edificios construidos de 1991 a 1995 em Paredes

T7 de adobe ou alvenaria de pedra solta 3 M3- 0.660
Edificios construidos de 1996 a 2000 em Paredes '

T8 de adobe ou alvenaria de pedra solta
Edificios construidos de 2001 a 2005 em Paredes

T9 de adobe ou alvenaria de pedra solta 4 M3- 0660
Edificios construidos de 2006 a 2011 em Paredes ,

T10 de adobe ou alvenaria de pedra solta
Edificios construidos antes de 1919 em Paredes

T11 de alvenaria, sem placa 5 M5+ 0.830
Edificios construidos de 1919 a 1945 em Paredes '

T12 de alvenaria, sem placa
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Edificios construidos de 1946 a 1960 em Paredes

T13 de alvenaria, sem placa
Edificios construidos de 1961 a 1970 em Paredes
T14 de alvenaria, sem placa
Edificios construidos de 1971 a 1980 em Paredes 6
T15 de alvenaria, sem placa
Edificios construidos de 1981 a 1990 em Paredes
T16 de alvenaria, sem placa
Edificios construidos de 1991 a 1995 em Paredes
T17 de alvenaria, sem placa 7
Edificios construidos de 1996 a 2000 em Paredes
T18 de alvenaria, sem placa
Edificios construidos de 2001 a 2005 em Paredes
T19 de alvenaria, sem placa 8
Edificios construidos de 2006 a 2011 em Paredes
T20 de alvenaria, sem placa
Edificios construidos antes de 1919 em Paredes
T21 de alvenaria, com placa
Edificios construidos de 1919 a 1945 em Paredes 9
T22 de alvenaria, com placa
Edificios construidos de 1946 a 1960 em Paredes
T23 de alvenaria, com placa
Edificios construidos de 1961 a 1970 em Paredes
T24 de alvenaria, com placa
Edificios construidos de 1971 a 1980 em Paredes 10
T25 de alvenaria, com placa
Edificios construidos de 1981 a 1990 em Paredes
T26 de alvenaria, com placa
Edificios construidos de 1991 a 1995 em Paredes
T27 de alvenaria, com placa 1
Edificios construidos de 1996 a 2000 em Paredes
T28 de alvenaria, com placa
Edificios construidos de 2001 a 2005 em Paredes
T29 de alvenaria, com placa 12
Edificios construidos de 2006 a 2011 em Paredes
de alvenaria, com placa
T32 Edificios construidos de 1919 a 1945 em Betao 13
armado
T33 Edificios construidos de 1946 a 1960 em Betao
armado
Edificios construidos de 1961 a 1970 em Betao
T34
armado
T35 Edificios construidos de 1971 a 1980 em Betao 14
armado
T36 Edificios construidos de 1981 a 1990 em Betao
armado
Edificios construidos de 1991 a 1995 em Betao
T37
armado 15
T38 Edificios construidos de 1996 a 2000 em Betao
armado
T39 Edificios construidos de 2001 a 2005 em Betao
armado 16
T40 Edificios construidos de 2006 a 2011 em Betao
armado
Edificios construidos antes de 1919 em
T41 Outra(Madeira, metalica, ...)
Edificios construidos de 1919 a 1945 em 17
T42 Outra(Madeira, metalica, ...)
Edificios construidos de 1946 a 1960 em
T43 Outra(Madeira, metalica, ...)
Edificios construidos de 1961 a 1970 em
T44 Outra(Madeira, metalica, ...) 18
Edificios construidos de 1971 a 1980 em
T45 Outra(Madeira, metalica, ...)

