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ABSTRACT 

 

The purpose of this study is to estimate the willingness to pay to avoid flooding after a storm surge 

in the coastal area. I conducted a first stage hedonic house prices study using a difference-in-

differences approach. The analysis covers single-family houses located within the 3-kilometre 

buffer strip zone along the coastlines in 6 municipalities in Zealand, Denmark. More than 12,000 

house sales transactions are included for the study during the period between 2007 and 2016. I used 

a historic storm, Bodil, which harshly hit Denmark in 2013, as a treatment for the setting of the 

difference-in-differences approach. Structural variables and environmental variables entered the 

estimation as control variables, and spatial and temporal autocorrelations were accounted for by 

spatial fixed effects and year dummies. 

 

I found that the value of the houses flooded in 2013 is 19.4% lower than the unflooded houses, 

which is equivalent to DKK 115,219,540 for the flooded houses transacted during the study period. 

Moreover, the applied results of all houses in the study area based on the predicted sales prices 

show that the total economic value is DKK 528,705,356. This difference was observed even though 

the material damage costs were reimbursed from the Danish Storm Council when a storm surge 

floods the houses. Flooded houses and unflooded houses did not show any systematic differences in 

their price development before the treatment. These results could be evidence that there is non-

material cost of flooding reflected in the house values.  
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1 Introduction 

1. Introduction 

Climate change has caused a series of problems across the world, and Denmark is not an 

exception. For a country like Denmark, which has long coastlines, flooding has been a 

significant problem among many others caused by the climate change. Flash flood and flooding 

by storm surge are two main types of flooding; flash flood is rapid flooding of a geographically 

low-lying area, and flooding by storm surge is flooding of a coastal area due to the sea level rise 

typically coupled with a low-pressure weather system. Though both flooding types have been 

growing problems in Denmark, storm surge is a burgeoning threat that can lead to even more 

substantial complications. The extent of the damage from the storm surge can be not only 

broader regarding the size of the affected area but also worse due to the destructive power of the 

surge and the strong waves. The adverse effects of salty water on the ground and properties are 

just adding more problems.  

 

A massive storm, Bodil, hit Denmark in December 2013 and led to severe damages over 

many municipalities with storm surge. According to Danish Meteorological Institute (DMI), 

Bodil is the first storm to be officially named in the Danish weather history to facilitate the 

communication considering the massive impact of the historic storm (Niels 2015). Regarding the 

strength, the storm was within the top ten strong storms in the Danish weather history, but not 

even close to number three. However, the unlucky passage of the storm from southwest to 

northwest together with its unusual longevity made this storm as a 100-year return period event. 

This combination exacerbated high sea level rise around Kattegat sea area where we can find 

many fjords and water passages with their openings towards up north from where the water was 

surging in. One of the examples is the city of Roskilde, which experienced the unprecedented 

2.06-metre sea level rise compared to its usual level. Roskilde and neighbouring municipalities 

are the ones which were markedly hit by Bodil, and the city of Copenhagen was just a few 

centimetres away from flooding.  

 

Climate change makes the used-to-be-unusual phenomena as the new standard, and we 

expect to see extreme weather events more frequently. The sea-level rise of 1.7m than the usual 

level in Copenhagen, where this rise is currently a 500-year return period event, may happen 

several times a year in 2100 as the usual sea-level will have risen 1 metre permanently by the 

time due to the climate change (Christensen et al. 2014).  

 

There have already been a few more storm surges harming coastal cities in Denmark after 

Bodil, and many municipalities prone to storm surge need to take actions or are already taking 

measures against the storm surge. After a long list of public meetings and project planning since 

Bodil, the municipality of Roskilde got approval from the Ministry of Environment and Food in 

February 2018, which approves a coastal protection project composed of a fjord dyke, a 

perpendicular dyke to the coastline, a river dyke, a sluice, and a pump station.  

 

If the cost of such protection project is lower than the cost of flooding, i.e. the benefit of 

the protection project, then the project should be approved and proceeded. Then which type of 

cost elements should be considered for estimating the cost of flooding? Is it enough to include 

only material costs to the analysis?  

 

When we limit the discussion to the damage to the individual households, not to the 

economy in general through the general equilibrium effects, the material costs are 

straightforward to estimate. It is because there are accumulated data through the Danish Storm 

Council, which is responsible for storm surge damage compensation. However, to estimate the 
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non-material costs is relatively complicated and not as apparent as the material costs. These non-

material costs are often referred to as capitalised costs of property risk factors in recent hedonic 

economic literature studying flood hazard risks1.  

 

What another difficulty lies in the project cost estimation is the reliable data collection. 

There are many related parties involved in the project with conflicts of interests. The project 

costs in Denmark should be allocated based on the benefits the individual parties receive from 

the protection. It is following the Danish Coastal Protection Act, which stipulates that property 

protection is the responsibility of the property owners. Depending on the level, the design, and 

the method of the protection, the costs of the project and the scope of the protected parties will 

vary, and there can be numerous different opinions for and against the project. Therefore, there 

are risks of some people lying to state their maximum willingness to pay too low to hinder the 

project or some others too high to secure the project if a municipality government conducts a 

Cost-Benefit Analysis (CBA) by asking how much people are willing to pay for a proposed 

protection project. Moreover, sometimes, people may not realise how much the flooding event 

cost for them before they experience the event due to lack of information. As a result, they can 

end up stating their willingness to pay too low. Even though people are willing to state their 

genuine willingness to pay, the amount can be limited to the physical damage costs to their 

properties for the same reason of lacking information. These potential yet quite probable 

situations reduce the reliability of the surveyed data. Moreover, the surveyed data can falsely 

reject the proposed project because of the underestimated total benefits based on the understated 

willingness to pay.  

 

Revealed preference methods, particularly the hedonic pricing method, can overcome these 

issues when conducting CBA for this type of protection project. It is because the revealed 

preference methods let us infer how much people value the protection measure from their actual 

choice made within the housing markets (Boyle 2003). Considering that the material damages 

can be compensated by the Danish Storm Council, we can assume that the price differential 

recovered from the hedonic method may refer non-material cost, the rest of the total costs after 

deducting the material costs. 

 

Through this reflection above, the principal research question to answer through this study 

is formulated as: 

 

• How much is the maximum willingness to pay for Danish households to avoid a coastal 

flooding event conditional that the material damages are compensated? 

 

Based on the answer to this question, I will also attempt to answer an extra, yet not the 

focal question: 

  

• What is the total economic value of coastal flooding prevention measures to single-

family houses in the study area? 

 

To answer these questions, I conduct the first-stage hedonic pricing study using a 

difference-in-differences approach. To address the spatial dependence problems, I employ the 

spatial fixed effect.  

                                                 

 

 
1 The meta-analysis conducted by Beltrán et al. (2018) contains a list of recent hedonic literature analysing the 

capitalisation effect of the flooding to property values.  
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This study provides a unique value since it is filling a tiny but missing hole in the existing 

literature regarding the general hedonic study of coastal flooding as well as Danish flooding 

study. There are quite a few spatial difference-in-differences hedonic studies in the coastal 

flooding context especially in the east coast of the United States. However, the way most of the 

literature addresses the spatial dependence is spatial econometrics either using spatial lag terms 

or spatial error terms. Unlike the case in the United States, there is not much literature studying 

the economic impact of flooding in Denmark. A relevant study found calculates the direct costs 

of storm surges under different climate change scenarios with different sea level rises using an 

economic input-output (IO) model (Hallegatte et al. 2011), whereas this thesis is focusing on the 

welfare measure ruling out general equilibrium effects. 

 

The structure of this thesis is organised as follows. Chapter 2 elaborates the welfare 

economic theory underlying the economic valuation methods including hedonic pricing method 

and describes some relevant econometric theories to this study. The notion of value is defined to 

delimit unnecessary confusion and to clarify the scope of the economic valuation. Essential 

economic welfare measures are elaborated to use these measures to the welfare interpretation of 

the results. Detailed theory and assumptions are provided only for the hedonic pricing method; 

however, other related theories are also briefly introduced to emphasise the advantages and 

disadvantages of the hedonic pricing method. Theory for difference-in-differences is also an 

essential element for this study, specifically, how the difference-in-differences estimator should 

be interpreted in the hedonic study context when the change is non-marginal.   

 

In chapter 3, the dataset for the study, the study area, and the study period are described. 

Following the case description, the statistical model developed from the theoretical model is 

specified as well as the model variables descriptions and constructions. Functional forms chosen 

for individual variables are described, and the reasons for the choices are explained. How the 

data are trimmed before the modelling is also briefly discussed. 

 

Chapter 4 exhibits the model results of both preliminary and final models for their 

comparison, and the statistical issues are formally tested and corrected. Coefficients of 

explanatory variables are interpreted, and expected signs are compared with the actual results.  

 

In chapter 5, results are put into perspective in the economic theory, and I discuss how the 

results can be interpreted on the ground of welfare economics theory which leads us to the 

answer for the research questions. Methodological strengths and weaknesses of the model for 

this study are discussed as well.  

 

Chapter 6 concludes the study, and the study is put into perspective in the final chapter.  

 

 

  



 

 

4 Economic theories 

2. Economic theories 

Estimating impacts of flooding or any other natural disasters is the interest of many 

economic entities in the society, such as affected individuals, individuals living close to the 

affected areas, insurance companies, policy decision makers, taxpayers, or any other individuals 

or companies for some reasons. How to measure these impacts in economic terms is critical, as 

there lie in many conflicting interests among economic entities especially when the estimated 

impacts in a specific economic measure can be used for political decisions for the society. These 

policies could include building dykes or other types of coastal barriers by full or partial 

government funding or compensating damages through subsidies by the interests of the society.  

 

However, what is the true interest of society as a whole derived from the preferences of 

individuals? Do they ever exist? If so, how can we reliably derive that? Neoclassical welfare 

economics has stemmed from microeconomics in an attempt to answer these questions, and to 

define, measure and promote social welfare (Feldman 2008). This thesis is based on the standard 

neoclassical welfare economics as its theoretical ground while keeping behavioural welfare 

economics apart from discussions.  

 

Living close to the sea and having a scenic view is considered as a luxury of modern life. 

More and more houses are built along the coastlines, and these houses tend to be more 

expensive. The scenic view is a typical example of an environmental amenity that has a positive 

economic value. However, households living close to the coastlines should bear the risk of 

flooding, which will damage the housing when the risk is realised. This risk has a negative 

economic value decreasing the housing price than otherwise. Environmental amenities like 

scenic views and risk of flooding are not traded in the market although they have economic 

values. Thus, it is not possible to evaluate their economic values directly by observing the market 

prices. Instead, alternative approaches are necessary for economic valuation of environmental 

amenities. 

 

Not having a perfectly functioning market is a typical characteristic of most environmental 

service flows. It is primarily due to non-excludability and non-rivalry in consumption of the 

environmental service flows; these are public good characteristics serving as pre-conditions for 

market failure (Freeman et al. 2014). There are two fundamental theorems of welfare economics: 

first, a competitive equilibrium is Pareto optimal with few exceptions, second, almost any Pareto 

efficient allocations can be achieved through a competitive market system under certain 

conditions. These theorems let vast of welfare economics literature switch back and forth 

between individual utility maximisation problems and social welfare maximisation problems 

without discussing much how individual preference functions are aggregated to a social welfare 

function (Gintis 1972). The few exceptions in the first welfare economics theorem include those 

goods having externalities or public good characteristics, which is the case of environmental 

services.  

 

The conventional theoretical welfare economics was lacking practical means to handle 

these externalities and public good characteristics. The applied welfare economics, which we are 

based upon for the thesis, has, therefore, emerged and developed to recover the economic value 

of environmental services from the societal point of view while addressing the externalities and 

public good characteristics problem (Smith 1988). 

 

The applied welfare economics provides principles for investment and management 

decisions. These principles apply in cases where the public sector should in some ways intervene 
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in or supervise production activities such that changes in the inputs to or outputs from these 

public-sector activities can result in efficient resource allocations (Smith 1988). The welfare 

economics generally focuses on how to measure changes in the total output, i.e., total economic 

value (TEV), in the economy (Feldman 2008). TEV is the net sum of willingness to pay (WTP) 

and willingness to accept (WTA) of all relevant individuals in the society for a change in the 

inputs or outputs in the economy (Pearce et al. 2006).  

 

The first section of this chapter describes the welfare economic theory which will be 

followed by the second section describing different welfare measures and the concept of Total 

Economic Value (TEV).  In the third section, I will discuss different techniques to measure 

welfare changes which can be divided into two big branches, namely, revealed preference (RP) 

and stated preference (SP) techniques. Among RP techniques, hedonic pricing method (HPM) 

will be discussed more in details as it is a central methodology of this study. In the fourth 

section, a few econometric methodologies for pooled cross-sectional analysis will be described. 

With a pooled cross-sectional dataset, this study adopts the difference-in-differences approach 

and fixed effects model accounting for both temporal and spatial dynamics. In the last section, I 

will introduce the theoretical model of this study, how hedonic pricing and econometric methods 

will be applied to this analysis.  

2-1.    Welfare economic theory 

Flooding is an example of environmental services which have values, both economic and 

non-economic, to human beings. Recovering economic values has been great interests of 

policymakers or other economic agents to support their environmental investment and 

management decisions. For the further discussion of the economic value recovery, we need to 

clearly define a few notions, such as environmental services and values.  

2-1-1.    Environmental services 

Environmental services are service flows people receive from nature, or more specifically 

natural and environmental resources, which are an array of assets or a type of natural capital 

(Freeman et al. 2014). There are an immense set of valuable services these resources provide us 

ranging from pollination by honey bees, food and resources provided from the nature, carbon 

sequestration, waste decomposition, and water and air filtration; the services are generally 

categorised into four, namely, supporting, provisioning, regulating, and cultural services (Mulder 

et al. 2015). Though the services are valuable to us, it is very typical that the value of these 

services are not fully or at all captured in the value of the natural resources providing those 

services when the resources are traded in the market. If there was a well-functioning market 

system for environmental services, we could have relied on the market system for pricing and 

resource allocation without economic valuation and following management decisions. However, 

these environmental services tend to include externalities and to have public good characteristics, 

i.e. non-excludability and non-rivalry, which result in market sending false signals about the true 

economic values of the natural resources. Therefore, we need to have economic measures to 

recover the value of environmental services.  

2-1-2.    The value of environmental services 

The notion of value in the context of environmental services can vary depending on where 

we perceive the value of the natural and environmental resources comes from either their 

existence or usages. There are some who argue that all existence, though it does not seem to have 

any function or usage nor no one needs or knows about it, has an intrinsic value for its account. 
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Whereas there are others who argue that things or services have their values only when they can 

contribute to some other purpose or goal concerning others (Freeman et al. 2014). In recent 

years, the concept of Total Economic Value (TEV), which will be more discussed later in the 

chapter, has been used to encompass different value components, namely, use, non-use, and 

option values, for the full value recovery of the environmental services (Pearce et al. 2006) while 

overcoming criticism over instrumental value concept. The TEV concept attempts to capture the 

intrinsic values of environmental services in the form of option and non-use values. However, 

the option and non-use values that the TEV concept captures are not strictly intrinsic values but 

instrumental values. The TEV is still an anthropocentric value that we, as human beings, put on 

goods and services because they increase our social welfare. How to incorporate non-

anthropocentric perception to economic valuation is increasingly questioned by ecological 

economists (Johansson-Stenman 2017), yet not answered enough to be widely accepted by 

mainstream economics for valuation.    

2-1-3.    Key assumptions and axioms in neoclassical welfare economics 

In neoclassical welfare economics, the economic value of goods and services arises when the 

goods and services can increase the well-being or utility of individuals by meeting their needs and 

wants, and this principle also applies to environmental services (Freeman et al. 2014). The standard 

welfare economic theory is based on key assumptions that everyone (1) is rational, (2) knows her 

preferences for goods in a well-defined manner ensuring the property of substitutability among the 

goods, and (3) conducts economic activities to increase own well-being by satisfying the 

preferences (Freeman et al. 2014). These key assumptions can be interpreted that there exists for an 

individual a well-defined set of preferences over goods and services which can be ordered logically 

and consistently. Four axiomatic constraints shown in Figure 1 are generally applied to define a 

consistent ordering of the preferences and to ensure the existence of an ordinal utility function 

which indexes the preference ordering (Hanley et al. 2007). It is notable that utility is unobservable 

and unmeasurable and that the utility in an ordinal utility function is just a continuous index of 

preferences which expresses the order of consumption bundles from the most to the least preferred 

relating to the level of utility from the highest to the lowest, respectively (Hanley et al. 2007). 

What we can measure from the utility function under the four axiomatic restrictions is a money 

metric of the utility function, which can again be measured by either willingness to pay (WTP) or 

willingness to accept (WTA) (Hanley et al. 2007).  

 

• Reflexivity – Each level of a good or service is as good as itself;  ∀𝑖: z𝑖 ≥ z𝑖. 

• Completeness – For any two levels of goods or services, the individual can always 

compare and rank all levels of the goods or services; ∀𝑖, 𝑗: z𝑖 ≥ z𝑗  ∨  z𝑖 ≤ z𝑗. 

• Transitivity – Preference ordering is transitive over goods and services bundles; 

∀𝑖, 𝑗, 𝑘: z𝑖 ≥ z𝑗  ∧  z𝑗 ≥ z𝑘 ⇒  z𝑖 ≥ z𝑘. 

• Continuity – The preference of an individual is continuous at any level of goods or 

services such that the goods or services can be marginally traded off for another good 

or income. 

Figure 1 Axioms of preference (Adapted from Hanley et al. 2007): These four axiomatic constraints 

are generally applied to define a consistent ordering of the preferences and to ensure the existence of an 

ordinal utility function which indexes the preference ordering. 

Willingness to pay (WTP) and willingness to accept (WTA) concepts are illustrated by 

following examples. Let us assume a situation where a change in an environmental service is 

expected; for example, government announces a prevention measure against flooding in a coastal 

area. An individual living in this area believes that he will be better off by the measure. To 
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secure this positive change, he may be willing to pay money up to a maximum amount equals to 

the economic value of the change. Instead, there can be another situation where an adverse 

environmental change is expected, such as a local municipality announces to build a waste 

incinerator in the neighbourhood of a small town. A person living in the town believes that the 

incinerator deteriorates the view and the air quality of the town, and she may be willing to accept 

money for compensation to tolerate the change at least to a minimum amount that equals to the 

negative economic value of the change. Under the four axiomatic constraints, the willingness to 

pay measure and the willingness to accept measure are consistent estimates of preference, thus 

welfare, on the ground of a rational choice theory (Hanley et al. 2007).  