M5

M5-

M5-

M6+

M7

M7

RC1

RC4

RC5

RC6

0,740

0,650

0,650

0,793

0,490

0,384

0,384

0,644

0,544

0,384

0,224

0,640

0,447
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Edificios construidos de 1981 a 1990 em

T46 Outra(Madeira, metdlica, ...)
Edificios construidos de 1991 a 1995 em
T47 Outra(Madeira, metalica, ...) 19
Edificios construidos de 1996 a 2000 em
T48 Outra(Madeira, metalica, ...)
Edificios construidos de 2001 a 2005 em
T49 Outra(Madeira, metdlica, ...) 20
Edificios construidos de 2006 a 2011 em
T50 Outra(Madeira, metdlica, ...)
Edificios construidos antes de 1919 sem
T51 classificagao
Edificios construidos de 1919 a 1945 sem 21
T52 classificagao
Edificios construidos de 1946 a 1960 sem
T53 classificagao
Edificios construidos de 1961 a 1970 sem
T54 classificagao 29
Edificios construidos de 1971 a 1980 sem
T55 classificagao
Edificios construidos de 1981 a 1990 sem
T56 classificagao 23
Edificios construidos de 1991 a 1995 sem
T57 classificagao
Edificios construidos de 1996 a 2000 sem
T58 classificagao
Edificios construidos de 2001 a 2005 sem
2 24
T59 classificagao
Edificios construidos de 2006 a 2011 sem
T60 classificacao

M2

M2

M2

M2

0,447

0,447

0,645

0,633

0,534

0,466

Table A.0-6 - Number of Portuguese households by annual gross income

Annual Gross Income N° Households | % Total
0-5.000€ 677673 12.5%
5.001€-10.000€ 1446100 26.7%
10.001€-13.500€ 841952 15.6%
13.501€-19.000€ 783469 14.5%
19.001€ -27.500€ 689398 12.7%
27.501€ -32.500€ 237623 4.4%
32.501€ - 40.000€ 231445 4.3%
40.001€ - 50.000€ 187013 3.5%
50.001€ - 100.000€ 261496 4.8%
100.001€ -250.000€ 47939 0.9%
250.000€+ 4180 0.1%

Table A.0-7 - Income tax rate by category (2021). Source: AT

income tax category (by Annual Gross income)

Marginal Tax Rate (%)

Average Tax Rate(%)

0-7.112€ 14.50% 14.50%
7112€ - 10.732€ 23% 17.37%
10.732€ - 20.322€ 28.50% 22.62%
20.322€ - 25.075€ 35% 24.96%
25.075€ - 36.967€ 37% 28.83%
36.967€ - 80.882€ 45% 37.61%
80.822€+ 48% -

204



Table A.0-8 - Current vulnerability based on construction year. Source: Ferreira (2012)

Unknown Structure Vuactual
<1960 0,645
1960 - 1969 0,633
1970 - 1985 0,536
>1985 0,466

Table A.0-9 - Distribution of residents by age groups. Aging index is Pop(65+)/Pop(<14). Source: INE (census 2021)