2-2.    Welfare measures and total economic value 

As we discussed earlier, changes in environmental services can result in changes in an 

individual’s welfare, which we can measure by a money metric of the utility function. There are 

a few channels through which changes in environmental services result in changes in an 

individual’s welfare: changes in the price of the marketed goods; changes in the quantities or 

qualities of non-marketed goods; changes in the prices of production factors; and changes in the 

risks individuals confront (Freeman et al. 2014). In this chapter, I will discuss how to measure 

the welfare changes depending on these channels, though the discussions will be limited to the 

most relevant first two channels. The most relevant channel for this study is the quantity or 

quality changes of non-marketed goods, yet the first principle of price changes of marketed 

goods is also relevant because the environmental changes influence human welfare indirectly 

through price effects eventually (Freeman et al. 2014).  

 

This section outlines two types of welfare measures found in economic literature, 

Marshallian and Hicksian welfare measures, focusing on the latter through price and 

quantity/quality changes.   

2-2-1.    Marshallian consumer surplus 

Marshallian consumer surplus has long and widely been used to measure the welfare 

effects of price and income changes. It is often just referred as consumer surplus, as Alfred 

Marshal attributed chiefly to develop the concept of consumer surplus in the way we know now. 

Despite its popularity, Marshallian consumer surplus has several defects to be a measure of well-

being for the price and the income changes (Slesnick 2008). The first problem is that the 

Marshallian consumer surplus concept captures two behavioural effects: the substitution effect 

and the income effect; and the second problem is the uniqueness of the measure. 

 

The Marshallian demand curve is the function relating price to quantity, showing how the 

quantity demand of the commodity changes over marginal changes in the commodity price. 

Figure 2 illustrates the Marshallian demand curve and how a change in Marshallian consumer 

surplus is measured when the price of a good falls.  

 

Following the notations of Slesnick (2008), 𝐩 = (𝑝1, 𝑝2, ⋯ , 𝑝𝑛) is a vector of commodity 

prices, 𝑌𝑘 is the income of individual 𝑘, 𝑨𝒌 is a vector of demographic attributes of individual 𝑘, 

and 𝑥𝑖𝑘 = 𝑥𝑖(𝐩, 𝑌𝑘, 𝑨𝒌) is the demand for commodity 𝑖 by individual 𝑘, where superscripts 0 and 

1 denote the time periods before and after the change. A point on the demand curve, 𝑥𝑖
0, can be 

interpreted as the maximum willingness to pay for an extra unit of the commodity 𝑖 at the margin 

of the consumption level, 𝑥𝑖
0. In this context, consumer surplus is defined as the area under the 

demand function minus total expenditure, which measures the difference between the 



 

 

8 Economic theories 

willingness to pay of the individual 𝑘 for a commodity 𝑖 and the actual amount the individual has 

to pay at the market price. When the price of the commodity 𝑖 falls from 𝐩𝟎 to 𝐩𝟏, the consumer 

surplus increases following the demand curve to the extent shown as a blue area in Figure 2. 

 
Figure 2 Marshallian consumer surplus: Change in the Marshallian consumer surplus is measured as a 

blue area when the price of a good falls. 

One of the problems of the Marshallian consumer surplus measure is that it measures 

combined effect of the substitution effect and the income effect. Thus, the consumer surplus 

measure may not represent the true willingness to pay. Figure 3 shows the breakdown of these 

two combined effects. When the price falls, the individual 𝑘 faces a different demand curve for 

the commodity 𝑖 if its income is negatively compensated keeping the purchasing power constant 

at the original level before the price change, such that the demand of the commodity 𝑥 will 

increase only to 𝑥𝑖𝑘
𝑠  not to 𝑥𝑖𝑘

1 . The demand increase from 𝑥𝑖𝑘
𝑠  to 𝑥𝑖𝑘

1  represents the income effect. 

Therefore, the Marshallian consumer surplus measure is not the theoretically correct measure of 

a welfare change in the price change. 

 
Figure 3 Marshallian consumer surplus having issues in the uniqueness of the measure: The 

Marshallian consumer surplus measures the combined effect of the substitution effect and the income 

effect. 
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There is another problem for the Marshallian consumer surplus measure when calculating 

the change in the consumer surplus. Change in the Marshallian consumer surplus of individual 𝑘 

can be defined in the most general case of price and income changes as: 

 

where 𝐙 is a path between (𝐩𝟎, 𝑌𝑘
0) and (𝐩𝟏, 𝑌𝑘

1).  

 

This definition of Marshallian consumer surplus raises a critical issue about the uniqueness 

of consumer surplus as a reliable welfare measure (Slesnick 2008). The value of the line integral 

(first term in the Equation (1)) depends on the order in which the integration is performed by 

price and income. That is, the line integral is path dependent. Thus, the consumer surplus 

concept is not unique apart from one exception; the line integral can be path independent only if 

the uncompensated price effects are symmetric: 

 

(Hassan 1995, Slesnick 2008). For this form of symmetry condition to hold, preferences on 

different goods should be homothetic. This preference assumption is neither consistent with 

much existing empirical evidence (Slesnick 2008) nor does not reasonably make sense. To 

ensure the path independence, Marshall introduced another strict assumption that the marginal 

utility of income is constant as this constancy of marginal utility on income secures the path 

independence of the line integral. Due to concerns of these defects, alternative measures for 

welfare changes have developed and advanced (Hassan 1995). 

2-2-2.    Hicksian welfare measures 

Individual welfare change can be defined as the amount of potential economic 

compensation, either paid or received, to keep the individual’s original level of utility as before, 

after the individual’s circumstances have changed in a well-defined manner. This definition of 

welfare measure is derived from early work by Hicks (1939), Kaldor (1939), and Scitovsky 

(1941) in an effort to overcome the restrictive Pareto Criterion as a welfare measure and to 

define more meaningful and broadly useful welfare measures (Bockstael and McConnel 2007) 

than Marshallian consumer surplus measure. These Hicksian welfare measures are often referred 

to as Hicksian consumer surplus measures because the Hicksian welfare measures are 

theoretically refined concepts of Marshallian consumer surplus (Hicks 1943). For the clarity in 

this study, the Hicksian welfare measures will not be referred to as consumer surplus but as 

compensation or equivalent measures depending on what type of welfare should be measured. 

 

There are four types of Hicksian welfare measures: compensating variation, equivalent 

variation, compensating surplus, and equivalent surplus. Variation concepts measure the changes 

in welfare when price changes whereas surplus concepts measure the changes in welfare when 

quantity changes. Hicks developed variation concepts originally, and these were also applied to 

quantity changes; later the surplus concepts applied to quantity was developed by Mäler (Pearce 

et al. 2013) in the context of Hicksian variation measures.  

 

The Hicksian welfare measures can be easily explained through two illustrations. Figure 4 

and 5 illustrate an individual’s indifference curves before (𝑢0) and after (𝑢1) a change in an 

environmental service, 𝑥1. The other good, 𝑥2, is a numeraire good (i.e., 𝑝2 = 1), which is a 

 𝛥𝐶𝑆𝑘 =  − ∫ ∑ 𝑥𝑖(𝐩, 𝑌𝑘, 𝑨𝒌) d𝑝𝑖𝒁
+ (𝑌𝑘

1 − 𝑌𝑘
0), 

(1) 

 
𝜕𝑥𝑖

𝜕𝑝j
=

𝜕𝑥𝑗

𝜕𝑝𝑖
 for 𝑎𝑙𝑙 𝑖 ≠ 𝑗   (2) 
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composite bundle of goods that the individual consumes. 𝑝1 denotes the price of 𝑥1, and the 

superscripts 0 and 1 denote before and after the change respectively.  

Compensating and equivalent Variation – price change 

To illustrate the case of a price change, assume that there is a price fall for the service 𝑥1, 

from 𝑝1
0 to 𝑝1

1. As shown in Figure 4, an individual will change the consumption bundle from the 

original point 𝐴 to 𝐵, responding to the price reduction. This shift from 𝐴 to 𝐵 comprises the 

substitution effect (𝐴 → 𝐶) and the income effect (𝐶 → 𝐵).  

 
Figure 4 Hicksian Welfare Measures for the Price Reduction (Adapted from Freeman et al. 2014): 

Hicksian welfare measures are measured by the same indifference curves before and after the change.  

Compensating variation (CV) is the amount of payment necessary to compensate the 

individual for making him indifferent between the original consumption bundle 𝐴 and the new 

price set 𝑝1
1. The CV measure can be interpreted, in the case of the price fall, as the maximum 

willingness to pay of the individual to secure the chance to consume at the new price set of 𝑝1
1 

keeping the original utility level at 𝑢0 (Freeman et al. 2014). When the price increases, the CV 

measures the minimum amount of payment the individual is willing to accept to remain in the 

new price set. The willingness to pay and the willingness to accept are expressed by the 

numeraire good, 𝑥2, and this expression applies also to the following illustrations of welfare 

measures: equivalent variation, compensating surplus, and equivalent surplus.  

 

Unlike CV focusing on the original level of utility, equivalent variation (EV) focuses on 

the new level of utility. EV measures the amount of payment which makes the utility of an 

individual at the original price level, 𝑝1
0, equivalent to the level where he could reach with the 

price change to 𝑝1
1 (Freeman et al. 2014). The EV measure can be interpreted, in the case of the 

price fall, as the minimum willingness to accept to forego the chance to consume at the new 

price set, 𝑝1
1. When the price increases, the EV measures the maximum willingness to pay of an 

individual to avoid the price change.  

 

It is noted that the maximum willingness to pay cannot exceed the income of the individual 

whereas the minimum willingness to accept may exceed the income (Freeman et al. 2014). 
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Compensating and equivalent surplus – quantity change 

Most environmental resources and services lack markets where they can be traded. Thus, it 

is more realistic to observe quantity changes in the environmental resources and services than 

price changes. Welfare measurements associated with the quantity changes are surplus measures:  

compensating surplus (CS) and equivalent surplus (ES). As in the case of the price change, the 

CS concept focuses on the original level of utility, and the ES concept the new level of utility.  

 

 
Figure 5 Hicksian Welfare Measures for the Quantity Increase (Adapted from Hanley et al. 2007): 

Hicksian welfare measures are measured by the same indifference curves before and after the change.  

Figure 5 illustrates how Hicksian welfare measures are defined when the quantity of the 

environmental goods or services increases. Assume that there is a quantity increase for the 

service 𝑥1, from 𝑥1
0 to 𝑥1

1. Responding to the quantity increase, an individual will change the 

consumption bundle from the original point 𝐴 to 𝐵 keeping the level of consumption in 𝑥2 fixed 

at �̅�2. The CS is the amount of payment necessary to compensate the individual for making her 

indifferent between the original consumption bundle 𝐴 and the new consumption bundle with 𝑥1 

at the new quantity level of 𝑥1
1. In the case of the quantity increase, the CS measure can be 

interpreted as the maximum willingness to pay of the individual to secure the chance to consume 

at the new quantity level of 𝑥1
1 keeping the original level of utility, 𝑢0. When the quantity 

decreases, the CS measures the minimum amount of payment the individual is willing to accept 

to remain in the new quantity level keeping the original level of utility.  

 

ES measures the amount of payment which makes the utility of an individual consuming 

the original consumption bundle 𝐴, equivalent to the level where she could reach with the 

quantity change to 𝑥1
1. In the case of the quantity increase, the ES measure can be interpreted as 

the minimum willingness to accept to forego the chance to consume 𝑥1 at the new level of 𝑥1
1. 

When the quantity decreases, the ES measures the maximum willingness to pay of an individual 

to avoid the chance to consume 𝑥1 at the new level. 

 

Note that the surplus measure can also be applied to the quality changes.  
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Choosing the right measure for the situation 

Mitchell and Carson (1989) summarised which Hicksian welfare measures can be used in 

different contexts as shown in Table 1. They defined WTP and WTA as follows, “WTP is the 

amount of money an agent would be willing to give up to obtain a change and still be as well off 

as with his previous entitlement. WTA is the amount of money which would have to be given to 

an agent, with a specified entitlement, to forego a change and still be as well off as if the change 

had occurred.” There is an implicit assumption about the entitlement of the individual which lies 

behind their definition of WTP and WTA; the relevant welfare measures are compensation 

measures when an individual has an entitlement to the status quo, whereas the relevant welfare 

measures are equivalent measures when an individual has an entitlement to the change. This 

assumption is also implied by the definition of compensation and equivalent measures that the 

compensation measures focus on the original utility level while the equivalent measures focus on 

the utility level after the change.  

 

Change Welfare measure (WTP) Welfare measure (WTA) 

Price Increase (negative) EV (WTP to avoid) CV (WTA to accept) 

Price Decrease (positive) CV (WTP to obtain) EV (WTA to forego) 

Quantity Increase (positive) CS (WTP to obtain) ES (WTA to forego) 

Quantity Decrease (negative) ES (WTP to avoid) CS (WTA to accept) 

Table 1 Hicksian Welfare Measures (Adapted from Mitchell and Carson 1989) 

 

Positive change 

(Price decrease,  

quantity increase) 

Negative change 

(Price increase,  

quantity decrease) 

Entitlement to the status quo 
WTP to secure the change / 

CV, CS 

WTA to tolerate the change / 

CV, CS 

Entitlement to the change 
WTA to forego the change / 

EV, ES 

WTP to avoid the change / 

EV, ES 

Table 2 Relationship between the entitlement to the change and the Hicksian welfare measures 

Table 2 summarises Table 1 based on the entitlement to the situation of an individual and 

the nature of the changes. This summary is useful when to interpret the welfare measures in 

empirical studies. If a policymaker is considering to build a dyke to prevent flooding in the 

region, we consider it as a positive change for the people living in the region. Depending on 

whether the people have a right to the dyke or not, we can decide how to interpret the measure: 

WTP to build the dyke or WTA to forego the opportunity to build the dyke.  

 

It is sometimes difficult to decide where the entitlement lies. Does the individual in 

question have a right to the change or the status quo? There is no straightforward answer to the 

question. If we choose to use revealed preference methods among different techniques, which we 

will discuss in the economic valuation methods section, the two economic measures, WTP and 

WTA, will not differ much in practice. However, when using stated preference methods where 

individuals are asked to state their WTP and WTA, it is essential to know that these two 

measures can diverge empirically (WTA > WTP) and that the divergence can be quite 

significant.  

 

There are several explanations why WTP and WTA can diverge. Following Pearce et al. 

(2006), income and substitution effects, endowment effects, and uncertainty about preferences 
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and effects of learning are central points of discussions. Income effect explanation refers income 

elasticity of demand for a good as the source of WTP-WTA disparity. Income changes in 

different directions depending on whether the individual has to pay or accept the compensation. 

Income elasticity of demand for good and the WTP-WTA divergence have a positive 

relationship; the higher the elasticity, the wider the divergence (Pearce et al. 2006). Another 

explanation points out that substitution effects can cause the disparity between WTP and WTA 

when there are discrete changes in the quantity of an environmental service; the more the 

environmental good substitutable by numeraire goods, the greater the disparity (Hanley et al. 

2007). The endowment effect can also cause WTP and WTA to diverge. The endowment effect is 

based on the notion of loss aversion or reference dependency (Pearce et al. 2006). Following 

these notions, people evaluate changes of the same amount of a specific good differently, 

depending on the nature of the change to them; the losses are weighted more heavily than the 

gains such that WTA will exceed WTP (Pearce et al. 2006). Uncertainty can also play a role in 

the WTP-WTA divergence. When a respondent being surveyed for a cost-benefit analysis, he 

might have to state either WTP or WTA right now with uncertainty. The respondent might state 

WTP lower than he might have if he could know all the relevant information to decide the true 

WTP. For the WTA, the respondent might state higher WTA than under a full information 

situation. This tendency can be explained by the value of information (Pearce et al. 2006); under 

uncertainty people account for the value of information for stating WTP or WTA.  

2-2-3.    Total economic value 

Total economic value (TEV) of environmental services in the valuation context does not 

mean the whole value of the services, but the net aggregation of all relevant WTP and WTA for 

any change in well-being caused by the change in the environmental service (Pearce et al. 2006). 

Following the definition of Feldman (2008), TEV can also be a measure of the changes in the 

total output in the economy.  

 

TEV is often described to comprise use values and non-use values as shown in Figure 6. 

Use value is composed of the use values for actual use and the option values for possible use. 

Actual use includes planned use in the future; planned use is different from potential or possible 

use that is captured by the option values. People may be willing to pay to preserve some 

environmental services as an option to use them in the future without any plan at the moment.  

 

 
Figure 6 Total economic value (Pearce et al. 2006): TEV is the net aggregation of all relevant WTP and 

WTA for any change in well-being caused by the change in the environmental service. 

Non-use values indicate the WTP to preserve some good despite there is no planned nor 

possible use of the good (Pearce et al. 2006). Non-use values include existence value that we as 
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human beings believe the good to have for its existence. Just as it has been discussed before in 

the welfare economic theory section, this existence value does not concern an intrinsic value but 

an anthropocentric value, which suggests that certain species do not have values unless we 

believe that they need to exist. The other element of non-use values are the values we believe the 

good has for others; it could be others in our generation or the future generations. Depending on 

which people we believe the good needs to be preserved for, these non-use values can be defined 

either as altruistic or bequest value.  

2-3.    Economic valuation methods 

There are several economic valuation methods for revealing the TEV, and the methods can 

be categorised into three: stated preference methods (SP), revealed preference methods (RP), and 

benefits transfer. Stated preference methods ask individuals an array of questions which are 

designed to elicit all types of values the TEV comprises. These methods can be used to elicit 

values from both a possible change in the future (ex-ante) and an actual change in the past (ex-

post). The methods can be applied to reveal any type of economic values including non-use 

values. Revealed preference methods are rather indirect comparing to the stated preference 

methods. The revealed preference methods seek behavioural footprints of individuals left in 

markets where the good of interest might unveil its values, which the individuals place on the 

good. The way the revealed preference methods unveil the values of the good in question implies 

that the methods can capture the use values revealed in the past transactions. The revealed 

preference methods, therefore, cannot be either used to revealing non-use values or applied to ex-

ante valuation.  

 

Benefits transfer method is a different method from the previous two, SP and RP, which 

are primary study techniques. Benefits transfer borrows values from previous SP or RP studies 

and applies them to a new study site or context. The benefits transfer method has an advantage 

over SP and RP, as it can save time and efforts considerably than the other primary study 

techniques. Depending on how similar the study sites or contexts of the original SP/RP studies 

and the new study are, the validity of the new study by benefits transfer will vary significantly 

(Pearce et al. 2006). However, Pearce et al. (2006) noted that the benefits transfer is a subject 

lacking a valid procedure in many studies and contexts.  

 

In the following sections, I will discuss only the stated and revealed preference methods, 

leaving out benefits transfer as the benefits transfer is not a primary valuation study method. 