Total 0-14 15-24 25-64 65+
Aging Index
Location N.° N.° % N.° % N.° % N.° %
Lisboa 545923 71245 | 13% | 55002 | 10% | 291881 | 53% | 127795 | 23% 1.79
Ajuda 14313 1796 | 13% | 1267 | 9% 7326 | 51% | 3924 | 27% 2.18
Alcantara 13852 1774 | 13% | 1196 | 9% 7540 | 54% | 3342 | 24% 1.88
Alvalade 33313 4639 | 14% | 3335 | 10% | 17100 | 51% | 8239 | 25% 1.78
Areeiro 21167 2781 | 13% | 2218 | 10% | 11105 | 52% | 5063 | 24% 1.82
Arroios 33307 3456 | 10% | 3135 | 9% | 20039 | 60% | 6677 | 20% 1.93
Avenidas Novas 23261 3047 | 13% | 2460 | 11% | 12296 | 53% | 5458 | 23% 1.79
Beato 12185 1351 | 1% | 1144 | 9% 6547 | 54% | 3143 | 26% 2.33
Belém 16549 2468 | 15% | 1727 | 10% | 7961 | 48% | 4393 | 27% 1.78
Benfica 35367 4102 | 12% | 3194 | 9% | 17595 | 50% | 10476 | 30% 2.55
Campo de Ourique 22146 3156 | 14% | 2071 | 9% | 11489 | 52% | 5430 | 25% 1.72
Campolide 14794 1702 | 12% | 1387 | 9% 8108 | 55% | 3597 | 24% 2.1
Carnide 18029 2462 | 14% | 2016 | 1% | 9282 | 51% | 4269 | 24% 1.73
Estrela 20308 3028 | 15% | 2107 | 10% | 10982 | 54% | 4191 | 21% 1.38
Lumiar 46338 6790 | 15% | 5182 | 11% | 24677 | 53% | 9689 | 21% 1.43
Marvila 35482 4699 | 13% | 3721 | 10% | 18521 | 52% | 8541 | 24% 1.82
Misericordia 9660 953 | 10% | 845 9% 5627 | 58% | 2235 | 23% 2.35
Olivais 32184 3867 | 12% | 3260 | 10% | 16504 | 51% | 8553 | 27% 2.21
Parque das Nagdes 22382 3961 | 18% | 2707 | 12% | 12315 | 55% | 3399 | 15% 0.86
Penha de Franga 28485 3077 | 11% | 2579 | 9% | 16243 | 57% | 6586 | 23% 2.14
Santa Clara 23650 4464 | 19% | 2884 | 12% | 12427 | 53% | 3875 | 16% 0.87
Santa Maria Maior 10052 875 9% 852 8% 6298 | 63% | 2027 | 20% 2.32
Santo Anténio 11062 1306 | 12% | 1067 | 10% | 6308 | 57% | 2381 | 22% 1.82
S&o Domingos de Benfica 34081 4058 | 12% | 3469 | 10% | 17557 | 52% | 8997 | 26% 2.22
Séo Vicente 13956 1433 | 10% | 1179 | 8% 8034 | 58% | 3310 | 24% 2.31
Table A.0-10 - Variables description of original dataset
variable count mean std min 25% 50% 75% max
(median)
FID 8726 4362.50 2519.12 0.00 2181.25 4362.50 6543.75 8725.00
CODE 8726 21691.25 | 21765.90 1.00 4679.75 | 13695.50 | 30675.75 79710.00
QUARTER 8726 2.55 1.12 1.00 2.00 3.00 4.00 4.00
SEMESTER 8726 1.51 0.50 1.00 1.00 2.00 2.00 2.00
YEAR 8726 2012.71 297 2008.00 | 2010.00 2013.00 2015.00 2018.00
PARISH_Cod 8726 14.32 6.42 1.00 9.00 15.00 20.00 23.00
ZONE_Code 8726 4.23 1.92 1.00 3.00 4.00 6.00 7.00
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50%

variable count mean std min 25% (median) 75% max
CONSTRUCTI 8726 1967.20 27.94 1550.00 | 1951.00 1960.00 1992.00 2018.00
BUILDING_F 8726 4.58 3.55 0.00 2.00 4.00 7.00 26.00
TYPOLOGY_C 8726 3.75 1.78 1.00 3.00 3.00 5.00 17.00
FLOOR 8726 2.50 2.30 -3.00 1.00 2.00 4.00 20.00
FLOOR_Extr 8726 0.01 0.13 0.00 0.00 0.00 0.00 3.00
AREA 8726 102.55 67.21 10.00 62.80 87.00 124.50 2355.00
BUILDING_2 8726 2.35 0.59 1.00 2.00 2.00 3.00 3.00
APARTMENT1 8726 242 0.67 1.00 2.00 3.00 3.00 3.00
ABANDONED_ 8726 1.65 0.67 0.00 2.00 2.00 2.00 2.00
ONUS_Code 8726 3.89 1.70 0.00 3.00 5.00 5.00 5.00
BUYER_Code 8726 0.55 1.1 0.00 0.00 0.00 0.00 5.00
NORMALIZED 8726 1.00 0.58 0.00 0.62 0.89 1.24 6.00
NORMALIZ_1 8726 1.00 0.58 0.00 0.62 0.89 1.23 6.02
NORMALIZ_2 8726 1.00 0.58 0.00 0.62 0.89 1.24 6.14
PURCHACE_U 8726 0.94 0.55 0.00 0.56 0.82 1.17 5.39
PURCHACE_1 8726 0.94 0.56 0.00 0.56 0.82 1.17 5.40
PURCHACE_2 8726 0.94 0.56 0.00 0.56 0.82 1.17 5.40
X 8726 -8.08 2.95 -9.23 -9.17 -9.15 -9.13 0.00
y 8726 34.16 12.49 0.00 38.71 38.72 38.74 38.79
POI_Metro 8726 443.27 365.40 -1.00 194.62 373.17 607.49 2723.38
POI_Mercad 8726 208.52 193.99 -1.00 69.94 158.55 294.18 1256.31
POI_Saude 8726 135.31 115.27 -1.00 60.24 116.58 187.79 838.02
POI_Parque 8726 182.59 152.74 -1.00 63.87 158.79 269.15 1181.44
POI_Estudo 8726 640.01 652.37 -1.00 274.86 485.78 730.58 3623.18
POI_Emerg 8726 586.14 458.65 -1.00 252.46 482.61 872.79 2191.54
POI_CBD 8726 1682.61 1381.01 -1.00 562.26 1387.68 2530.87 6568.03
POI_Cemit 8726 1378.01 840.92 -1.00 743.81 1388.38 1993.21 3386.58
POI_AcRodo 8726 349.54 288.95 -1.00 138.67 297.24 496.16 1698.42
POI_Univer 8726 633.04 518.14 -1.00 275.76 537.83 850.27 3491.78
POI_Indust 8726 1372.25 1010.38 -1.00 611.34 1283.74 1941.66 4580.90
POI_Rio 8726 2071.29 1969.26 -1.00 549.46 1401.07 3020.91 8051.90
POI_Escola 8726 266.81 170.10 -1.00 144.27 264.62 379.82 873.58
POI_ESPriv 8726 552.58 414.92 -1.00 251.04 494 .93 782.09 2205.28
ESPubl 8726 600.71 400.80 -1.00 339.87 581.83 828.72 2944.08
AUGI 8726 0.00 0.04 0.00 0.00 0.00 0.00 1.00
GEBALIS 8726 0.04 0.20 0.00 0.00 0.00 0.00 1.00
RUIDO 8726 1.50 1.15 0.00 1.00 1.00 2.00 5.00
VULInund 8726 0.53 0.95 0.00 0.00 0.00 1.00 3.00
VULSismo 8726 2.00 1.11 0.00 1.00 2.00 3.00 4.00
VULMass 8726 0.04 0.28 0.00 0.00 0.00 0.00 3.00
Park50M 8726 22.05 25.16 0.00 0.00 13.00 40.00 160.00
Culture500 8726 2.19 4.34 0.00 0.00 0.00 2.00 26.00
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Table A.0-11 - BRD mean values for old parishes.

Parish Code OLD_PARISH BRD_PROXIMO
48 Séao Nicolau 0.839
18 Madalena 0.721
49 Séo Paulo 0.628
33 Santiago 0.597
35 Santo Estévao 0.565
21 Martires 0.522
47 Sao Miguel 0.509
26 Sacramento 0.509
11 Castelo 0.507
37 Socorro 0.502
52 Sé 0.487
42 Sao José 0.487
13 Coragéo de Jesus 0.478
45 Sé&o Joao de Deus 0.469
24 Penha de Franga 0.466
51 Séo Vicente de Fora 0.459
23 Pena 0.434
5 Anjos 0.431
36 Santos-o-Velho 0.420
38 Sao CLrl)sJ?E\}/:goe Sao 0.419
20 Mercés 0.410
41 Sao Jorge de Arroios 0.407
46 S&éo Mamede 0.404
27 Santa Catarina 0.393
2 Alto do Pina 0.390
16 Lapa 0.375
30 Santa Justa 0.367