2-3-1.    Stated preference methods 

Stated preference methods ask meticulously formulated survey questions in the form of 

specific indications of preference, such as monetary amounts, choices, and ratings and scale the 

answers following a suitable preference method to measure the value of interest (Brown 2003). 

Figure 7 illustrates economic valuation methods which we can use to recover the total economic 

value of a change in goods or services. Stated preference method can broadly be divided into two 

types: contingent valuation and choice models. Contingent valuation method generally asks the 

respondents directly for their WTP or WTA of a good in question (Bateman et al. 2002). The 

single good valuation is the most common application. However, it can also be used in the 

valuation of a few closely related goods when a vital attribute of the goods differs in its level 

across the goods (Brown 2003). In this case, we can estimate the value of an attribute instead of 

a good. Choice modelling lets us infer the value of goods or attributes from the hypothetical 

choices or trade-offs people make in the survey, where respondents are asked to choose between 

bundles of attributes or goods (Bateman et al. 2002) including sums of money (Brown 2003). 
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The choice modelling does not directly ask the WTP or WTA, but it allows us to infer the WTP 

or WTA by comparing the sums of money with the other items in the survey questionnaire 

(Brown 2003).  

 

 
Figure 7 Economic valuation methods for different value types (Pearce et al. 2006) 

The stated preference methods have been criticised due to potential problems arising from 

the surveying methods, for example, people will not or cannot state the true willingness to pay or 

accept. Therefore, the measured welfare change will not be valid. The methods have their 

shortcomings surely. However, it is also true that surveys often reveal the people’s preference 

effectively (Brown 2003). Moreover, the criticism over surveying methods can be overcome at 

least partially by addressing potential problems through a well-designed questionnaire. The 

stated preference methods also have own favourable natures that they can be applied to non-use 

values and hypothetical situations, i.e. ex-ante valuations, which is beyond the scope the revealed 

preference methods can be applied to. 

2-3-2.    Revealed preference methods  

Revealed preference methods let us infer the preference of people and the values of non-

market goods or services in question from people’s actual choice made within markets (Boyle 

2003). The nature of the revealed preference methods that WTP or WTA is estimated from the 

actual behaviours makes economists prefer revealed preferences methods to stated preference 

methods (Brown 2003) when revealed preference methods are applicable. 

 

Figure 7 illustrates a few revealed preference methods including, random utility/discrete 

choice models, travel cost method, the hedonic pricing method, and averting behaviour. In the 

travel cost method, the good of interest to valuate is outdoor recreational sites, such as national 

parks, forests, and lakes. Travel cost method uses the number and distribution of visits, and travel 

costs to such sites to reveal the value of the site (Hanley et al. 2007). People might spend more 

time and money resources to the sites where they value more than other sites; thereby we can 

reveal the economic value of the sites by analysing the travel data. Hedonic pricing method, 
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which this study chooses to use, aims to reveal the value of attributes which a good of interest 

consists of in the form of the bundle of attributes (Pearce et al. 2006). This bundle is difficult or 

almost impossible to break down into characteristics and to re-bundle them in different 

combinations. The hedonic pricing method is typically applied to housing and labour markets. 

For the housing markets, hedonic pricing method assumes that houses comprise different 

characteristics, such as the size, the number of rooms, the location, the neighbourhood, the 

distance to the city centre, and the transportation networks. By analysing the housing market 

transaction data, we can reveal how much people put values on each attribute in monetary terms. 

Jobs have similar characteristics. For the labour markets, the hedonic pricing method assumes 

that certain jobs include job-related risk factors. By observing labour market data on how much 

salary people get from different jobs at different levels of job-related risks, we can infer the 

values people put on the job-related risks. Averting behaviour method seeks to find the value of 

negative goods or services by analysing the behaviours of individuals to avoid the negative 

goods or services (Pearce et al. 2006). The behaviour of individuals will be captured by the 

individuals’ investment or costs to avoid those negative goods or services; for example, an 

individual buys an air purifier to reduce the air pollutants in the house caused by a nearby 

factory. Random utility/discrete choice models attempt to reveal the value of goods or services of 

interest by the choices made in a choice context which is delineated by the given choice 

dimension: the possible alternatives, evaluation factors, and decision process (Cascetta 2009). 

Random utility/discrete choice models are applied to housing markets, outdoor recreational sites, 

or any other situations in a choice context. The difference of the random utility/discrete choice 

models from hedonic or travel cost approach is that the random utility/discrete choice models use 

the probability that an individual will choose a particular good or site over all other alternatives 

within the set of all possible choices to reveal the value of the good or site. Note that hedonic and 

travel cost methods only analyse the choices made without considering all other alternatives, not 

chosen in the markets.  

2-3-3.    Hedonic pricing method 

Heterogeneous goods, for example, houses, cars, and electronic appliances are goods that 

are sold in a single market as a commodity although the goods vary in their characteristics 

distinctively (Taylor, 2003). In other words, the heterogeneous goods are bundles of different 

characteristics. In many cases, it is difficult or sometimes impossible to disassemble the goods 

into characteristics and repackage them to create different goods as buyers want. Due to this 

nature of heterogeneous goods, buyers need to choose a good with a bundle of characteristics 

among numerous bundles of different characteristics. These notable differences among goods 

lead to price variation within the market; it means that people choose goods and pay different 

prices based on the characteristics the goods bear. Though we cannot decompose the 

heterogeneous goods into individual characteristics, hedonic pricing method aims to detach these 

latent characteristics from each other and to estimate the implicit prices put on them by the 

buyers by observing the market transactions for the heterogeneous goods. 

 

Rosen (1974), who developed the most important theoretical underpinnings of the hedonic 

pricing method, constructed the model incorporating consumer and firm decisions for 

differentiated products sold in a market; Rosen’s original model was a general model for 

heterogeneous goods, though it was developed in the context of the housing market (Bockstael 

and McConnel 2007). Hedonic pricing method has, thus, been applied to various fields where 

commodities bear heterogeneous characteristics; in environmental economics, it has been mostly 

applied to housing markets for environmental goods and services evaluation and labour markets 

for health-risk related work environment evaluation (Taylor 2003). In this thesis, I will limit the 

discussion to the application of the hedonic pricing method to the housing market.  
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Following Taylor (2003), hedonic pricing method for heterogeneous goods involve two 

phases for its analysis; these two phases are generally referred to as a first- and second stage 

analysis. The purpose of a first-stage analysis is to infer the hedonic price function using 

information about the prices of a heterogeneous good in a single market and the characteristics of 

the good. The hedonic price function reveals the latent value of characteristics buyers put on to 

the good regarding the marginal implicit price, and this revealed information helps us to 

understand the latent preferences of the buyers for these characteristics. Applications of hedonic 

pricing method often stop at the first-stage by inferring the hedonic price function, as the data 

requirement of the first-stage is quite minimal compared to the second-stage analysis, and it is 

often the marginal implicit price what researchers need to obtain. However, when researchers 

want to draw demand functions for the characteristics of the good, the second-stage analysis is 

necessary. The second-stage analysis requires the marginal implicit price acquired from the first-

stage analysis together with socioeconomic data which is typically hard to collect. How to 

conduct first- and second-stage analysis is elaborated in the following sections, where the models 

and functions are based on the work of Rosen (1974), Bockstael and McConnel (2007), and 

Taylor (2003).  

First-stage analysis 

The first-stage analysis aims to infer the hedonic price function using the prices and 

characteristics information of a heterogeneous good in a single market. Rosen (1974) assumed 

for the hedonic model that the market of the heterogeneous good is sufficiently large enough to 

guarantee that the consumers in the market can choose any level of characteristics from 

continuous combinations of various characteristics. Rosen also assumed that consumers 

maximise their utility and firms their profit while both consumers and firms take the whole price 

schedule for characteristics as exogenously given (Taylor 2003). Based on these key 

assumptions, the first-stage analysis focuses on discovering the market equilibrium price 

schedule, namely, hedonic price schedule. This section will overview how the equilibrium is 

reached by looking into bid function of consumers and offer function of firms.  

 

For the demand-side of the market, following the notation of Taylor (2003), consumer 

utility of an individual is defined over two goods: 𝑍, the heterogeneous good, and 𝑥, a numeraire 

good, which is a composite bundle of all the goods that the individual consumes other than Z. Let 

Z denote a heterogeneous good with characteristics 𝑧𝑖 . Individual 𝑗 with demographic attributes 

α𝑗 has utility function defined as: 

 

subject to a budget constraint, 

 

where 𝑦𝑗 is the income of the individual j, 𝑧 is a model of the heterogeneous good, and 𝑃(𝑧) is 

an equilibrium price schedule of the chosen model which the individual takes as given.  

 

Assume that the individual buys only one unit of the heterogeneous good. This assumption 

is reasonable for the housing market, as people generally buy only one house to live in. Even if 

people buy more than one for investment purposes, this assumption is considered to hold because 

these people will rent out the houses where they do not live to generate incomes from the 

 𝑈𝑗(𝑥, 𝑧1, 𝑧2, … , 𝑧𝑛;  𝛼𝑗) (3) 

 𝑦𝑗 = 𝑥 + 𝑃(𝑧), (4) 
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invested properties. Under this assumption, the individual has an objective to maximise his 

utility by choosing the model 𝑧 and the amount of x to purchase, subject to his budget constraint. 

This utility maximisation problem can be solved by choosing the model 𝑧 and the amount of x 

which satisfies the following condition for each 𝑧𝑖: 

 

Equation (5) means that the marginal rate of substitution between any characteristics, 𝑧𝑖, and the 

composite numeraire good, x, is equal to the relative marginal implicit price of 𝑧𝑖 to the 

numeraire good x, when the utility of the individual is maximised. In the housing market context, 

this condition implies that a buyer will choose a house which equates her marginal willingness to 

pay (MWTP) to the marginal implicit price for each characteristic of the house. This condition 

leads us to the central concept of hedonic theory, Rosen’s bid function. The bid function, 𝜃, 

describes the maximum willingness to pay of an individual for a house when one or more of its 

constituent characteristics change while keeping constant the individual’s baseline level of 

utility, income, and demographic characteristics (Bockstael and McConnel 2007). Using the bid 

function, the utility function of an individual from the Equation (3) for a given baseline level of 

utility and the income restriction can be rearranged as Equation (6):  

 

where the numeraire good 𝑥 is substituted by 𝑦0 −  𝜃, the rest of the income after the bid made 

for a chosen model 𝑧. This implies that the bid is the function of 𝑧 when the utility, the income, 

and the demographic characteristics are fixed as constant, and the Equation (6) can be solved for 

𝑥 as Equation (7): 

 

Equation (7) means that if an individual is bidding more on a house 𝑧, she has less amount in the 

budget for the composite numeraire good 𝑥. To maximise utility in Equation (6), she has to 

equate the marginal bid she is willing to make to the marginal rate of substitution between the 

component characteristic 𝑧𝑖 and 𝑥 for each characteristic of the house: 

 

 

Combining Equation (5) and (8) yields the optimal bidding condition for the individual to 

maximise her utility as: 

 

Equation (9) indicates that the necessary condition for the utility maximisation is that the 

marginal bid the individual makes should be equal to the marginal price of the characteristics of 

the house.  

 

 
∂𝑃

∂𝑧𝑖
=  

𝜕𝑈/𝜕𝑧𝑖

𝜕𝑈/𝜕𝑥
 . (5) 

 𝑈𝑗(𝑦0 −  𝜃, 𝑧, 𝛼𝑗) ≡ 𝑈0 , (6) 

 𝜃𝑗 = 𝑦0 − 𝑥𝑗  =  𝜃(𝑧, 𝑦0, 𝑈0
𝑗
, 𝛼𝑗)  = 𝑦𝑗 − 𝑥(𝑧, 𝑦0, 𝑈0

𝑗
, 𝛼𝑗). (7) 

 
𝜕𝜃

𝜕𝑧𝑖
=  

𝜕𝑈/𝜕𝑧𝑖

𝜕𝑈/𝜕𝑥
 . (8) 

 
𝜕𝑃

𝜕𝑧𝑖
=  

𝜕𝜃

𝜕𝑧𝑖
 . (9) 
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We should now look at the supply-side of the market. Again, following the notation of 

Taylor (2003), profits of a firm are defined over the heterogeneous good 𝑍 only. Firm k with 

characteristics 𝛿𝑘, such as different technology and productivity, has an objective to maximise 

profits by choosing the production model 𝑧 and the number of units, H, to produce for a chosen 

model 𝑧 under a well-behaved cost function 𝐶 (∙). The firm k’s profit maximisation problem can 

be formulated as: 

 

where 𝑃(𝑧) is an equilibrium price schedule of the chosen model which the firm takes as given. 

This profit maximisation problem in Equation (10) can be solved as: 

 

which means that the firm has to equate its marginal cost of producing the chosen characteristic 

per unit to the marginal price of the characteristic.  

 

Like an individual has a bid function, a firm has an offer function, 𝜑, which describes the 

minimum willingness to accept for the produced model when its component characteristics 

change while holding constant the number of the units to produce, the original level of the firm’s 

profit, and the characteristics of the firm:  

 

 

The offer function in Equation (12) can be defined in the profit maximisation problem as: 

 

which will yield the optimal offering condition, 

 

Equation (14) implies that the firm has to equate its marginal cost of producing the chosen 

characteristic per unit to the marginal price the firm is willing to accept for the characteristic to 

maximise the profits of the firm.  

 

Combining Equation (11) and (14) yields the optimal offering condition for the firm to 

maximise its profits as: 

 

Equation (15) indicates that the necessary condition for the profits maximisation in the housing 

context is that the marginal offer the firm makes for house characteristics should be equal to the 

marginal price of the characteristics for each of them and also to the marginal cost of producing 

the chosen characteristic per unit.  

 𝛱 = 𝐻 × 𝑃(𝑧) − 𝐶(𝐻, 𝑧, 𝛿𝑘), (10) 

 
∂𝑃

∂𝑧𝑖
=  

𝜕𝐶

𝜕𝑧𝑖
 
1

𝐻
 , (11) 

 𝜑𝑘 =  𝜑(𝑧; 𝐻, 𝛱0, 𝛿𝑘). (12) 

 𝛱0 = 𝐻 × 𝜑𝑘 − 𝐶(𝐻, 𝑧, 𝛿𝑘), (13) 

 
∂𝜑

∂𝑧𝑖
=  

𝜕𝐶

𝜕𝑧𝑖
 
1

𝐻
 . (14) 

 
𝜕𝑃

𝜕𝑧𝑖
=  

∂𝜑

∂𝑧𝑖
 =  

𝜕𝐶

𝜕𝑧𝑖
 
1

𝐻
 . (15) 
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Figure 8 The Hedonic Price Function (Taylor, 2003): Hedonic price function is an envelope function 

of the market transactions between all buyers and seller of a heterogeneous good.   

Hedonic price function or equilibrium price schedule is the outcome of the clearance of all 

bids and offers in the housing market while all individuals place bids to maximise their utility, 

and all firms offer to maximise their profits. It is notable that the price schedule enters the utility 

and the profits function exogenously even though the equilibrium price schedule is the outcome 

of the market clearance where the individuals and the firms play their roles. It is assumed that the 

role of a single agent in the market is very limited such that his individual behaviour cannot 

affect the equilibrium price schedule (Taylor 2003). An illustration, as in Figure 8, can describe 

the hedonic price function. 𝑃(𝑧) is the equilibrium price schedule which varies with changes in 

the level of 𝑧1 holding the level of all other characteristics constant. Figure 8 shows that the 

hedonic price function takes a concave form implying that the total price paid for 𝑧1 increases at 

a decreasing rate. This functional form is generally expected for hedonic price function, although 

the hedonic price function can take any other form theoretically (Talyor 2003). The hedonic 

price function is, as noted before, an outcome of the market clearance and, thus, is just an 

envelope function of the market transactions between all buyers and sellers of a heterogeneous 

good.   

 

To summarise, we can recover the marginal implicit price for any comprising 

characteristics of Z using relatively minimal data, such as house characteristics and sales prices. 

What we are interested in the housing market is the willingness to pay by a consumer or a 

household to the change in the environmental goods or services embedded in the house 

characteristics; the marginal willingness to pay by the household is equal to the marginal price of 

the characteristics discovered by the hedonic price function. 

Second-stage analysis 

The first-stage analysis provides us with the equilibrium price schedule for each 

component characteristic which shows the marginal willingness to pay of each buyer for a 

specific level of individual characteristic the buyer consumes. Rosen (1974) proposed that we 

can yield the inverse demand functions for characteristics of a heterogeneous good in a second-
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stage analysis by the information gathered from the first-stage analysis (Bockstael and 

McConnel 2007). What we need to estimate the demand functions for the characteristics of the 

heterogeneous good are information on the levels of characteristics consumed and the marginal 

implicit prices of the characteristics from the first-stage analysis together with the socioeconomic 

characteristics information on the buyers (Taylor 2003).  

 

The marginal price function from the first-stage analysis is assumed to be non-linear; the 

marginal price function may have a concave down form if the marginal price of any 

characteristic increases at a decreasing rate as the quantity or the quality of the characteristic 

increases, or it may take any other form than linear form. This non-linear form implies that the 

marginal price and the budget constraints are endogenous problems because an individual 

chooses any price level by choosing a certain quantity to meet his budget constraints instead of 

taking the price as given. This endogeneity makes it impossible to use traditional optimisation 

methods for utility maximisation (Taylor 2003). 

 

Palmquist (1988) suggested that this optimisation problem can be solved by linearising the 

budget constraints around the optimal consumption bundle of an individual shown by Equation 

(16); this linearising method produces the same solution as the original problem with non-linear 

budget constraints.    

 

Palmquist argued that the adjusted budget constraint is no longer endogenous, as 𝑝𝑖
∗ for the given 

level of characteristics is taken by an individual as given. 𝑦 − 𝑃(𝑍∗) represents the composite 

consumption bundle of numeraire goods. The linearised budget constraint together with the first-

order condition of utility maximisation given as Equation (5) yields the inverse uncompensated 

demand function of an individual j for a heterogeneous good: 

 

Equation (17) means that the estimation process of this demand function requires quantities of 

characteristics chosen, the marginal implicit prices of the characteristics, adjusted income, and 

socioeconomic characteristics (Taylor 2003).  

 

However, linearising the budget constraint shown in Equation (16) is not enough to address 

the endogeneity problem. When the functional form of the hedonic price function is non-linear, 

the adjusted income by the implicit prices is still not exogenous. This issue must be addressed to 

conduct the second-stage analysis. Typically, endogeneity issues are addressed by instrumental 

variable techniques (Taylor 2003). However, it can be quite challenging to choose appropriate 

instruments for the endogenous variables; inappropriate instruments can lead to biased 

estimation as well as higher variance of parameter estimates (Taylor 2003).  