8 Campo Grande 0.358
3 Alvalade 0.352
15 Graca 0.349
28 Santa Engracia 0.348
22 Nossa Senhora de Fatima 0.345
43 S&o Joado 0.338
6 Beato 0.333
44 Sé&o Joao de Brito 0.329
50 Sé&o Sebastido da Pedreira 0.324
29 Santa Isabel 0.307
34 Santo Condestavel 0.301
25 Prazeres 0.294
14 Encarnacgao 0.281
39 Sao Domingos de Benfica 0.268
1 Alcéantara 0.262
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Parish Code OLD_PARISH BRD_PROXIMO
9 Campolide 0.239
31 Santa Maria de Belém 0.218
32 Santa Maria dos Olivais 0.216
19 Marvila 0.205
7 Benfica 0.202
10 Carnide 0.134
17 Lumiar 0.130
0 Ajuda 0.120
40 Sao Francisco Xavier 0.070
12 Charneca 0.067
4 Ameixoeira 0.031

Table A.0-12 - BRD mean values for new parishes

Parish Code NEW_PARISH1 BRD_PROXIMO
20 Santa Maria Maior 0.546
15 Misericérdia 0.465
21 Santo Anténio 0.451
3 Areeiro 0.446
4 Arroios 0.419
18 Penha de Franca 0.410
23 Séo Vicente 0.397
2 Alvalade 0.348
12 Estrela 0.347
5 Avenidas Novas 0.337
6 Beato 0.333
9 Campo de Ourique 0.304
29 Sao Domipgos de 0.268

Benfica
1 Alcantara 0.262
10 Campolide 0.238
16 Olivais 0.217
14 Marvila 0.205
8 Benfica 0.197
17 Parque das Nagobes 0.196
7 Belém 0.179
11 Carnide 0.144
13 Lumiar 0.129
0 Ajuda 0.120
19 Santa Clara 0.035
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variable

VULInund
VULSismo
Codigo_SI

X

Culture500
BRD_PROXIMO
BRD_AFASTADO
POI_Cemit
VUACTUAL_MAF_FINAL
VUACTUAL_MAF
FM_MAF
Park50M
VULMass
ABANDONED_
ONUS_Code
TYPOLOGY_C
POI_Escola
POI_Parque
FLOOR_Exir
AREA

FLOOR

AUGI
NORMALIZED
ESPubl
BUILDING_F
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BUYER_Code
CONSTRUCTI
POI_Univer
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POI_Indust
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POI_Estudo
POI_ESPriv
RUIDO
POI_Metro
POI_CBD
POI_Rio
BUILDING_2
APARTMENT1
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Figure A.0-3 - Correlation matrix of variables and components
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Features

Features

Figure A.0-4 - Most important features for Lumiar (RMSE: 0.388666)
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Figure A.0-5 - Most important features for Estrela (RMSE: 0.727539)
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Features

Features

CONSTRUCTI

TYPOLOGY_C

POI_Mercad

CONSTRUCTI

TYPOLOGY_C

Figure A.0-6 - Most important features for Avenidas Novas (RMSE: 0.636906)
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Figure A.0-7 - Most important features for Penha de Franga (RMSE: 0.271429)
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Features

Features

Figure A.0-8 - Most important features for Arroios (RMSE: 0.804470)
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Figure A.0-9 - Most important features for Areeiro (RMSE: 0.452114)
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Features

Figure A.0-10 - Most important features for Campo de Ourique (RMSE: 0.393831)
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Figure A.0-11 - Most important features for Santo Anténio (RMSE: 0.462867)
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Figure A.0-12 - Most important features for Misericérdia (RMSE: 0.471758)
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Figure A.0-13 - Most important features for Santa Maria Maior (RMSE: 0.479415)
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Features

Figure A.0-14 - Most important features for Sdo Vicente (RMSE: 0.495672)
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Figure A.0-15 - Most important features for Beato (RMSE: 0.301045)
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Features