 

Figure 9 describes how we can identify demands for the characteristics of a heterogeneous 

good. In Figure 9, the marginal bid function of a heterogeneous good 𝑧𝑖 for two individuals are 

denoted as 𝜃𝑧𝑖
1  and 𝜃𝑧𝑖

2 , and the marginal price functions, 𝑃𝑧𝑖
𝐴 and 𝑃𝑧𝑖

𝐵 . These marginal price 

functions describe the marginal price functions of the characteristic 𝑖 in two markets of 

geographically different locations. In one market, for example, market A, what we can observe 

for the two individual 1 and 2 are points A{𝑃𝑧𝑖
1∗, 𝑧𝑖

1∗} and a{𝑃𝑧𝑖
2∗, 𝑧𝑖

2∗}. These are points where the 

 𝑌𝑎
𝑗

≡ 𝑦 − 𝑃(𝑍∗) + ∑ 𝑝𝑖
∗𝑧𝑖

∗

𝑛

𝑖=1

  (16) 

 𝑝1
𝑗

= 𝑓(𝑧1, 𝑧2, ⋯ , 𝑧𝑛, 𝑧, 𝑌𝑎, 𝛼𝑗); (17) 



 

 

22 Economic theories 

actual market transactions are realised and where the information on the tangent point of the 

buyer’s bid functions is revealed as seen in Figure 8. However, this information is not enough to 

infer how much a buyer, who already has bought a heterogeneous good with a certain level of 

characteristics for a certain price, is willing to pay for another levels of characteristics. In other 

words, we cannot say that the bid function of individuals, 1 and 2, will have either the form of 

dotted or straight lines from observing a marginal price function, and thus we need additional 

information to identify the demand. 

 

 
Figure 9 Demand identification with the hedonic price function (Taylor 2003): With two hedonic 

price functions from two different markets and information on socioeconomic characteristics, demand 

functions for the house characteristics can be identified. 

To identify the demand, one can use pooled data from different markets, such as market A 

and B having geographically different locations. Two fundamental assumptions are made for this 

demand identification. The first assumption is that an individual in a market does not consider a 

house in another market as a substitute. The second assumption is that there are identical types of 

characteristics exist across markets. The differences between markets are supply, and the 

distribution of socioeconomic characteristics; these differences lead the equilibrium hedonic 

price functions to vary across markets as well as different choices to be made across the markets 

by similar people regarding the socioeconomic characteristics (Taylor 2003). Given the 

additional information from the different market, we can estimate two hedonic equilibrium price 

functions and say whether the two individuals in Figure 9 may have dotted or straight lines as 

their marginal bid functions. It is vital that the hedonic price functions across the markets should 

be statistically significantly different such that one can identify the demand. 

 

In this thesis, the scope of the study is limited to the first-stage analysis as the objective of 

the study is to estimate the non-material cost of the flooding not to estimate the demand for 

preventive measures against flooding. 
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2-4.    Pooled cross-sectional analysis 

2-4-1.    Difference-in-differences 

A difference-in-differences estimator is a methodology widely used in policy analysis with 

pooled cross sections to recover the impact of a specific event or policy (Wooldridge 2014). This 

methodology can be applied to various study settings but is particularly useful when the data are 

derived from a natural experiment by some exogenous event. Moreover, the methodology has its 

advantage when there is a potential endogeneity problem that unobserved amenities may be 

correlated with the characteristic that will be treated by the exogenous event. In a natural 

experiment, there always are both control and treatment groups just as in a conventional 

scientific experiment, where a treatment or an event affects only the treatment group but not the 

control group. There can potentially be systematic differences between the control and treatment 

groups; therefore, it is crucial to control for these systematic differences. In order to control for 

these differences, it is necessary to acquire the data before and after the treatment for both 

groups.  

 

In this study where the treatment is flooding, 𝑈 (unflooded) denotes the control group, and 

𝐹 (flooded) denotes the treatment group letting 𝑑𝐹 equal unity for the flooded houses and zero 

otherwise. Here, 𝑆 denotes the storm event which causes the following flooding event letting 𝑑𝑆 

equal unity for the period after the storm (AS) and zero the period before the storm (BS). If it is 

assumed that there is not any other variables in the regression, the model of interest is, 

 

where 𝑃 is the house sales price.  

 

In this regression, 𝛿1 becomes the difference-in-differences estimator:  

 

where the bar stands for the average and the subscripts S and F stand for the occurrence of the 

storm event and the flooding treatment respectively. Table 3 adapted from Woolridge (2014) 

illustrates the general setup of the difference-in-differences estimator. The estimator can be 

discovered in two ways. The first way is to calculate the differences in the averages between the 

control (flooded) and treatment (unflooded) groups for both before and after the flooding event 

and to difference the results of the calculation over these two time periods, as shown in Equation 

(19). The other way is to calculate the change over the two time periods for both the control and 

the treatment groups and to difference these changes of the two groups, which can be written as 

δ̂1 = (�̅�𝐴𝑆,𝐹 − �̅�𝐵𝑆,𝐹) − (�̅�𝐴𝑆,𝑈 − �̅�𝐵𝑆,𝑈). Whichever way we choose to calculate, the results 

remain the same, as these two equations can be interchangeable by a simple rearrangement. We 

can see that the difference-in-differences estimator measures how the exogenous event affects 

the dependent variable on the average, therefore, it is also called as the average treatment effect 

(Wooldridge 2014).  

 

The example case illustrated does not include other explanatory variables, but the OLS 

estimate of δ1 keeps the same simple form of Equation (19) with other explanatory variables in 

the regression equation as long as no extra explanatory variables are accounting for the 

 𝑃 =  𝛽0 + 𝛿0𝑑𝑆 +  𝛽1𝑑𝐹 +  𝛿1𝑑𝑆 ∙ 𝑑𝐹 , (18) 

 δ̂1 = (�̅�𝐴𝑆,𝐹 − �̅�𝐴𝑆,𝑈) − (�̅�𝐵𝑆,𝐹 − �̅�𝐵𝑆,𝑈) ,  (19) 
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systematic differences among the populations sampled over the time periods before and after the 

treatment.  

 

 Before the storm After the Storm After – Before 

Unflooded 𝛽0 𝛽0 + 𝛿0 𝛿0 

Flooded 𝛽0 + 𝛽1 𝛽0 + 𝛿0 + 𝛽0 + 𝛿1 𝛿0 +  𝛿1 

Flooded - Unflooded 𝛽1 𝛽1 + 𝛿1 𝛿1 

Table 3 Illustration of the Difference-in-Differences Estimator (Adapted from Wooldridge 2014): 

The difference-in-differences estimator measures how the exogenous event affects the dependent variable 

on the average. 

Difference-in-differences in the hedonic study context 

The hedonic model is appealing because it can recover the marginal implicit price for any 

component characteristics with a simple and straightforward research design using relatively 

minimal data. Moreover, the welfare interpretation is obvious; a slope of a hedonic function for a 

characteristic at a point in time and quantity is equal to the marginal willingness to pay of a 

household for the characteristic.  

 

When introducing a difference-in-differences technique to the hedonic study, there arise 

two problems. The first problem is how to interpret the coefficient as a welfare measure 

(Banzhaf 2015). The marginal willingness to pay in the hedonic study is only observed from the 

tangent point where the bid-function and the hedonic price function meets, whereas the 

difference-in-differences technique captures an average treatment effect of a non-marginal 

exogenous shock. Of course, the marginal willingness to pay for different levels of 

characteristics can be recovered through the second-stage analysis; however, the analysis, then, 

requires additional extensive socioeconomic data, which is sometimes beyond the possible 

scope. Therefore, the question becomes, whether it is possible to combine these two techniques, 

the first-stage hedonic analysis and the difference-in-differences technique, and to find a 

meaningful welfare measure for a non-marginal change in the characteristics in question. 

  

Another problem is how to address the problem of mixing information from at least two 

hedonic equilibria, the ex-ante and the ex-post shock. The hedonic method is assuming a single 

market; the single market implies both in geographical and time context. The ex-ante and ex-post 

shock construction implies using at least two hedonic equilibria before and after the exogenous 

shock or treatment.  

 

Due to these two central problems, it is criticised for adopting the difference-in-differences 

methods to the hedonic method. Banzhaf (2015), however, showed that these two techniques 

could possibly be combined while addressing the problems mentioned above; it means that we 

can keep the economic logic of the hedonic model in the first-stage analysis to recover non-

marginal effects under minimal assumptions. He demonstrated that estimated coefficient defined 

by difference-in-differences hedonic approach is the lower bound of the Hicksian equivalent 

surplus (ES) measure for a non-marginal change in characteristics and falls between Hicksian 

compensating surplus and the equivalent surplus measures even when the hedonic price function 

shifts after the shock. 

 

An exogenous non-marginal change in the environmental amenity may affect the house 

values in the market. In the context of this thesis, flooding is an exogenous non-marginal change, 
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and the treated or flooded houses may have different price development from the untreated or 

unflooded houses in the market.  

 

Following the definition of Hudges and Halloran (2008) and VanderWeele and Tchetgen 

Tchetgen (2011), Banzhaf (2015) defines the effect of the treatment as follows. The individual 

total effect (TE) is defined as the overall effect of the treatment at an individual house. The 

individual TE comprises an individual indirect effect (IE) and an individual direct effect (DE). IE 

is defined as the change in the prices of the untreated houses due to the shift of the hedonic price 

function after the treatment, and DE the change in the price of the treated house while holding 

the effect of the non-marginal change at the other houses constant. TE, IE, and DE are defined to 

include any effects mediated through changes in the vector of house characteristics, for example, 

installation of flooding preventive measures at home and major renovation of the houses while 

repairing the damages from the flooding.  

 

Our interest is the direct unmediated effects (DUE) netting out the mediated portions from 

DE. DUE represents the effect of changing the state of a house from the untreated to the treated 

while holding constant the characteristics vector of the house and the treatment at the other 

houses (Banzhaf 2015). DUE is the key causal effect concept Banzhaf (2015) mentioned having 

a welfare interpretation as a lower bound on ES under an assumption: local non-interference. 

This assumption is introduced to address the problem of using multiple hedonic equilibria in the 

difference-in-differences approach. Local non-interference assumption stipulates that changing 

the state of the treatment for only one house does not significantly affect the prices of any other 

houses, namely, ruling out general equilibrium effects caused by the change on this single house. 

This assumption lets us interpret the direct effect concepts moving along a constant ex-post 

hedonic price function instead of shifting from ex-ante to ex-post hedonic functions; thus, the 

assumption resolves the multiple hedonic equilibria problem.  

 

Once DUE on the treated and the untreated groups are calculated, the average effects can 

be calculated by dividing each DUE by the number of units in each group. Then 𝛿1, the average 

treatment effect in Equation (18), can be calculated by averaging DUE for the treated group: 

DUET.  

 

To summarise, DUET is the difference between the values of a house along the ex-post 

hedonic price function at the two non-marginally different levels, new and old, of environmental 

amenities netting out mediated effects through the change in the vector of house characteristics, 

and DUET is the lower bound of ES (Banzhaf 2015). In the case of flooding, ES will be 

interpreted as a willingness to pay to avoid the treatment, and in the case of positive change, 

willingness to accept to forego the change.   

2-4-2.    Fixed effects model 

When using a pooled cross-sectional data, researchers should be wary of the potential 

unobserved factors which can affect the dependent variable. These unobserved factors comprise 

two kinds: constant and varying over time (Wooldridge 2014). To illustrate an example, a 

multiple regression model with two time periods, before and after a storm event, can be written 

as: 

 

 𝑦𝑗𝑡 =  𝛽0 + 𝐱𝐢𝛃𝐢𝐣𝐭 + 𝛿0𝑑𝑆𝑗 + 𝑎𝑗 + 𝑒𝑗𝑡, 𝑡 = 1,2, (20) 
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where j denotes an observation unit in a cross section, t the time-period, dS a dummy that equals 

one when t=2 and otherwise zero, 𝑎𝑗 a time-constant unobserved factor, and 𝑒𝑗𝑡 a time-varying 

unobserved factor. 𝑎𝑗 is commonly called fixed effect, and 𝑎𝑗 and 𝑒𝑗𝑡 as a whole are often called 

the composite error.  

 

If  𝑎𝑗 is not controlled and correlated to the explanatory variables, the estimation can be 

biased even though 𝑒𝑗𝑡 is uncorrelated with the explanatory variables as 𝑎𝑗  and 𝑒𝑗𝑡 consist of the 

composite error which are correlated to the explanatory variables. Therefore, it is important to 

account for this fixed effect when using a pooled cross-sectional data. Note that the time-varying 

unobservable factor, 𝑒𝑗𝑡, is assumed to be uncorrelated to the explanatory variables, which is a 

basic assumption for the OLS regression analysis.  

 

There are two ways to address this unobservable time-constant factor: fixed effects and 

first differencing method. The fixed effects method uses dummy variables or fixed effects 

transformation to control for 𝑎𝑗for each individual observation j, whereas the first differencing 

method differences the data across over time periods such that 𝑎𝑗 can be differenced away 

(Wooldridge 2014). The first differencing method can only be used for balanced panel data, such 

that this method is not applicable to this study.  

2-5.    Theoretical model of this thesis 

As a model to investigate how the risk of flooding is capitalised in the house prices, the 

theoretical model of this thesis comprises three parts. First, the hedonic model is applied to 

recover willingness to pay to avoid future flooding events, which is one type of undesirable 

spatial environmental amenities. Second, the difference-in-differences approach is taken (1) to 

separate the house price changes due to the flooding event while addressing a problem of an 

omitted variable bias that unobservable time-invariant variables may cause for the estimation and 

(2) to control for the price differences existing within and outside of the floodplain due to other 

reasons than flooding. Third, the fixed effect model is adopted to account for both spatial and 

temporal dynamics in the housing market.   

Model estimation 

This thesis uses a quasi-experimental method to test if we can observe both cross-sectional 

and temporal variations in housing prices between houses within and outside of the floodplain of 

Bodil in 2013.  

 

There are no clear guidelines for hedonic model specification given by economic theory. 

Rosen (1974) showed that the functional form of a hedonic price is a reduced-form equation 

reflecting mechanisms of both supply and demand. It implies that the hedonic pricing model 

cannot be specified in a certain functional form on theoretical grounds, thus, it is left as a task for 

us, researchers, the choice of the appropriate functional form defining the relationship between a 

dependent variable and explanatory variables.  

 

In the vast hedonic price literature, hedonic pricing models are estimated by the ordinary 

least squares (OLS) regression approach constructed in simple parametric functional forms; 

example types of these simple parametric functional forms include linear specification, semi-log 

specification, log-log specification, Box-Cox transform, and quadratic specification (Xiao 2017).   
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In this study, the hedonic pricing model is also estimated by OLS regression approach by 

minimising the sum of squared residuals. To choose an appropriate functional form for the study, 

I considered both economic theory and logical reasoning based on common sense. House price, 

the dependent variable, is typically constructed in a logarithmic form because house prices 

generally show a non-linear relationship with its explanatory variables. For example, house 

prices do not linearly increase as the size of the house or the number of rooms of the house 

increases because the marginal utility of attributes decreases as the quantity or the quality of the 

attributes increases. It is discussed in the section 2-3 (Figure 9) that the shape of hedonic price 

functions is generally expected to be non-linear and the marginal price of attributes are not 

constant over the different quantity of the attributes. 

 

I chose the semi-log specification having dependent variable transformed with the natural 

log as the main functional form of the model while including few explanatory variables 

transformed into other forms such as quadratic, logarithmic, and interaction among explanatory 

variables. The general form of the model for this study is given by  

 

where 𝑎𝑗 is the fixed effect for the municipality j to account for residual spatial correlation, 𝐱𝐢 is 

a housing attributes vector of a house 𝑖, 𝑑𝑆 is a dummy variable for the post-storm event, 𝑑𝐹 is a 

dummy variable for the flooded houses, 𝐸 is an effect variable representing the severity of the 

damage from the flooding, 𝑑𝑇 is a dummy variable for the time period to account for yearly 

price trends of the house sales, and 𝑒𝑖𝑗 is an error term for a house 𝑖 located in the municipality j, 

and the error term is assumed to be normally distributed. The estimator of interest in this study is 

𝛿1, a difference-in-differences estimator, which will give us the effect of the flooding on the 

average price of the houses.  
 

 

  

 ln(𝑃𝑖𝑗) =  𝑎𝑗 + 𝐱𝐢𝛃𝐢 + 𝛿0𝑑𝑆 + 𝛽𝑖𝑑𝐹𝐸 + 𝛿1𝑑𝑆𝑑𝐹𝐸 + 𝑑𝑇 + 𝑒𝑖𝑗 , (21) 
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3. Materials and Methods  

This chapter provides an overview of the data and the methodology of this thesis. The first 

part describes the dataset, and the second part specifies the econometric model with detailed 

variable descriptions, the reasons for including those variables in the model as well as how the 

dataset has been trimmed. 

3-1.    Data 

3-1-1.    Dataset summary 

The dataset comprises the sales transactions of single-family houses in the city of 

Frederikssund, Odsherred, Roskilde, Holbæk, Kalundborg, and Slagelse, Denmark from 2007 to 

2016. The dataset is provided by Department of Food and Resource Economics (IFRO) at the 

University of Copenhagen and is collected initially from Danish Registry of Buildings and 

Housing Database (BBR), and Danish Property Database (OIS). The databases provide sales, 

structural, and geographic information, which is continuously updated; thus, the data capture the 

housing characteristics at the point of time when the data are collected. For this study, the data 

were collected in January 2018.  

 

Figure 10 Study area: The study area comprises six municipalities: Roskilde, Slagelse, Holbæk, 

Kalundborg, Frederikssund, and Odsherred. 

The study area covering the six municipalities is illustrated in Figure 10, and the 

inhabitants of the municipalities vary between 30,000 and 90,000 as shown in Table 4. The 

single-family houses consist of more than half of the available housing transaction data.  

 

Figure 11 shows the distribution of transacted single-family houses depicted in the grey 

crosses within the study area in a shape of strips along the coastlines. Among all sales 

transactions during the study period, only houses located within 3 kilometres from the coastlines 

are included in the dataset as the 3-kilometre distance is a reasonable distance to presume that 

the houses outside of this zone will not be flooded by a storm surge.  
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Municipality Municipality-wise population  

Roskilde  87,382 

Slagelse  78,968 

Holbæk  70,983 

Kalundborg 48,982 

Frederikssund  45,189 

Odsherred 33,083 

Total 364,587 

Table 4 Municipality-wise population on the first day of 2018 

Source: Population on the first day of the quarter by times and region (FOLK1A), Statistics Denmark 

 

 
Figure 11 Dataset for the study: Transacted single-family houses located in a 3-kilometre strip zone 

from coastlines within the six municipalities, Roskilde, Slagelse, Holbæk, Kalunborg, Frederikssund, and 

Odsherred during the period between 2007 and 2016. 