Features

Figure A.0-16 - Most important features for Ajuda (RMSE: 0.363067)
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Figure A.0-17 - Most important features for Belém (RMSE: 0.537783)
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Figure A.0-18 - Most important features for Alcdntara (RMSE: 0.397019)
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Figure A.0-19 - Most important features for Benfica (RMSE: 0.288159)

Feature importance

3196.0

CONSTRUCTI

AREA 2672-0

22490

FLOOR

Features

2022.0

POI_Escola

oo [ 1.2

2000 2500 3000 3500
F score

)
s
3
..
<]
=g
3
G
s
3

217



Figure A.0-20 - Most important features for Santa Clara (RMSE: 0.175795)

Feature importance

consreucr | ..

R e B I 16,0

LO0R s B 566.0

Features

U DING. e Bl 4100

oS e B 752.0

100 200 300 400 500 600 700
F score

)

Figure A.0-21 - Most important features for Carnide (RMSE: 0.747987)
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Figure A.0-22 - Most important features for SGo Domingos de Benfica (RMSE: 0.305182)
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Figure A.0-23 -Most important features for Olivais (RMSE: 0.230601)
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Features

Features

Figure A.0-24 - Most important features for Alvalade (RMSE: 0.425449)
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Figure A.0-25 -Most important features for Campolide (RMSE: 0.414885)
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Features

Figure A.0-26 - Most important features for Marvila (RMSE: 0.120865)
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Table A.0-13 - Mode of top mentioned risks in the survey, grouped by parish

Sample
Parish Mode Size

Ajuda Sismos 6
Alcantara Inundagdes 1
Alvalade Sismos 16
Areeiro Sismos 7
Arroios ['Incéndios', 'Sismos'] 6
Avenidas Novas ['Assaltos’, 'Sismos'] 20
Beato ['‘Assaltos’, ‘Inundagdes'] 2
Belém Assaltos 10
Benfica ['Incéndios', 'Sismos'] 15
Campo de Ourique Sismos 6
Campolide Sismos 21
Carnide Incéndios 9
Estrela Sismos 8
Lumiar Sismos 24
Marvila ['Incéndios’, 'Sismos'] 2
Misericordia Incéndios 1
Olivais Sismos 6
Parque das Nacoes Sismos 6
Penha de Franca Incéndios 5
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Sample
Parish Mode
Size
Santa Clara Incéndios 8
Santa Maria Maior Sismos 1
Santo Anténio Sismos 5
S&ao Domingos de
['Incéndios', 'Sismos'] 14
Benfica
Sao Vicente ['Assaltos', 'Incéndios', 'Sismos'] 3

Table A.0-14 - Entities contacted by email

Professional Associations

Ordem dos Engenheiros - Regigo Sul

Ordem dos Engenheiros Técnicos

Ordem dos Arquitectos - Regido Sul

Real Estate Associations

APPII

APPC

AICCOPN

AECOPS

Associagao Lisbonense de Proprietarios

Associagado Nacional de Proprietarios

habita! - Associagao pelo direito a habitagdo e a cidade

APEMIP - Associagéo dos Profissionais e Empresas de Mediagao Imobiliaria de Portugal

Grupo Habitar - Associagdo Portuguesa para a Promogao da Qualidade Habitacional

ASSOCIAGAO PORTUGUESA DE FUNDOS DE INVESTIMENTO, PENSOES E PATRIMONIOS

FENACHE

COOHABITA - Cooperativa Nacional de Habitagédo

Civil Parishes

Junta de Freguesia de Alcantara

Junta de Freguesia do Areeiro

Junta de Freguesia de Arroios

Junta de Freguesia das Avenidas Novas

Junta de Freguesia do Beato

Junta de Freguesia de Belém

Junta de Freguesia de Benfica

Junta de Freguesia de Campo de Ourique

Junta de Freguesia de Campolide

Junta de Freguesia de Carnide

Junta de Freguesia da Estrela

Junta de Freguesia do Lumiar

Junta de Freguesia de Marvila
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Civil Parishes