In total, 12,119 transactions are included in the analysis, and the city-wise number of 

transactions are summarised in Table 5. 

 

Municipality The number of transactions 

Roskilde  3,448 

Frederikssund  2,057 

Holbæk  1,973 

Slagelse  1,813 

Kalundborg 1,622 

Odsherred 1,206 

Total 12,119 

Table 5 The municipality-wise number of transactions in the study area 

3-1-2.    Study area selection 

The six cities in the study area were selected based on the data from the Danish Storm 

Council (hereinafter referred to as “Stormrådet data”) exhibiting the number of flooded 
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properties on each street which have claimed damages between 5th and 6th December 2013 when 

the storm surge after the storm, Bodil, hit Denmark. The Stormrådet data were merged with the 

data on all property addresses in Denmark from the Danish Address Web API (DAWA) to 

calculate the number of flooded properties in each municipality in Denmark. Six municipalities, 

namely Frederikssund, Odsherred, Roskilde, Holbæk, Kalundborg, and Slagelse, with the highest 

number of flood reporting as shown in Table 6, are chosen for the study. 

 

In order to conduct the first stage analysis of the hedonic pricing method, it was necessary 

to collect data on individual flooded properties after the historic storm Bodil in December 2013. 

The Danish Storm Council stores this type of data because the council is responsible for storm 

surge damage compensation. When a property is damaged by a storm surge, the owner of the 

property can claim damage compensation to the Danish Storm Council. The council assesses the 

damages, decides the scope of the compensation, and reimburses the compensation. I requested 

the council to provide this damage claim data at the individual address level, but it was rejected 

due to privacy reasons based on an Act on Processing of Personal Data. Instead, the council 

provided the street level data which contain street names, postal codes, and the total number of 

properties on each street which have claimed damages during the study period. 

 

Municipality Total number of reporting of flooding to Stormrådet 

Frederikssund 569 

Odsherred 245 

Roskilde 236 

Holbæk 120 

Kalundborg 104 

Slagelse 97 

Total 1,371 

Table 6 Total number of reporting of flooding to the Danish Storm Council in the municipalities 

selected for the study 

This Stormrådet data were used in this study to reasonably guess which houses were 

flooded during the study period; the data were compared with a compiled data of (1) the Danish 

address data from DAWA, (2) the Danish administrative geographic subdivision data from 

Agency for Data Supply and Efficiency (ADSE), and (3) the floodplain data from Danish Height 

Model (DHM) from ADSE. The floodplain data from DHM offer floodplains at different heights 

of the sea rise by 10 centimetres. I counted manually how many houses would be flooded in a 

few selected areas at different heights of the sea level rise by mapping the floodplains and 

individual property addresses on an opensource map, Bing map, in the GIS program, QGIS 

program Desktop 2.18.15. This method had a few problems: firstly, the floodplain data do not 

consider flood prevention measures such as dykes, floodgates, and dams, secondly, the heights of 

the sea level rise were not identical across the flooded areas, and thirdly, the Stormrådet data do 

not include properties that are flooded but the properties themselves or fixtures to them are not 

physically damaged nor the properties of which damage compensation is below their deductibles 

such that the Danish Storm Council does not compensate them.  
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Figure 12 Simulated flooded houses (left) and surveyed flooded houses (right) in the Jyllinge 

Normark area: The estimated flooded properties in Jyllinge Nordmark area at the 2-metre height sea 

level rise (left) are matched almost entirely with the registered data almost (right). 

Source (right): Municipality of Roskilde 

Despite these problems, I found that around 2-metre height made these two datasets, the 

Stormrådet data and the compiled data, most compatible with each other. Moreover, the sea level 

rise during the study period was found to be around 2 metres but varying depending on the areas 

based on different sources, such as Danish Meteorological Institute (DMI) and Danmarks Radio 

(DR), a national TV and Radio station in Denmark. Also, the idea that the 2-metre height would 

be a reasonable guess to estimate the flooded properties was again confirmed by the data 

collected from the municipality of Roskilde showing registered flooded properties during the 

study period in Jyllinge Nordmark area where was severely hit by the storm surge. The 

municipality of Roskilde collected the data through a survey within the area and produced an 

accurate map, though only in a graphic form. The estimated flooded properties in Jyllinge 

Nordmark area at the 2-metre height sea level rise are matched almost entirely with these 

registered data based on a visual inspection by comparing the simulated flooding map in the 

QGIS program and the map from the municipality of Roskilde as shown in Figure 12. Based on 

these reasons, I chose 2-metre floodplain to use for reasonable guessing which houses were 

flooded during the study period, despite there exist potential discrepancies in the data. 

3-1-3.    Study period 

Available data for the sales transactions were from 1992 to 2016. The housing market has 

developed dramatically over the course of this data period; thus, the market’s characteristics 

might have changed enough to say the housing market in 1992 is not the same market with the 

housing market in 2016.  

 

What I am interested in is the impact of the flooding due to storm surge to the housing 

market, and the case for the study is built around the historic storm, Bodil in 2013. Among the 

whole data period from 1992 to 2016, I included only the last ten years from 2007 for the 

analysis, such that this study can show the change in the housing market before and after the 

storm, Bodil. There were a couple of historic storm surge events in 2005 and 2006 which caused 

flooding across the country, such that these events raised awareness about the risk of potential 

flooding by storm surges in the future. Assuming that this risk awareness is affecting the housing 

market continuously, I treated the housing market since 2007 as a single market.  

 

It was also to have a sufficiently large dataset to ensure variation in structural and 

environmental characteristics as well as prices of the houses. Drawing samples from multiple 

years are one of the practices adopted by researchers in hedonic studies; though there are issues 
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to be considered to sample data from multiple years: whether the hedonic price function is stable 

over the study period regarding general inflation and whether there are any structural changes in 

the market such as demand and supply conditions (Taylor 2003).  

 

Issues from the general inflation or potential deflation are treated by including year dummy 

variables to control for the year in which each house was sold. However, issues from the changes 

in potential supply and demand conditions are not addressed. There were some dramatic crashes 

in the property market due to the global economic crises in 2007 and 2010 which could have 

changed the market’s characteristics, namely, people’s preferences over different housing 

characteristics. However, I kept all the data within this period intact while assuming the 

structural change in the market is negligible without any further investigation not to lose too 

many observations for the analysis. This data treatment might pose a potential problem for the 

analysis. 

3-2.    Statistical methods 

3-2-1.    Model specification 

In the previous chapter, the theoretical model of this thesis is specified as Equation (21). 

An econometric model is constructed based on the theoretical model as: 

 

This model is the final model for this thesis, and it will be presented in the results chapter how 

the preliminary model was constructed and corrected through statistical testing. The coefficient 

of the primary interest in this mode is 𝛽63, a difference-in-differences estimator which accounts 

 

log(𝑃𝑟𝑖𝑐𝑒) =  𝛽0 + 𝛽1 log(𝐴𝑟𝑒𝑎) + 𝛽2𝑅𝑜𝑜𝑚 + 𝛽3 log(𝐴𝑟𝑒𝑎) ∙ 𝑅𝑜𝑜𝑚 
+ 𝛽4 log(𝐴𝑟𝑒𝑎) ∙ 𝐹𝑟𝑒𝑑𝑒𝑟𝑖𝑘𝑠𝑠𝑢𝑛𝑑 +  𝛽5 log(𝐴𝑟𝑒𝑎) ∙ 𝑅𝑜𝑠𝑘𝑖𝑙𝑑𝑒
+ 𝛽6 log(𝐴𝑟𝑒𝑎) ∙ 𝑂𝑑𝑠ℎ𝑒𝑟𝑟𝑒𝑑 + 𝛽7 log(𝐴𝑟𝑒𝑎) ∙ 𝐻𝑜𝑙𝑏æ𝑘
+ 𝛽8 log(𝐴𝑟𝑒𝑎) ∙ 𝐾𝑎𝑙𝑢𝑛𝑑𝑏𝑜𝑟𝑔 + 𝛽9𝐶𝑜𝑛 65– 74
+ 𝛽10𝐶𝑜𝑛 75– 79 + 𝛽11𝐶𝑜𝑛 80– 89 + 𝛽12𝐶𝑜𝑛 90– 99
+ 𝛽13𝐶𝑜𝑛 00– 09 + 𝛽14𝐶𝑜𝑛 10– +𝛽15𝑅𝑒𝑛 90– 99
+ 𝛽16𝑅𝑒𝑛 00– 09
+ 𝛽17𝑅𝑒𝑛 10– + 𝛽18(𝑅𝑒𝑛 90– 99 ∙ 𝐶𝑜𝑛 65– 74)
+ 𝛽19(𝑅𝑒𝑛 90– 99 ∙ 𝐶𝑜𝑛 75– 79)
+ 𝛽20(𝑅𝑒𝑛 90– 99 ∙ 𝐶𝑜𝑛 80– 89)                        
+ 𝛽21(𝑅𝑒𝑛 90– 99 ∙ 𝐶𝑜𝑛 90– 99)                                          
+ 𝛽22𝑅𝑒𝑛 10–∙ 𝐶𝑜𝑛 65– 74) + 𝛽23(𝑅𝑒𝑛 10–∙ 𝐶𝑜𝑛 75– 79)
+ 𝛽24(𝑅𝑒𝑛 10–∙ 𝐶𝑜𝑛 80– 89) + 𝛽25(𝑅𝑒𝑛10–∙ 𝐶𝑜𝑛 90– 99)  
+ 𝛽26(𝑅𝑒𝑛 10–∙ 𝐶𝑜𝑛 00– 09) + 𝛽27(𝑅𝑒𝑛 10–∙ 𝐶𝑜𝑛 10– )
+ 𝛽28𝑊𝑎𝑙𝑙 𝑙𝑤𝑐𝑜𝑛 +  𝛽29𝑊𝑎𝑙𝑙 𝑡𝑖𝑚 +  𝛽30𝑅𝑜𝑜𝑓 𝑡𝑖𝑙𝑒
+ 𝛽31𝑅𝑜𝑜𝑓 𝑡ℎ𝑎𝑡𝑐ℎ +  𝛽32𝐻𝑒𝑎𝑡 𝑑𝑖𝑠𝑡 + 𝛽33𝐻𝑒𝑎𝑡 𝑒𝑙 ℎ𝑝
+ 𝛽34𝐻𝑒𝑎𝑡 𝑒𝑙 +  𝛽35𝐶𝑜𝑎𝑠𝑡 + 𝛽36𝐿𝑎𝑘𝑒 +  𝛽37Hwy + 𝛽38𝐻𝑤𝑦2

+ 𝛽39𝐿𝑟𝑔𝑟𝑑 +  𝛽40𝐿𝑟𝑔𝑟𝑑2 +  𝛽41𝑇𝑟𝑎𝑖𝑛𝑆𝑡 +  𝛽42𝐶𝑖𝑡𝑦𝐶
+ 𝛽43𝐹𝑜𝑟𝑒𝑠𝑡 +  𝛽44𝐻𝑒𝑎𝑡ℎ +  𝛽45𝑅𝑎𝑤 +  𝛽46𝑊𝑒𝑡𝑙
+ 𝛽47𝐹𝑟𝑒𝑑𝑒𝑟𝑖𝑘𝑠𝑠𝑢𝑛𝑑 +  𝛽48𝑅𝑜𝑠𝑘𝑖𝑙𝑑𝑒 +  𝛽49𝑂𝑑𝑠ℎ𝑒𝑟𝑟𝑒𝑑
+ 𝛽50𝐻𝑜𝑙𝑏æ𝑘 + 𝛽51𝐾𝑎𝑙𝑢𝑛𝑑𝑏𝑜𝑟𝑔 + 𝛽52𝑌𝑅2008 + 𝛽53𝑌𝑅2009
+ 𝛽54𝑌𝑒𝑎𝑟_2010 +  𝛽55𝑌𝑒𝑎𝑟_2011 + 𝛽56𝑌𝑒𝑎𝑟_2012
+  𝛽57𝑌𝑒𝑎𝑟_2013 + 𝛽58𝑌𝑒𝑎𝑟_2014 + 𝛽59𝑌𝑒𝑎𝑟_2015
+  𝛽60𝑌𝑒𝑎𝑟_2016 +  𝛽61𝐸𝑣𝑒𝑛𝑡 + 𝛽62(𝐹𝑙𝑜𝑜𝑑 ∙ 𝐸𝑓𝑓𝑒𝑐𝑡)
+  𝛽63(𝐸𝑣𝑒𝑛𝑡 ∙ 𝐹𝑙𝑜𝑜𝑑 ∙ 𝐸𝑓𝑓𝑒𝑐𝑡).  

(22) 
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for the effect of the flooding on the average price of the houses. As the functional form cannot be 

defined on theoretical grounds of hedonic studies, variable selection in this model is somewhat 

ad hoc. The theory does not dictate which set of explanatory variables should be included for the 

studies except the essential types of variables: house price as a dependent variable and 

characteristics of the houses as explanatory variables. In the hedonic studies, the functional form 

has to be determined from the data (Palmquist 2005). 

 

Individual variables in this model are described in the following section. 

3-2-2.    Variables 

In this section, the variables included in the estimation, descriptive statistics, as well as 

expected signs of the coefficients of the hedonic price function are elaborated.  

Dependent variable 

The aim of the first stage analysis of hedonic price study is to estimate the hedonic 

equilibrium price schedule, a function of the attributes of the houses, therefore, the appropriate 

dependent variable of the study is the sales price. The sales prices of the single-family houses in 

this study are measured in Danish Kroner in nominal prices and observed from the registered 

transactions. The descriptive statistics of the dependent variable are summarised in Table 7.  

 
Variable Var. Type Description Min. Max. Sum Mean Std. Dev. 

Price Continuous 
The sales price of the house 

(Log transformed) 
202650 9800000 24662127362 2034997 1197259 

Table 7 Descriptive statistics of the dependent variable  

Explanatory variables 

House values are affected by various factors, such as structural attributes embedded in the 

house, neighbourhood, and environmental amenities, and regional-specific or general housing 

market conditions. Structural, neighbourhood, and environmental variables are typical types of 

variables to be found in many applied hedonic studies, and there are also generally found 

variables to account for spatial and temporal autocorrelations depending on data sampling 

methods.  

Structural variables 

There are numerous structural attributes that can differentiate the price of a house from 

others, such as the size of the property and the living area, the number of rooms, the number of 

floors, materials used for the walls and the roofs, the time of construction, the time of renovation, 

the annexes to the house, and the utility supply. There are no defined rules for choosing 

structural variables and researchers choose their structural variables depending on availability. 

Thus, the structural variables chosen for applied hedonic studies vary across existing literature. It 

is though not recommended to include as many variables as possible within an attribute category. 

This potentially tempting “kitchen approach” could lead us to add irrelevant variables to a 

regression, where these irrelevant variables to the dependent variable are systematically related 

to other independent variables. This approach may increase standard errors and Type II errors in 

hypothesis testing (falsely failing to reject the null hypothesis) (Taylor 2003).  

 

The structural variables, I chose for this study, are the size of the living area, the number of 

rooms, the time of construction, the time of renovation, the materials used for the walls and the 
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roofs, and the heating systems. All the other characteristics available from the original dataset 

which are not believed to influence the sales prices are removed for the estimation. The summary 

of descriptive statistics is presented in Table 8. 

 

The living area variable is natural log transformed, and the number of rooms variable is in 

integers. All the other structural variables are qualitative variables and, thus, constructed as 

dummy variables. Con_64, Ren_89, Wall_others, Roof_others, and Heat_others are set as base 

dummies, thus, not included in the regression model. 

 

Variable Var. Type Description 
Expected 

sign 
Min. Max. Sum Mean Std. Dev. 

Area Continuous 
Size of the living area 

(log-transformed) 
+ 51 299 1697811 140 39.980 

Room  Continuous Number of rooms + 1 13 57166 4.717 1.348 

Con_64 Dummy Built before 1965 Base 0 1 6023 0.497 0.500 

Con_65-74 Dummy 
Built between 1965 and 

1974  
+ 0 1 2999 0.247 0.431 

Con_75-79 Dummy 
Built between 1975 and 

1979  
+ 0 1 915 0.076 0.264 

Con_80-89 Dummy 
Built between 1980 and 

1989  
+ 0 1 561 0.463 0.210 

Con_90-99 Dummy 
Built between 1990 and 

1999  
+ 0 1 356 0.029 0.169 

Con_00-09 Dummy 
Built between 2000 and 

2009  
+ 0 1 995 0.082 0.274 

Con_10- Dummy Built after 2009 + 0 1 270 0.022 0.148 

Ren_89 Dummy 
Renovated before 1990 

or not renovated 
Base 0 1 10347 0.854 0.353 

Ren_90-99 Dummy 
Renovated between 

1990 and 1999  
+ 0 1 594 0.049 0.216 

Ren_00-09 Dummy 
Renovated between 

2000 and 2009  
+ 0 1 711 0.059 0.235 

Ren_10 Dummy Renovated after 2009 + 0 1 467 0.039 0.192 

Wall_lwcon Dummy 
Lightweight concrete 

block walls 
- 0 1 931 0.077 0.266 

Wall_tim Dummy Timbered walls - 0 1 702 0.058 0.233 

Wall_others Dummy Other types of wall Base 0 1 10486 0.865 0.341 

Roof_tile Dummy Tile roof  + 0 1 3733 0.308 0.462 

Roof_thatch Dummy Thatch roof  - 0 1 241 0.199 0.140 

Roof_others Dummy Other types of roof Base 0 1 8145 0.672 0.470 

Heat_dist Dummy District heating + 0 1 3692 0.305 0.460 

Heat_el_hp Dummy 

Electric heating with 

supplementary heat 

pump systems  

- 0 1 35 0.003 0.054 

Heat_el Dummy 

Electric heating without 

supplementary heat 

pump systems  

- 0 1 1278 0.105 0.307 
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Heat_others Dummy 
Other types of heating 

systems  
Base 0 1 7114 0.587 0.492 

Table 8 Descriptive statistics of the structural variables 

Environmental variables 

Environmental amenities of the houses are subtler to define compared to the structural 

variables as the environmental amenities are not obviously seen from the outside or written on 

the documents as the structural variables.  

 

Environmental amenities affect the house values through qualitative and proximity 

channels. Quality-wise, there are both positive and negative amenities affecting the house values. 

As an example, if there are two identical lakes and two identical houses, each of them having the 

same distance to each of the lakes, surrounded by precisely same conditions other than the water 

quality of the lake, the price of the house close to the clean water lake may be higher than the 

other. 

 

The environmental amenities variables are also referred as spatial variables because the 

geographic location and the concentration of the amenities matter about the house locations such 

that the geocoordinates of the amenities are used to calculate the distance from the houses or the 

concentration of the amenities of the same kind.  

 

In this thesis, only proximity variables are constructed for the estimation of the hedonic 

price function, though both qualitative and proximity channels of influence matter for the house 

values. It is due to the data unavailability of the qualitative information of the environmental 

amenities. Removing the qualitative dimension of the environmental amenities may cost a 

certain portion of the explanatory power of the estimated hedonic price function.  

 

In this study, I describe accessibility to environmental and neighbourhood amenities using 

proximity measures to each house. Based on the exact geographic coordinates of the location of 

each house from the Data on Danish topography (GeoDanmark data) from ADSE, I have 

calculated several proximity measures to environmental and neighbourhood amenities, for 

example, coastlines, lakes, forests, highways, large roads, and city centres. A proximity measure 

is formulated by calculating the shortest straight-line distances from each house to the amenities 

and transforming the distances by a simple function, 𝑋𝑝𝑟𝑜𝑥𝑦 = 𝐶𝑐𝑢𝑡−𝑜𝑓𝑓 − 𝑋𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒, where 

𝐶𝑐𝑢𝑡−𝑜𝑓𝑓 is a cut-off value. The proxy measure for the house beyond the cut-off value is assigned 

zero.  

 

There are a couple of reasons using the proximity measure instead of the distance itself. 

Firstly, the longer the distance, the lower the chances that the distances to the amenities have 

effects on the house prices; thus, the proximity measure below zero is set to zero implying the 

amenities beyond the cut-off value distance does not have any impact on the value of the house. 

Secondly, it is easier to interpret coefficients of the proximity measure than the distance 

measure. When an environmental attribute around the housing increases the value of the 

property, the sign of the coefficient of the attribute will be positive, whereas the sign of a 

negative attribute will have a negative sign. A distance measure will have the opposite sign of 

the proximity measure, which makes it unintuitive to interpret the coefficient. 

 

There are challenges to model proximity variables. It is quite difficult to define the 

proximity and is in many cases directed by the scale of the case in question (Carriazo Osorio 

2007). Proximity can also be differently defined in a different country and cultural contexts such 
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that a distance considered as a walking distance in one country might be beyond the walking 

distance in another. Moreover, different environmental amenities may have different proximity, 

such that noise from highways, large roads, and railways may reach houses in different radiuses. 

In this study, the cut-off values for the proximity variable construction were chosen based on 

common sense together with visual inspection of relationships between the house values and the 

proximity variables. This arbitrary choice of cut-off values can pose problems to the analysis if 

the environmental amenities significantly influence the house values beyond the chosen value.  

 

In this analysis, three groups of environmental amenities variables are included in the 

model: distance to natural environmental amenities, an industrial site, and transportation 

networks. Table 9 summarises the descriptive statistics of the environmental amenities variables. 

Environmental amenities variables are generally expected to have positive signs as they offer 

natural experiences to the households in the vicinity. Wetland may not always be an attractive 

site to the households so that the sign of the coefficient is not certain. An industrial site like raw 

material quarry is generally considered as a NIMBY (“Not In My Back Yard”) facility and it is 

expected to affect house values negatively.  

 

Transportation networks are somewhat different from the other two variable groups. 

Housing price tends to increase when the housing gets farther away from the networks, but 

beyond a certain distance, the housing price tends to decrease. This tendency may be due to the 

combined effect of the convenience of and the noises from the transportation networks to the 

housing value; closeness to the transportation networks has both positive and negative effects on 

the housing value. In order to capture this tendency, the quadratic specification has been 

considered for all transportation network variables: highways, large roads, and railways. Note 

that the distance in this variable construction is straight-line distance, not network distance.  

 

Variable Var. Type Description 
Expected 

sign 
Min. Max. Sum Mean Std. Dev. 

Coastline 

(Coast) 
Continuous 

Proximity† to the 

nearest coastline 

described on a scale 

from 0 to 300 m 

+ 0 280.5 231992 19.143 53.760 

Lake Continuous 

Proximity† to the 

nearest lake described 

on a scale from 0 to 

100 m  

(Only lakes that are 

larger than 0.5 

hectares) 

+ 0 79.1 2654 0.219 2.970 

Forest Continuous 

Proximity† to the 

nearest forest described 

on a scale from 0 to 

300 m  

(Only forests that are 

larger than 250 

hectares) 

+ 0 300.0 1057891 87.292 94.713 

Heathland 

(Heath) 
Continuous 

Proximity† to the 

nearest heathland 

described on a scale 

from 0 to 300 m (Only 

heathlands that are 

larger than 250 

hectares) 

+ 0 300.0 11220 0.926 12.740 
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Wetland 

(Wetl) 
Continuous 

Proximity† to the 

nearest wetland 

described on a scale 

from 0 to 500 m  

+/- 0 491.8 769329 63.481 118.245 

Raw 

material 

quarry 

(Raw) 

Continuous 

Proximity† to the 

nearest raw material 

quarry described on a 

scale from 0 to 1000 m  

- 0 979.7 91234 7.528 52.835 

Highway 

(Hwy) 
Continuous 

Proximity† to the 

nearest highway 

described on a scale 

from 0 to 1000 m 

- 0 989.2 1025937 84.655 212.658 

Large 

road 

(Lrgrd) 

Continuous 

Proximity† to the 

nearest large road 

described on a scale 

from 0 to 300 m 

- 0 294.0 2244713 185.223 92.670 

Railway 

(Ralwy) 
Continuous 

Proximity† to the 

nearest railway 

described on a scale 

from 0 to 400 m 

- 0 388.7 336824 27.793 79.659 

Table 9 Descriptive statistics of the environmental variables 

† Proximity variables are calculated using the maximum distance cut-off values; 0 corresponds to being at 

the distance of the cut-off value, and the cut-off value corresponds to being located on the exact location 

of the environmental amenity of the interest. 

Neighbourhood variables 

Neighbourhood characteristics are locational characteristics of the area the houses belong 

to, and these characteristics generally define the human-made quality of life the households can 

enjoy nearby the houses. The human-made quality of life means certain service flows provided 

by people such as education, healthcare, leisure activities, government services, and 

infrastructures. There are also negative neighbourhood amenities such as crime rates, ghetto area, 

and industrial area.  

 

Neighbourhood characteristics affect the house values through qualitative and proximity 

channels. Examples of the qualitative characteristics include school district test scores, the 

average age of the houses in the area. The neighbourhood characteristics can also be described 

by distance variables to account for the accessibility. Examples may include the distance to the 

nearest school, hospital, shopping centre, and highway exit. It is notable that the quality of the 

characteristics is assumed to be equal within the characteristics when we include only 

quantitative variables to the model; for example, households are indifferent to different schools 

for their quality of education or educational environment, and they only care the distance.  

 

In this analysis, only two neighbourhood variables are included in the estimation due to 

data availability: distance to the nearest city centre and train station. Table 10 summarises the 

descriptive statistics of the two neighbourhood characteristics variables. The city centre variable 

is expected to have a positive sign because the city centre offers many benefits to the 

households; households can dine, shop and enjoy the cultural life in the city centre. On the other 

hand, the train station variable is expected to have either a positive or a negative sign since the 

train station may provide both positive and negative experience to the households; access to the 

quick mass transportation and the noise.  

 

Neighbourhood characteristics are constructed as proximity variables by using cut-off 

values. The cut-off values were chosen based on common sense together with visual inspection 
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of relationships between the house values and the proximity variables as were the environmental 

variables. This choice can pose problems to the analysis if the neighbourhood characteristics 

significantly affect the house values beyond the chosen cut-off value.  

 

Variable Var. Type Description 
Expected 

sign 
Min. Max. Sum Mean Std. Dev. 

City 

centre 

(CityC) 

Continuous 

Proximity† to the 

nearest city centre 

described on a scale 

from 0 to 400 m 

+ 0 400 111190 9.175 48.173 

Train 

station 

(TrainSt) 

Continuous 

Proximity† to the 

nearest train station 

described on a scale 

from 0 to 500 m 

-/+ 0 264.3 17521 1.446 13.751 

Table 10 Descriptive statistics of the neighbourhood variables 

† Proximity variables are calculated using the maximum distance cut-off values; 0 corresponds to being at 

the distance of the cut-off value, and the cut-off value corresponds to being located on the exact location 

of the environmental amenity of the interest. 

Addressing unobservable temporal variations 

Observations are drawn from multiple years from 2007 to 2016 to ensure sufficient 

variation in house prices as well as other house characteristics. Any temporal variations in the 

hedonic price function due to general price trends are addressed by including year dummy 

variables. Table 11 summarises the descriptive statistics of the dependent variable, house price, 

and the year dummy variables from 2007 to 2016. The dummy variable for the year 2007 is the 

base year variable and left out from the estimation to avoid dummy trap.  
 

Variable Var. Type Description 
Expected 

sign 
Min. Max. Sum Mean Std. Dev. 

Year_2007 Dummy Houses sold in 2007 Base 0 1 1727 0.143 0.350 

Year_2008 Dummy Houses sold in 2008 - 0 1 1171 0.097 0.295 

Year_2009 Dummy Houses sold in 2009 - 0 1 1048 0.086 0.281 

Year_2010 Dummy Houses sold in 2010 - 0 1 1376 0.114 0.317 

Year_2011 Dummy Houses sold in 2011 - 0 1 981 0.081 0.273 

Year_2012 Dummy Houses sold in 2012 - 0 1 1085 0.090 0.286 

Year_2013 Dummy Houses sold in 2013 - 0 1 1096 0.090 0.287 

Year_2014 Dummy Houses sold in 2014 - 0 1 1250 0.103 0.304 

Year_2015 Dummy Houses sold in 2015 - 0 1 1470 0.121 0.326 

Year_2016 Dummy Houses sold in 2016 - 0 1 915 0.076 0.264 

Table 11 Descriptive statistics of the dependent variable and the year dummy variables 

Expected signs of the year dummy variables are negative because the housing market in 

2007, which the model chooses as a base year variable, was at the record high and the market is 

recovering only recently, mainly around the urban area close to the big cities. Cities chosen for 

the study are located reasonably away from the big cities, such as Copenhagen. Therefore, the 

signs of the coefficients are expected to be negative.  

Addressing unobservable spatial variations 

Talyor (2003) alerted that including geographically scattered properties in a sample frame 

to secure enough variation in environmental variables may override the single market 
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assumption. In this study, total six municipalities are included in the study area assuming that 

they belong to a single market without further investigation, and there is a risk that this sample 

frame may eventually include multiple markets. It was inevitable to include these municipalities 

in the study area despite the risk of multiple market inclusion since the total numbers of flooded 

houses in the individual municipalities were not enough to ensure enough variation for the study. 

One argument that they belong to a single market is that these municipalities locate to next to 

each other and the distance among them is not more than an hour by car.  

 

Spatial variables in the form of fixed effects were introduced to the model to capture the 

unobservable spatial variation in the error term that vary within the municipalities, namely, 

spatial autocorrelation or spatial dependence. Spatial autocorrelation is defined to exist when the 

numeric values of observations in a sample are related to the spatial proximity among the 

observations (Lee 2017). It can be a symptom of omitted variable bias, researchers are wary of, 

when conducting hedonic price estimation (Graevenitz and Panduro 2015).  

 

In the hedonic literature, there are two types of methods to control for spatial 

autocorrelation: spatial econometric approaches using either a spatial error term or a spatial lag 

term, fixed effect and difference-in-differences approaches (Graevenitz and Panduro 2015). 

Graevenitz and Panduro (2015) argue that the spatial error model and the spatial lag model have 

many drawbacks to use in hedonic pricing models. They criticise that the spatial error model is 

based on a wrong assumption that the correlation in the error term is derived by processes which 

are uncorrelated to the explanatory variables in the model, though the model aims to correct for 

the correlation of the error term to the explanatory variables. They also criticise the spatial lag 

model for its spatial multiplier effect on the marginal values of the model; this spatial multiplier 

effect is argued to be unjustifiable for welfare interpretation of the coefficient.  

 

The spatial fixed effect is, therefore, controlled by dummy variables, the municipality 

codes in this study. Table 12 summarises the descriptive statistics of the spatial dummy 

variables. It is arguable if an individual municipality code is a proper fixed effect entity to 

address the spatial autocorrelation. Postal codes can be an alternative; however, postal codes are 

also arbitrary administrative division, which implies that there is no guarantee that these postal 

codes can capture the unobservable spatial variations better than the municipality codes. If the 

choice of the entity is incorrect and the autocorrelation is not addressed, this can cause biased 

estimation.  

 

Variable Var. Type Description 
Expected 

sign 
Min. Max. Sum Mean Std. Dev. 

Frederikssund Dummy Houses in Frederikssund +/- 0 1 2057 0.170 0.375 

Roskilde Dummy Houses in Roskilde +/- 0 1 3448 0.284 0.451 

Odsherred Dummy Houses in Odsherred +/- 0 1 1206 0.100 0.299 

Holbæk Dummy Houses in Holbæk +/- 0 1 1973 0.163 0.369 

Kalundborg Dummy Houses in Kalundborg +/- 0 1 1622 0.134 0.340 

Slagelse Dummy Houses in Slagelse Base 0 1 1813 0.150 0.357 

Table 12 Descriptive statistics of the spatial dummy variables 

Even if the six municipalities belong to a single market the product supplies can potentially 

be different between municipalities, for example, a municipality tends to supply smaller houses 

than other municipalities. Therefore, I included the interaction term between the size of the 

living area and the municipality codes to address this potential difference issue. 
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Difference-in-differences estimator variables   

Difference-in-differences estimator variable is the focal variable of the study. This variable 

measures how exogenous flooding event in 2013 has affected the values of the houses in the 

study area on the average. Referring Equation (21) representing the theoretical model of this 

thesis, the difference-in-differences setup in this model is adjusted from general setup shown in 

Equation (18) by using an effect variable E. The floodplain estimated for this model is for the 2-

metre height. Thus, the houses located below 2 metres from the sea level might have been 

affected to different extents; houses at 2-metre height and above might not have been affected 

whereas houses at 0.5-metre height might have been severely affected. Therefore, the effect 

variable, E, is constructed by subtracting the height of the house location from the cut-off value 

of 2 metres; This implies that the higher number for the variable E means more significant 

damage to the house. Just as the proximity variable, this way of construction makes it easier to 

interpret the coefficient of the variable.  

 

Table 13 summarises the descriptive statistics of the difference-in-differences estimator 

variables. Flooding event captures the effect of the storm event on the house prices in general, 

which means how much the house prices have increased or decreased in general for the houses in 

the study area. The effect is expected to be negative. The interaction term between the flooded 

houses and the effect variables captures the general value difference between the flooded houses 

and unflooded houses based on the value of the unflooded houses; this is to investigate if there 

are any price differences between the flooded and the unflooded houses regardless of the 

flooding event. It is uncertain if there are any differences. Lastly, the interaction term between 

the flooding event, the flooded houses and the effect variables shows the value differences 

between the flooded and unflooded houses after the storm event. Thus, it captures the flooding 

event specific value differences between the flooded and the unflooded houses. The expected 

sign is negative, as the flooding event may provide new information to the market that the 

flooded houses are more prone to flooding than the others.   

 

Variable Var. Type Description 
Expected 

sign 
Min. Max. Sum Mean Std. Dev. 

Event Dummy 

Effect of storm 

event to the house 

prices in general  

- 0 1 3702 0.305 0.461 

I(FloodEffect) Continuous 

General value 

difference between 

the flooded houses 

and unflooded 

houses (Base: 

unflooded houses) 

+/- 0 3.4 438.5 0.036 0.223 

I(EventFloodEffect) Continuous 

Value difference 

between the 

flooded houses and 

unflooded houses 

after the flooding 

event (Base: 

unflooded houses) 

- 0 3.3 115.4 0.010 0.109 

Table 13 Descriptive statistics of the difference-in-differences estimator variables 

3-2-3.    Data trimming 

The OLS estimates are in some cases sensitive to outliers. It is not only the case of the 

small dataset analysis but also can be the cases of the large dataset analysis when datasets 

include outliers which are influential enough to change the key OLS estimates to a high degree 

(Wooldridge 2014). This sensitivity of OLS to the outlier’s influence is due to its nature of 

estimation process which minimises the sum of squared residuals; when minimising the squared 
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residuals, the outliers with large residuals are weighted at even higher rates. There are some 

possible explanations for the outliers: the outliers can (1) be outcomes of a purely stochastic 

process; (2) be wrongly sampled from different populations; (3) occur when sampling from a 

small population; (4) arise when there are mistakes in data entries (Wooldridge 2014).  

 

It is worth considering whether the outliers should be removed from the analysis if these 

outliers affect the OLS estimates considerably, however, the data trimming should be conducted 

with extra care as the trimming processes require researcher’s judgement what is an outlier 

(Freeman et al. 2014) and this can sometimes be controversial (Talyor 2003).  

 

The dataset of this thesis is secondary data from IFRO which again merged secondary data 

from BBR and ESR. Secondary data may have incorrect data entries which are sometimes not 

easy to detect. Seemingly obvious incorrect data entries are removed from the dataset, as well as 

data entries with missing values. The total number of the original dataset within the study area 

during the study period was 12,725 and 606 observations were deleted which left 12,119 

observations for the study.  

 

Data trimming in this thesis, especially for the dependent variable and the size of the living 

area variable, was based on judgment or suspicion without any prior knowledge or thorough 

analysis. If the removed observations are from the same municipality as a result of a systematic 

error, the trimming process may yield biased estimation. All the other data remaining in the 

dataset are not examined if there are any entry errors. If there are any significant amount of data 

entries with errors, this could also lead to biased estimation.  

 

Freeman at al. (2014) suggested that sensitivity analysis should be reported when data 

trimming or censoring has been conducted. In this analysis, formal sensitivity analysis is not 

carried.  

Dependent variable 

188 observations were removed from the dataset containing presumably outlying sales 

prices that may bias the model. The houses with sales prices below 200,000 DKK and about 

10,000,000 DKK were removed. This treatment was based on the judgement that they may not 

be traded in the same market. When a house is too cheap, it could be a sign that the house is not 

at all in a livable condition, for example, the house needs to be torn down, or it could also be a 

sign that the house is sold to a related-person at the below-market price.  When a house is too 

expensive, the house may not belong to the same market as others, or the buyer of the house may 

be an outlier.  

 
 Statistic 

  

Min 1 

1% 200000 

1st quantile 1175000 

Median 1800000 

Mean 2087258 

3rd quantile 260000 

99% 6797600 

Max 70000000 

Skewness 15.36774 

Kurtosis 452.2773 

Figure 13 Descriptive statistics on the dependent variable before removing 188 outlying observations. 
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 Statistic 

  

Min 202650 

1% 305000 

1st quantile 1195000 

Median 1815000 

Mean 2039660 

3rd quantile 2600000 

99% 6300000 

Max 9945000 

Skewness 1.53911 

Kurtosis 7.193618 

Figure 14 Descriptive statistics on the dependent variable after removing 188 outlying observations. 