Junta de Freguesia da Misericordia

Junta de Freguesia dos Olivais

Junta de Freguesia do Parque das Nagdes

Junta de Freguesia da Penha de Franga

Junta de freguesia de Santa Clara

Junta de Freguesia de Santa Maria Maior

Junta de Freguesia de Santo Anténio

Junta de Freguesia de Sdo Domingos de Benfica

Junta de Freguesia de Sao Vicente

Junta de Freguesia de Alvalade

Junta de Freguesia da Ajuda

Neighbors' Associations

Associagaéo de Moradores do Bairro de S. Jodo de Brito - Alvalade - Lisboa

Associagédo de Moradores do Casal Ventoso

Vizinhos de Arroios — Associagdo de Moradores

Associagdo de Moradores do Bairro Novo de Carnide e Quinta do Bom Nome

ASS. MORADORES BAIRRO ALTO

ARAL - Associagdo de Residentes do Alto do Lumiar

Avenidas Novas - Associagao de Moradores das Avenidas Novas de Lisboa

ASSOCIAGAO PRINCIPE + REAL

Associagédo dos Moradores de Santos

Associagédo de Moradores do Alto da Serafina

Comissao De Moradores Do Bairro Da Calgada Dos Mestres

Associagédo Recreativa de Moradores e Amigos do Bairro da Boavista

Associagédo de Moradores do Bairro do Charquinho

Associagaéo de Moradores do Bairro de Santa Cruz de Benfica e Zonas Contiguas

Associagdo de Moradores do Bairro das Pedralvas

Associa¢do de Moradores do Bairro do Calhariz de Benfica

Associagdo de Moradores da Quinta da Granja e Colégio Militar

Associagédo de Moradores da Monsanto Benfica

Associacéo de Pais do Jardim de Infancia N°1

Associagao de Pais da E.B. 2.3 Pedro de Santarém

Associacéo de Pais EB1 Jorge Barradas

Associacéo de Pais e Técnicos do Infantario Pedrita

Associac¢édo de Educadores da Escola Basica Quinta de Marrocos

Associacao de Pais e EE EB1 n.° 124 e JI n.°2 da Escola Parque Silva Porto

Vizinhos.org

ATENEU DA MADRE DE DEUS

ASSOCIAGAO DE MORADORES DAS VILAS OPERARIAS DO BEATO

Associagédo de Moradores das Torres do Alto da Eira

ASSOCIAGAO DE MORADORES VIVER MELHOR NO BEATO
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Neighbors' Associations

ASSOCIAGAO MORADORES E EMPREENDEDORES DO BEATO

Associagéo Passeio Publico

AMBCVL - Associagdo Moradores B°® Cruz Vermelha Lumiar

Comissao de Moradores do Bairro Azul

Associagao de Actividades Sociais do Bairro 2 de Maio

CASES - Cooperativa Antonio Sérgio para a Economia Social

Large companies operating in Lisbon

EDP

CTT

TAP

Other Public Companies and Institutions

CIUL

SRU

CERIS

IRHU

Figure A.0-27 - Copy of the flyers distributed by hand and through mailboxes

Ajude-nos a
melhorar a sua
seguranca!

Queremos saber a sua opiniao.
Participe no Inquérito sobre a
percepc¢ao de risco no imobiliario.

Sao 5 mins que poderao fazer a
diferenca.

Use o QR code acima ou va a
https://arcg.is/01K9re

]
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ANNEX B

This section will detail the survey questions asked in each group.

9)

Demographics
Please indicate the total number of household members. (Options: 1; 2; 3; 4; 5+)

Are any children (<18 years old) currently living in this dwelling? (Binary: yes/no)
How much is your household’s average monthly income?'®® (Options: <1000€; 1001-2000€;
2001-3500€; 3501-5000€; >5000€)

The following questions concern the head of household:

Please indicate your gender. (Options: Male; Female; Other)

Please indicate your age group. (Options: 16—34 years; 35-54 years; >55 years)

Please indicate your marital status. (Options: Single; Married; Divorced; Widowed; Other)
Education level (Options: No schooling completed; Elementary school; High school; Bachelor’s
degree; Master’s degree; PhD)

Housing

Do you live in Lisbon municipality? (Binary: yes/no)

Please indicate your address or zip-code. (Open question)

Please indicate your parish. (Options: selected from a list of Lisbon’s parishes)

What is your house’s current ownership status? (Options: homeowner; private market renter;
public housing renter)

If you are a renter, how much do you pay per month? (Options: <500€; 501-1000€; 1001€-
1500€; 1501-2500€; >2500€)

If you are a homeowner, what is your best guess for the house’s market value? (Options: <100k;
100k-250k; 250k-500k; 500-750k; >750k)

Do you know the exact construction year of your building? (Open: indicate year)

When was your building built? (If you don’t know the answer, please provide your best guess)
(Options: <1755; 1775-1880; 1880-1930; 1930-1960; 1960-1985; 1985-2000; 2000-2010;
>2010)

What is your dwelling’s total surface area? (Options: < 50 m?; 51-100m? 101-150m?; 151-
200m?; >200m?)

10) How many rooms does it have? (Options: 0; 1; 2; 3; 4; 5+)
11) What is your building’s construction type? (Options: masonry, reinforced concrete, steel frame,

other, unknown)

12) How many floors does it have? (Options: <3; 3-5; 6-8; 9-11; >11)

C.

1)

Perception and action towards risk
Rank the following risks to your property from the most concerning (1) to the least concerning
(5). (Options: home robbery; floods; earthquakes; fire; others)

Classify the following statements from (1) Completely disagree to (5) completely agree
“Following the safety of my family, the safety of my home is my number one priority”.

“If my home is going to be robbed, there isn’t much | can do about it”

“If floods are going to occur, there is not much my city/community can do to lessen its effects”
“If an earthquake is going to harm me, it will, and there isn’t much that | can do about it”

199 As reported by Manganelli et al. (2018), some individuals may be reluctant to declare personal income. The formulation in
income brackets is an attempt to overcome it
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10) “All recent buildings are safe to earthquakes due to restrictive building codes.’

“If an earthquake is going to occur, there is not much my city/community can do to lessen its
effects”

“If an earthquake is going to occur, the government will take care of me.”

“If an earthquake is going to occur, my insurance policy will take care of me.”

“My building is safe against earthquakes.”

3

11) Have you experienced an earthquake before? (Binary: yes/no)

12) Do you have earthquake insurance? (Binary: yes/no)

13) If yes, how much do you pay per year? (Open question)

14) Select which of the following are valid earthquake risk mitigating measures. (Options: (a) Secure

heavy objects to walls and floors, such as shelves, bookcases, cabinets, and water heaters; (b)
In case of a seismic event, get into the elevator as soon as possible to exit the building (c) In
case of a seismic event, shelter against an inside wall, or under sturdy furniture such as heavy
desks or tables; (d) In case of a seismic event, shelter against an outside wall, or near a window,
So you can see what is going outside.)

Willingness to pay for mitigating measures.

Would you be willing to pay more for a house safer to earthquake risk? (Binary: yes/no)

If yes, how much would you be willing to pay for it? As a percentage of house market price/rent
(Options: 0%; 1-5%; 5-10%;, 10-15%; >15%)

If no, why is that? (Options: It is a waste of money; | am not worried about earthquake risk; My
building is already safe; Other)

Would you be willing to have a discount on price, for a house less resistant to earthquakes?
(Binary: yes/no)

Would you be willing to pay for the structural retrofitting of your building? (Binary: yes/no)

If yes, how much would you be willing to pay for it? As a percentage of house market price/rent
(Options: 0%; 1-5%; 5-10%, 10-15%; >15%)

If yes, how much would you be willing to pay it? Please indicate in euros (Open-ended question)
If yes, how would you prefer to do it? (Options: as a percentage of the municipal property tax
(IMI); as a one-time payment to the municipality; direct payment to contractors with tax benefits)
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