The effect of data trimming is investigated by analysing the distribution of the data using 

descriptive statistics as well as histograms and boxplots for both before and after the data 

trimming. Figure 13 is the summary statistics and graphs before the treatment and Figure 14 after 

the treatment. Distributions of the log-transformed house prices before and after the trimming are 

shown in Figure 15 and 16, respectively. The distribution of log-transformed house prices is 

closer to normal distribution after the data trimming. 

 

 
Figure 15 Histogram of log-transformed house prices before data trimming: Before trimming the 

data, the distribution of log-transformed house prices is left-skewed. 



 

 

43 Materials and Methods 

 
Figure 16 Histogram of log-transformed house prices after data trimming: After trimming the data, 

the distribution of log-transformed house prices got closer to the normal distribution. 

Explanatory variables 

Like the dependent variable, individual explanatory variables were inspected for potential 

outlier and incorrect data entries. 167 houses with living areas below 50 and above 300 were 

removed based on the suspicion that they may not be traded in the same market for a single-

family house.  

 

100 data entries with the number of rooms equal to or below 0 were removed. An 

observation of a house with 159 rooms at 159 square metres of living area was removed; this is a 

seemingly obvious false data entry.  

 

Observations with missing values were removed as well. These data were typically found 

in the structural variables such as toilets, bathrooms, and kitchens. Total 150 data entries were 

removed from these variables.  

 

All in all, 418 observations were deleted from the explanatory variables leaving 12,119 

observations for the analysis.  
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4. Results  

4-1.    Results of the estimation 

The chapter examines the results of the estimated models and interprets the coefficients. 

The estimation was originally conducted by following steps: firstly, run the OLS regression and 

estimate the coefficients of the OLS regression model, secondly, identify econometric issues by 

statistical testing methods, and lastly, re-estimate the coefficients of the OLS regression model 

after addressing the identified econometric issues.  

 

The results of the two models are presented together for comparison. Then, the reason, 

why the final model is better than the preliminary model, will be briefly elaborated. Coefficients 

will be interpreted only for the final model.  

 

Table 14 summarises the results of the model estimation for the preliminary and the final 

models. The model estimation results are reported with heteroscedasticity consistent robust 

standard errors. The explanatory powers of both models are almost identical; the preliminary 

model explains the variation in the house prices by 56.88% and the final model 57% (adjusted R-

squared). This explanatory power is not particularly high; however, it is not particularly low 

either considering this is not a time-series analysis. It should also be considered that many other 

variables are excluded from the analysis due to data unavailability. Most of the preliminary 

model results remain in the final model without notable changes except for a very few changes in 

the level of significance.  

 
 Preliminary model 

Estimate (Signif. code) 

(Robust Std.Error) 

Final model 

Estimate (Signif. code) 

(Robust Std.Error) 

(Intercept) 
11.9123*** 

(0.3412)  

11.9331*** 

(0.3399)  

log(Area) 
0.4557*** 

(0.0696) 

0.4493*** 

(0.0694)   

The number of rooms 
-0.1037. 

(0.0555) 

-0.1039. 

(0.0554)   

I(log(Area)*The number of rooms) 
0.0215* 

(0.0110) 

0.0218* 

(0.0110)   

I(log(Area)*Frederikssund) 
0.0777 

(0.0575) 

0.0798 

(0.0575)   

I(log(Area)*Odsherred) 
0.1817** 

(0.0649) 

0.1851** 

(0.0649)   

I(log(Area)*Roskilde) 
0.0203 

(0.0499) 

0.0176 

(0.0499)   

I(log(Area)*Holbæk) 
0.0923 

(0.0588) 

0.0884 

(0.0586)   

I(log(Area)*Kalundborg) 
0.0641 

(0.0637) 

0.0675 

(0.0636)   

Construction 1965-1974 
0.0747*** 

(0.0097) 

0.0864*** 

(0.0102)   

Construction 1975-1979 
0.1557*** 

(0.0134) 

0.1636*** 

(0.0140)   

Construction 1980-1989 
0.1814*** 

(0.0162) 

0.1956*** 

(0.0171)   

Construction 1990-1999 
0.2836*** 

(0.0190) 

0.3067*** 

(0.0185)   

Construction 2000-2009 
0.3411*** 

(0.0162) 

0.3472*** 

(0.0165)   

Construction 2010- 
0.0526 

(0.0418) 

0.0495 

(0.0428)   
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Renovation 1990-1999 
0.0782*** 

(0.0221) 

0.1512*** 

(0.0216)   

Renovation 2000-2009 
0.1006*** 

(0.0155) 

0.1004*** 

(0.0155)   

Renovation 2010- 
-0.0615** 

(0.0221) 

-0.0463 

(0.0308)   

I(Renovation 1990-1999* Construction 1965-1974) 
 

-0.2000*** 

(0.0362)   

I(Renovation 1990-1999* Construction 1975-1979) 
 

-0.1456** 

(0.0487)   

I(Renovation 1990-1999* Construction 1980-1889) 
 

-0.1558** 

(0.0542)   

I(Renovation 1990-1999* Construction 1990-1999) 
 

-0.4319. 

(0.2306)   

I(Renovation 2010-* Construction  1965-1974) 
 

-0.0195 

(0.0496)   

I(Renovation 2010-* Construction 1975-1979) 
 

0.0148 

(0.0666)   

I(Renovation 2010-* Construction 1980-1989) 
 

-0.0805 

(0.0898)   

I(Renovation 2010-* Construction  1990-1999) 
 

-0.2850* 

(0.1220)   

I(Renovation 2010-* Construction 2000-2009) 
 

-0.0619 

(0.0847)   

I(Renovation 2010-* Construction  2010-) 
 

0.3042*** 

(0.0832)   

Light-weight concrete wall 
-0.0619*** 

(0.0138) 

-0.0599*** 

(0.0137)   

Timber wall 
-0.0931*** 

(0.0178) 

-0.0869*** 

(0.0177)   

Tiled roof 
0.0985*** 

(0.0094) 

0.0982*** 

(0.0994)   

Thatched roof 
0.0699** 

(0.0372) 

0.0697. 

(0.0371)   

District heating 
0.1404*** 

(0.0096) 

0.1397*** 

(0.0096)   

Electric heating with supplementary heat pump 
-0.0796 

(0.0510) 

-0.0735 

(0.0508)   

Electric heating 
-0.1028*** 

(0.0144) 

-0.1011*** 

(0.0144)   

Highway† 
0.0000 

(0.0001) 

0.0000 

(0.0001)   

I(Highway^2) 
-0.0000* 

(0.0000) 

-0.0000* 

(0.0000)   

Large road† 
0.0006*** 

(0.0002) 

0.0006*** 

(0.0002)   

I(Large road^2) 
-0.0000*** 

(0.0000) 

-0.0000*** 

(0.0000)   

Railway† 
0.0010*** 

(0.0002) 

0.0010*** 

(0.0002)   

I(Railway^2) 
-0.0000*** 

(0.0000)   

-0.0000*** 

(0.0000)   

Coastline† 
0.0020*** 

(0.0001) 

0.0020*** 

(0.0001)   

Lake† 
0.0005 

(0.0011) 

0.0006 

(0.0011)   

Forest† 
0.0001 

(0.0000)   

0.0001 

(0.0000)   

Heathland† 
-0.0001 

(0.0004)   

-0.0001 

(0.0004)   

Raw material quarry† 
-0.0001* 

(0.0001) 

-0.0001* 

(0.0001)   

Wetland† 
-0.0002*** 

(0.0000)   

-0.0002*** 

(0.0000)   

Train Station † 
-0.0005 

(0.0003)   

-0.0005 

(0.0003)   
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City Centre† 
0.0006*** 

(0.0001) 

0.0006*** 

(0.0001)   

Frederikssund 
0.0059 

(0.2822) 

-0.0062 

(0.2819)   

Roskilde 
0.6557** 

(0.2454)   

0.6721** 

(0.2453)   

Odsherred 
-0.9555** 

(0.3162)   

-0.9731** 

(0.3161)   

Holbæk 
-0.0754 

(0.2898)   

-0.0564 

(0.2892)   

Kalundborg 
-0.3281 

(0.3098) 

-0.3454 

(0.3092)   

Year 2008 
-0.0698*** 

(0.0141)   

-0.0684*** 

(0.0140)   

Year 2009 
-0.2722*** 

(0.0145)   

-0.2717*** 

(0.0145)   

Year 2010 
-0.2847*** 

(0.0146) 

-0.2851*** 

(0.0146)   

Year 2011 
-0.3378*** 

(0.0158)   

-0.3379*** 

(0.0157)   

Year 2012 
-0.4216*** 

(0.0155)   

-0.4217*** 

(0.0155)    

Year 2013 
-0.3891*** 

(0.0158)   

-0.3904*** 

(0.0158)   

Year 2014 
-0.5106*** 

(0.0619)   

-0.5124*** 

(0.0619)   

Year 2015 
-0.4233*** 

(0.0614)   

-0.4254*** 

(0.0615)   

Year 2016 
-0.3897*** 

(0.0619)   

-0.3900*** 

(0.0619)   

Event 
0.1163. 

(0.0597)   

0.1172. 

(0.0598)     

I(Flood*Effect) 
-0.0043 

(0.0185)   

-0.0024 

(0.0186)   

I(Event*Flood*Effect) 
-0.1973*** 

(0.0402)   

-0.1940*** 

(0.0398)   

† Proximity variables 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Preliminary Model 

Residuals: 

     Min       1Q   Median       3Q      Max  

-2.50436 -0.18337  0.04802  0.23890  2.16283  

• Residual standard error: 0.4017 on 12063 degrees of 

freedom 

• Multiple R-squared:  0.5707,  

• Adjusted R-squared:  0.5688  

• F-statistic: 291.6 on 55 and 12063 DF,   

p-value: < 0.00000000000000022 

Final Model 

Residuals: 

     Min       1Q   Median       3Q      Max  

-2.50271 -0.18364  0.04759  0.23874  2.17013 

• Residual standard error: 0.4011 on 12053 degrees of 

freedom 

• Multiple R-squared:  0.5723,  

• Adjusted R-squared:   0.57  

• F-statistic: 248.1 on 65 and 12053 DF,   

p-value: < 0.00000000000000022 

Table 14 Results of the model estimation: The left is the results of the preliminary model, and the right 

is the results of the final model. 

The difference between the two models is the introduction of the interaction terms between 

the year of renovation and the year of construction variables to the final model. The interaction 

terms were introduced as there was a suspicion that the preliminary model was misspecified 

based on the preliminary model results.  

 

The year of construction and the year of renovation variables are all significant and have 

positive signs except the Renovation 2010- variable. The negative sign of the Renovation 2010- 

variable was different from the expectation, and it was quite unintuitive. The size of coefficients 

of Construction 2010- variable was not intuitive either; the prices of the most newly built houses 

are not very different from the price of the base year houses. It was suspicious that the model had 
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been misspecified; there could potentially be a correlation between the group of the year of 

construction and the year of renovation variables.  

 

In order to test the model misspecification, interaction terms between the group of the year 

of construction and the year of renovation variables were constructed. Interactions terms for 

which the renovation periods are dating back to the construction periods, for example, 

I(Renovation 1990-1999*Construction 2000-2009), are removed from the term construction.  

 

The F-test results for joint significance in Table 15, 16, and 17 show that there is 

misspecification of the model; thus, the model is newly specified with two groups of interaction 

terms between Renovation 1990-1999, Renovation 2010- and all the year of construction 

variables. Addition of these interaction terms has changed the Construction 2010- and the 

Renovation 2010- variables insignificant; however, some of the interaction terms constructed 

with those two variables are significant. Thus, these two variables are still interpreted as 

significant when interpreting the significant relevant interaction terms. Table 16 shows that the 

interaction terms between the Renovation 2000-2009 and the year of construction variables are 

jointly insignificant, thus left out from the model. 

 
Res. DF RSS DF Sum of Sq F p-value (>F) Sign.Code 

12063 1946.2      

12059 1941.1 4 5.1106 7.9372 0.000002193 *** 

Sign.codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Table 15 Summary of F-test for the interaction terms between Ren_90-99 and all the variables in 

the Con_ group: The test result rejects the null hypothesis that the interactions terms are jointly 

insignificant. 

 
Res. DF RSS DF Sum of Sq F p-value (>F) Sign.Code 

12063 1946.2      

12058 1945.4 5 0.87462 1.0842 0.3667  

Sign.codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Table 16 Summary of F-test for the interaction terms between Ren_00-09 and all the variables in 

the Con_ group: The test result does not reject the null hypothesis that the interactions terms are jointly 

insignificant.  

Res. DF RSS DF Sum of Sq F p-value (>F) Sign.Code 

12063 1946.2      

12057 1944.2 6 2.0507 2.1195 0.04783 * 

Sign.codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Table 17 Summary of F-test for the interaction terms between Ren_10- and all the variables in the 

Con_ group: The test result rejects the null hypothesis that the interactions terms are jointly insignificant.  

Structural variables 

Most of the structural variables are significant, and the signs of those significant variables 

have expected signs except The number of rooms and Renovation 2010- variables. According to 

the model estimation, 1% increase in the size of the living area increases the house prices by 

0.45% plus 2.18% multiplied by the number of rooms, for example, if a house has two rooms, 

the house price increases by 4.81% (0.45% + 2.18%*2). Moreover, if the house is in the 

Odsherred municipality or Roskilde, the value of the living area will be 18.51% or 1.76% more 

expensive than Slagelse (base dummy). 
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The number of rooms variable has a negative sign, which is different from the expectation. 

The 1 unit increase in the Room variable decreases the house prices approximately by 10.39% 

minus 2.18%*log(Area), for example, if a house has a living area of 100 square metres, the 

house price decreases approximately by 6.03% (10.39% -  2.18%*2) compared to the house with 

the same size less one room. Note that this is just an approximation because The number of 

rooms variable is constructed as a level variable, whereas the Price and the Area variable as log 

variables. In a log-level model, a unit change in the explanatory variable changes the dependent 

variable as 

 

which can be expressed in approximation  

 

 

Although the significance level of The number of rooms variable is insignificant, it is still 

interpreted significant, as the variable is jointly significant with its interaction term with the Area 

variable, where the interaction term is significant.  

 

Introduction of the interaction terms between the year of renovation and the year of 

construction variables improved the interpretation of a few coefficients. The houses built and 

renovated since 2010 are 35.37% (4.95% + 30.42%) more expensive than the houses built before 

1965 (base dummy for the year of construction variables) and renovated since 2010, and 25.79% 

(-4.63% + 30.42%) more expensive than the houses built since 2010 and not renovated yet.  

 

However, there are some unintuitive parts which remain for the interpretation. After 

introducing the interaction terms, Renovation 1990-1999 has an overall negative effect except for 

the houses built between 1975 and 1979. Renovation 2010- variable also has an overall negative 

sign for the houses built between 1990 and 1999. It implies that, for some cases, unrenovated 

houses are more expensive than renovated houses. As an example, the houses built between 1990 

and 1990 and unrenovated are more expensive than the houses built during the same period and 

renovated since 2010 by roughly 33.13% (4.63% + 28.50%). Another example is that the houses 

built between 1990-99 and renovated since 2010. They are 33.13% (-28.50% - 4.63%) cheaper 

than the houses built between 1990-99 and not renovated yet.  

 

It does not make sense that the renovation decreases the house values. A possible 

explanation is due to multicollinearity, though the squared-R scores of regressions for 

Renovation variables on all other explanatory variables were very low around 0.05. Another 

possible explanation is that the houses which did not require any renovation have been well 

maintained keeping their original charm such that their prices are higher than the renovated 

houses. 

 

Wall material variables are all significant and have negative signs as expected. Wall 

material variables are categorised into three: light-weight concrete, timber, and the others (base 

dummy). 96% houses of the others category are built with bricks and, thus, the base dummy can 

be considered equal to the dummy for the brick walls. Houses built with bricks are 

approximately 5.99% more expensive than the ones with light-weight concrete and 8.69% with 

timber. It is matching with the initial expectation as the light-weight concrete, and timber is 

cheaper materials than bricks.  

 %∆𝑃𝑟𝑖𝑐𝑒 = 100(exp(𝛽2∆𝑅𝑜𝑜𝑚) − 1), (23) 

 %∆𝑃𝑟𝑖𝑐𝑒 = 100𝛽2∆𝑅𝑜𝑜𝑚. (24) 
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 Roof variables are all significant. However, the thatched roof variable has a positive sign, 

which is the opposite from the expectation. Thatched roofs are generally found among old 

houses out in the land, and they are difficult to maintain compared to other roof materials as they 

should be changed to a new roof quite more often and the premium for the fire insurance is 

costlier than the others. From our dataset, houses with the thatched roof are mostly the houses 

built before 1965 and either renovated before 1990 or never renovated.  

 

Heating system variables are significant for the variables of the district heating system and 

the electric heating system without supplementary heat pumps, and the signs are as expected. 

District heating systems can be sometimes more expensive than other heating systems, for 

example, the central heating system; however, the district heating system is convenient and 

generally easy to maintain, such that the sign was expected to be positive. Houses with electric 

heating are expected to be cheaper than the houses with other heating systems as the electric 

heating systems are costly in general. Houses with electric heating systems can be supplemented 

with heat pumps which increase the heating efficiency such that the heating bill can be less 

expensive. Following the model estimation, houses with the district heating system are 

approximately 13.97% more expensive than the houses with the other heating systems, but the 

electric heating systems, and the houses with electric heating systems without supplementary 

heat pumps are around 10.11% cheaper.  

Environmental variables 

Environmental variables except for Lake, Forest, and Heathland variables are significant, 

and the signs of the significant variables have expected signs. The sign of the Wetland variable 

was uncertain and is estimated to be negative. According to the model estimation, 1-metre 

increase in the proximity to the nearest coastline increases the house prices by approximately 

0.2% whereas the same changes in the proximity to the nearest raw material quarry and the 

wetland decrease the house values by roughly 0.01% and 0.02%, respectively. These three 

variables, Coastline, Wetland, and Raw material quarry have different cut-off values for the 

proximity calculation, namely, 300m, 500m, and 1,000m, respectively. The coefficients for these 

proximity variables can be interpreted as an example, that the house at the 1,000-metre distance 

from the raw material quarry will be roughly 18% ((1000-100) * 0.02%) more expensive than 

the houses at the 100-metre distance. 

 

Transportation network variables, Highway, Large road, and Railway, are constructed in 

quadratic forms and all significant. For the Highway variable, the lower order term found to be 

insignificant whereas the higher order term significant; in this case, the interpretation would be 

the same as both terms being significant. Interpretation of quadratic of the level variable in a 

semi-logarithmic regression is as 

 

Equation (25) implies, the impact of the changes in the explanatory variables varies depending 

on the initial level of the explanatory variable, for example, the house prices decrease by 

approximately 0.01% if the proximity to the highway increases by 1 metre at 300-metre 

proximity, whereas 0.03 % at 1,000-metre proximity. Note that the transportation network 

variables are constructed in a quadratic form, such that the seemingly negligible coefficients are 

not negligible when multiplied by the proximity values as seen in Equation (25).  

 

 %∆𝑃𝑟𝑖𝑐𝑒 = 100(𝛽37 + 2𝛽38𝐻𝑤𝑦)∆𝐻𝑤𝑦. (25) 
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The transportation network variables were formally tested for the joint significance to see 

if their functional forms were misspecified, and the F-tests for the quadratic terms have 

confirmed that the model is not misspecified.  

Neighbourhood variables 

The Train station variable is insignificant at the 5% level, and the City centre variable is 

significant and has a positive sign matching the expectation. According to the model estimation, 

the house prices increase by roughly 0.06% when the proximity to the city centre increases by 1 

metre.  

Addressing unobservable temporal variations 

The year of the sales variables to address unobservable temporal variations such as price 

trends are all highly significant and have negative signs as expected. It implies that the general 

price level of the houses is still lower than the level in 2007.  

Addressing unobservable spatial variations 

Results for the municipalities variables to control for the spatial fixed effects show that the 

prices of the houses in the municipality of Roskilde and Odsherred are significantly different 

from the other municipalities; the sign for Roskilde is positive, Odsherred negative. Following 

the estimation, this implies that the houses in Roskilde are approximately 67.21% more 

expensive than Slagelse (base dummy) with extra 2.03% when the size of the living area of the 

house increases by 1%. The houses in Odsherred is cheaper than Slagelse by 95.55%. However, 

the house value increases by 18.17% for every percentage increase in the size of the living area 

of the house.  

 

The dummy variables for the municipality together with the interaction terms with the 

Area variable were formally tested for the joint significance to see if dummy variables and the 

interaction terms were jointly necessary for the estimation. The F-tests have confirmed that they 

are jointly significant and, thus, they all are necessary for the model. 

Difference-in-differences estimator variables 

Difference-in-differences estimator variables show that the house prices, before the storm 

and the following flooding in 2013, are not different between the flooded houses and the 

unflooded houses. The flooding event does not change the general value of the houses 

throughout the market but decreases the flooded houses by 19.40%, which is called as the 

difference-in-differences, meaning that the flooding event made flooded houses 19.40% cheaper 

than the unflooded houses. This difference-in-differences estimator is the central variable of the 

estimation, and it is found to be highly significant. 

Visual diagnosis with plots and summing up the preliminary results 

Diagnostic plots for the fitted model are analysed to see if there are any unexplained 

patterns. Diagnostic plots for the preliminary model are not reported as there is little difference 

between the plots of the two models.  
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Figure 17 Diagnostic plots for the fitted model after the model correction 

Residual vs Fitted plot in Figure 17 shows that the final model captures non-linear 

relationship quite well as there are residuals spread relatively equally around the horizontal line, 

though there are a few of residuals spreading seemingly with a negative slope. The pattern of the 

residual spread from the final model is very slightly flatter and closer to the horizontal line than 

the pattern from the preliminary model. However, the final model cannot correct those residuals 

spreading seemingly with a negative slope, as the model correction was only limited to the 

dummy variable construction. 

 

Normal Q-Q plot shows the residuals are normally distributed in the middle of the graph, 

but curved off in the extremities, exhibiting that there are more extreme values in the dataset than 

it is expected from a Normal distribution.  

 

In the Scale-Location plot, we can see that the residuals are spread relatively randomly 

along the fitted line; however, variance tends to increase at the lower predictor range. It could be 

a sign of heteroscedasticity.  

 

Lastly, the Residuals vs Leverage plot shows that there are not any particularly influential 

cases, as all the observations are within the Cook’s distance line. Rest of the plots are more or 

less the same as before.  
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4-2.    Applied Tests 

4-2-1.    Heteroscedasticity 

Based on the diagnosis of residuals of the fitted model, the heteroscedasticity of the model 

was formally tested and corrected by calculating heteroscedasticity robust standard error.  

 

A model is diagnosed to have heteroscedasticity when the estimated model variance of the 

unobserved error conditional on the explanatory variables is not constant. Presence of 

heteroscedasticity does not bias the estimation nor affect the goodness-of-fit measures, squared 

residuals, but affect the distribution of t-statistics even in the case of large sample sizes 

(Wooldridge 2014). It implies that the t-test can no longer be reliable under heteroscedasticity. 

Thus, this issue should be addressed for statistical testing.  

 

Heteroscedasticity has been widely perceived as a potential problem in hedonic pricing 

model estimation (Fletcher et al. 2000). Choosing a semi-logarithmic functional form can 

mitigate the problem of heteroscedasticity when the variables are strictly positive and having 

heteroscedastic or skewed conditional distributions (Wooldridge 2014). The model for this study 

is also taking a semi-logarithmic functional form not only for a better model fit but also for 

mitigating potential problems of heteroscedasticity.  

 

For formal testing of heteroscedasticity, I used the studentised Breusch-Pagan test, where 

the null hypothesis of the test is that the variance is constant. The test results in Table 18 show 

that the null is rejected and there is heteroscedasticity in the model. In order to correct the 

problem, heteroscedasticity consistent robust t statistics have been computed.  

 
Breusch-Pagan test statistic Degree of Freedom p-value 

767.45 65 < 0.00000000000000022 

Table 18 Test summary of the studentised Breusch-Pagan test for Heteroscedasticity: The test result 

rejects the null hypothesis that there is no heteroscedasticity in the fitted model residuals.  

4-2-2.    Multicollinearity 

Multicollinearity is a highly correlated relationship between two or more explanatory 

variables. It is noted that the existence of multicollinearity does not violate assumptions for 

unbiased OLS estimates that there should not be perfect collinearity. To test multicollinearity R-

squared of all explanatory variables are calculated by regressing each explanatory variable on all 

other explanatory variables (Wooldrigde 2014). The tested results in Table 19 show that there is 

multicollinearity but not in a high degree, which implies that the model does not suffer from the 

serious multicollinearity problem. The size of the living area variable (Area) and the number of 

rooms variable (Room) are relatively highly correlated with other explanatory variables; The 

variation in the size of the living area is explained by other explanatory variables by 56% 

(adjusted R-squared: 0.5587) and the number of rooms 50% (adjusted R-squared: 0.5036).  

 
Explanatory Variable Adjusted R-squared Explanatory Variable Adjusted R-squared 

Area 0.5587 Heat_dist 0.3285 

Room  0.5036 Heat_el_hp 0.0086 

Con_65-74 0.2863 Heat_el 0.1944 

Con_75-79 0.1794  Coast 0.0736 

Con_80-89 0.1227 Lake 0.0069 

Con_90-99 0.1113 Forest 0.1320 

Con_00-09 0.2446  Heath 0.0368 

Con_10- 0.1016 Wetl 0.0937 



 

 

53 Results 

Ren_90-99 0.0403  Raw 0.0668 

Ren_00-09 0.0522 Hwy 0.1514 

Ren_10 0.0308 Lrgrd 0.1033 

Wall_lwcon 0.0655 Ralwy 0.2329 

Wall_tim 0.1793 CityC 0.1171 

Roof_tile 0.1905 TrainSt 0.1602 

Roof_thatch 0.0604  

Table 19 Test summary for multicollinearity testing: R-squared of all explanatory variables except 

dummy variables are calculated by regressing each explanatory variable on all other explanatory 

variables. 

The correlation matrix in Figure 18 also shows that the model variables do not suffer from 

strong correlations between the explanatory variables.   

 

 
Figure 18 Correlation matrix of house price data: The model variables do not suffer from strong 

correlations between the explanatory variables.   
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5. Discussion 

The main objective of the study is to estimate the non-material cost of flooding by 

observing the price impact of the flooding event on the house prices. In this chapter, I will 

interpret the results from the previous chapter, calculate the total economic value (TEV) of the 

prevention measures, and discuss the strengths and weaknesses of the analysis.  

5-1.    Welfare interpretation  

The difference-in-differences estimator indicates that the flooding event at the 2-metre 

height has a negative effect on house prices. When environmental quantity or quality changes, 

the Hicksian measure to apply for the welfare interpretation is equivalent surplus (ES) measure, 

and difference-in-differences estimator in hedonic context particularly measures the lower bound 

of ES measure. In Denmark, building flooding prevention measures, such as dykes, dams, and 

floodgates, should be funded through additional taxation to the entities protected by the 

prevention measures; it implies that the households living in the flood-prone area have an 

entitlement to the flooding. Thus, willingness to pay (WTP) measure to avoid the change is the 

right measure to apply for this estimator. The theoretically precise interpretation of this WTP is 

the WTP for a household after the flooding event to change his status of flooding from flooded to 

unflooded keeping constant the flooding status of all the other houses. This WTP is the value 

netting out any mediated effects through the change in the vector of housing characteristics, such 

as investing in flooding prevention measures for the houses. In other words, it is the WTP of a 

hypothetical individual living in a flooded house for a counter-factual status that the flooding 

event has hit the study area and his house is not flooded while all the other houses in the area 

keep their original flooding status and housing characteristics.  

 

The difference-in-differences estimator of this study is interpreted that the people living in 

the study area are willing to pay on the average 19.4% extra for their houses to avoid the 

potential flooding event or to have flooding protection measure. Note that this is calculated based 

on the full damage of the house with the effect dummy variable equated to unity. It is a 

noticeable amount considering that the average price of the flooded houses is DKK 1,576,011.  

 

Based on the study, the total economic value of the flood prevention measure to single-

family houses in the study area for 2-metre height is calculated as DKK 115,219,540. Note that 

this is only based on the sold houses during the study period. When the study results are applied 

to those houses that are not transacted in the study area during the same period, the total 

economic value is DKK528,705,356 (95% confidence interval: DKK528,705,330 – 

DKK528,705,381)2. The municipalities in the study area may consider introducing coastal 

flooding prevention measures if the project costs are less than the total economic value suggested 

in this study.  

 

 

                                                 

 

 
2 The predicted house prices for the non-transacted houses are retransformed from log to level as the log-

transformed house price data is distributed close to the normal distribution. The error term used for the 

retransformation is the heteroscedasticity consistent robust error term. The data for the non-transacted houses are 

from the same data source as the main study material. They were trimmed and used for spatial variable construction 

by the same methods applied to the study. 
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5-2.    Methodological strengths and weaknesses 

If a local municipality needs to decide whether the city needs any coastal flooding 

protection measures due to increased risk of storm surge, the municipality can use either 

contingent valuation methods or hedonic pricing method. By using contingent valuation, the 

municipality can ask households directly for their WTP for the prevention measures. This 

method can reveal the households’ true preference effectively by asking their WTP. However, 

there is always a risk that households understate their WTP while hoping the others would state 

their true WTP. By using hedonic pricing method, we can eliminate this risk of people 

understating their WTP as hedonic pricing method lets us infer how much people value on the 

coastal flood prevention measures from their actual choice in the real estate market. It is a 

strength of the hedonic method. For the non-marginal change as the case of this study, the 

estimator is the lower bound of the WTP measure, such that it can also be considered as a 

conservative measure making the estimator more reliable to a policymaker.  

 

Despite its appealing characteristic, the hedonic pricing method has its drawbacks. The 

method is based on certain assumptions which are difficult to meet in the real-life cases 

including this study, for example, the method assumes that a consumer has a well-defined utility 

function over both the heterogeneous good and the numeraire good and has prior knowledge of 

the set of characteristics of individual heterogeneous goods in the market. The method also 

assumes that there are continuous levels of characteristics for the heterogeneous good and that 

the consumer chooses any level to optimise his objective function.  

 

However, in the real world, people generally have a vague idea of their preferences, and it 

is difficult for them to have the complete prior knowledge of the set of characteristics of the 

heterogeneous goods in the market. Especially the characteristics of the goods like houses are 

relatively challenging to investigate and compare with others; it needs some research, time and 

energy, but it may still not be perfect to collect all the relevant information. People cannot, in 

general, rationally determine how much they are willing to pay more for a house than others 

when alternative houses have varying characteristics over different dimensions. It may also be 

realistic to say that the characteristics are distributed discretely rather than continuously when 

considering particularly that there are many different characteristics with indefinite numbers of 

combinations despite there is a limited number of houses in the market. This discrete distribution 

of the characteristics makes it difficult for consumers to maximise their utility by choosing a 

house among the available in the market, and this limitation implies that the hedonic price 

function may not be the result of the realisation of optimal choices of the individuals.   

 

The model is based on a single market assumption which will yield one hedonic price 

function. This assumption is crucial for the model but also quite unclear. A single market is 

defined when consumers consider buying a house in a market will not consider buying one 

outside of that market (Taylor 2003). However, will each participant in a market define a scope 

of a single market identically? When an individual has different preferences following their 

socioeconomic backgrounds included in their demand function, it is also reasonable to question 

this single market definition. A person wanting to commute to work only by bicycle may not 

consider living outside of a certain radius from work, whereas another person having a car may 

consider living half an hour distance by car. Then the later person might not belong to the same 

market as the former person. In this thesis, six municipalities are considered as a single market; 

this was a decision to ensure enough variation in the difference-in-differences estimator variable. 

If they do not belong to a single market but multiple markets, the hedonic price function 

estimated will be biased as they originally have multiple hedonic price functions. This problem is 

found in hedonic literature exhibiting mixed evidence for clear market segmentation (Taylor 
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2003). There are different tests for market segmentation; however, commonly applied F-tests, 

investigating if the hedonic price functions differ across segments, can falsely determine market 

segmentation due to model misspecification. This model did not formally test the market 

segmentation, and this may cause bias in the estimation if the single market assumption is 

violated.  

 

There are also issues related to the data collection. As mentioned in the materials and methods 

chapter, the Danish Storm Council accumulates the actual information on storm surge flooding 

including the severity of the damage for the individual houses and buildings. Privacy issues 

based on the Act on Processing of Personal Data hinders to use this information for the study. 

Better data is a good starting point of a good research. The use of this information will enhance 

the accuracy and the value of the study.  

 

However, the data protection regulation strengthens more and more as the consequence of 

potential data abuse is getting substantially bigger than ever before, such that EU has introduced 

the General Data Protection Regulation (GDPR) in May 2018. It will make many data access 

more difficult than now. If the actual flooding data cannot be accessible for this reason, new 

floodplain information adjusted for the existing flood prevention measures may bring the similar 

results; the current hydrological GIS information on floodplain only captures the terrain 

characteristics such as land elevation and potential water channels from the sea to the inland 

created by the shape of the land.  
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6. Conclusion 

The objective of this thesis is to investigate: (1) how much the maximum willingness to 

pay is to avoid a coastal flooding event for Danish people conditional that the material damages 

are compensated and (2) what the total economic value of coastal flooding prevention measures 

is to single-family houses in the study area. The conducted study leads to a conclusion that the 

maximum willingness to pay is 19.4% of the house price on the average, which is equivalent to 

DKK 115,219,540 for the flooded houses transacted during the study period in the study area. 

The applied results to all houses in the study area based on the predicted sales prices show that 

the total economic value is DKK 528,705,356, which implies that the value of hypothetical 

flooding prevention measure in the study area against 2-metre height sea-level rise is DKK 

528,705,356 plus the value of the prevented material damages.  

 

The estimation was done by a first-stage hedonic pricing analysis using a difference-in-

differences approach. Spatial and serial dependences caused by using spatial pooled cross-

sectional dataset were controlled by spatial and serial fixed effect variables. This model 

construction is beneficial for policy decision makers. First, the first-stage hedonic study requires 

relatively minimal data than other stated preference techniques. Second, the hedonic pricing 

method lets us eliminate the risk of people understating their WTP and infer the WTP based on 

people’s actual choice made in the real market. The difference-in-differences approach makes it 

possible to interpret the welfare effect of a non-marginal change in the environmental amenities 

and to eliminate unobserved differences between before and after the event and between the 

treated and the untreated groups.  

 

There has not been any hedonic study conducted to analyse the economic impact of storm 

surge flooding in Denmark to recover individual household’s willingness to pay. This study, 

thus, can provide a theoretical ground to estimate the potential welfare change caused by 

introducing coastal protection measures. 
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7. Perspectives 

Sea level is rising due to climate change at an accelerating rate in recent decades which can 

double the total sea level rise projected by 2100 compared to the projections assuming a constant 

rate (NASA 2018). The climate change also causes more frequent extreme weather events such 

as powerful storms, prolonged unexpected weather events, and unprecedented weather 

conditions. Combination of the sea-level rise and the extreme weather events enlarges the 

potential coastal flood damages in the coastal area. Increased number of people and value of 

assets in the coastal floodplain due to socio-economic development along the coastal cities 

exacerbate the extent of the damage (Hinkel et al. 2014).  

 

Denmark is not an exception from the coastal flooding problems and rather highlights the 

seriousness of the problems as it has extremely long coastlines compared to the size of the land. 

Storms like Bodil can hit the country more often in the future and many coastal cities, such as 

Roskilde, have already suffered from a few big storms over the last couple of years.  

 

The study results show that Danish people are willing to pay 19.4% of their house prices 

extra on the average to avoid the coastal flooding although they are compensated for the physical 

damages by the Danish Storm Council. It takes a good share of the house price; thus, the total 

economic value of the flood prevention measures will be greater in the big cities with 

substantially bigger population and more expensive properties. It was the trigger question of this 

thesis, questioning the total economic value of the non-material cost of a flooding event in the 

city of Copenhagen, though the study design did not allow to choose Copenhagen as a study 

area, as storm surge in recent years has not flooded the city.  

 

There is a problem to apply the results of this thesis to big cities. This study is based on the 

transactions of single-family houses in small- and medium-sized cities. Big cities, such as 

Copenhagen, Aarhus, and Aalborg, comprise many different types of buildings, for example, 

apartments, single-family houses, townhouses, and commercial buildings and the share of the 

single-family houses are much smaller than the cities in the study area. It implies that the results 

of this study cannot be directly applied to the big cities.  

 

One of the challenges in conducting hedonic studies in the big cities is that there are so 

many heterogeneous types of the structural characteristics among different types of the 

properties that it is difficult to construct a model for the first-stage hedonic analysis. Developing 

a model to control for these differences will be an advance to hedonic studies such that the model 

can be applied in more complex settings. 

 

The second-stage analysis can be conducted to apply the results of this study to the big 

cities, though the higher share of non-housing properties could still limit the applicability. 

Revealing the demand function for the individual characteristics of individuals with different 

socioeconomic backgrounds will shed more lights on people’s marginal willingness to pay for 

flood prevention measures in the big cities.  
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