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Summary 
The valuation process of dwellings needs improvement (DNB, 2019; Ollongren, 2019). Real estate 

agents regularly value dwellings too high which contributes to the overheating of the dwelling market. 

In contrast to real estate agents, municipalities in the Netherlands yearly estimate the dwelling value of 

the dwellings in their municipality a few percent lower than the market value (the price a dwelling 

would fetch in the market) (Visser and van Dam, 2006). This results in many appeals by residents since 

this market value of the municipality (WOZ-value) is used for several purposes such as taxes and 

providing mortgages. 

The valuation process of dwellings is difficult seeing as the value of residential real estate depends on 

different factors. Some aspects which influence the dwelling value, such as location, quality, 

maintenance, appearances, facilities, and practicality, were recently investigated by Arentze and 

Stevens (2018). These aspects are problematic in the dwelling valuation process since they are tougher 

to measure. This is the result of their subjective character (e.g. differences in perception of the 

appearance of a dwelling) and mutability in comparison to, for example, the surface of a dwelling 

(Arentze and Stevens, 2018).  

This study focuses on bodies of water (e.g.  river, canal, and brook) in the surroundings of a dwelling 

which might affect the dwelling value. The effects of the types of bodies of water on the dwelling value 

could be integrated in the WOZ valuation process, which would contribute to a more detailed 

explanation of differences between dwelling values. Furthermore, finding significant characteristics 

which affect dwelling values would contribute to a higher certainty of predicting the dwelling value and 

could be used in data driven valuation, which is stimulated by the Government of the Netherlands 

(Ollongren, 2019). So, the main question of this research can be formulated as follows: 

 

What is the effect of different water types on the dwelling value and how can this aspect be integrated 

into a valuation model for dwellings used by the municipalities? 

 

In order to find answers to this question, previous studies are reviewed to find out which dwelling 

characteristics affect dwelling value. Dwelling characteristics and environmental characteristics mainly 

contribute to the dwelling value. Several times before, bodies of water and environmental characteristics 

have been investigated and many significant and nonsignificant effects to the dwelling value were 

found. This indicates the difficulty they cause when estimating the WOZ value.  

The effects of environmental characteristics on dwelling values will be investigated mainly with the 

Hedonic Pricing Method. This model has several advantages and is the best model to estimate the effect 

of water on the dwelling value in this study. Recently, Arentze and Stevens (2018) created a large 

transaction dataset of 14,383 dwellings in West-Brabant for their research, and this dataset was also 
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used for this study. In the study of Arentze and Stevens (2018), 27 dwelling characteristics were 

distinguished, that explained 84% of differences between the dwelling values. Bodies of water, 

however, were not included in their study.  

Therefore, data of water types has been obtained and added to the dataset. The data on types of bodies 

of water in the Netherlands was obtained from PDOK (Publieke Dienstverlening Op Kaart), including 

a map with the different types and specific locations. With GIS (Geographic Information System), the 

distances to the nearest water types were determined. Furthermore, the percentages of the water types 

in environmental radiuses were investigated, which were the strategies for different analyses. The 

analyses were performed looking at global bodies of water (Gully / dry ditch, transition (between a 

water area and a water course), water course and water area), and more detailed water types (Gully / 

dry ditch, transition, ditch, canal  (gracht), canal 2 (kanaal), water course unknown, lake / pool / pond, 

harbor, water area unknown). The transaction price is then analysed in two ways (transaction price and 

the log transaction price). These analyses are done to look into the effect of water on the dwelling value 

and how it should be implemented in valuation models. Then the analyses are used to find strategies for 

a newly proposed model which showed significant promise. Furthermore, the addition of the bodies of 

water types to this newly proposed model needed to increase the adjusted R² (the accuracy of prediction 

of the dwelling value). The results of this research indicate that the presence of global water types have 

a more significant effect on dwelling values than the more detailed water types do. In addition, the 

amount of distance to the nearest water type resulted in a higher adjusted R² than the amount of surface 

of the water type. Furthermore, the transaction price showed a higher adjusted R² than the log 

transaction price. Therefore, global bodies of water, distance to the nearest water type and the 

transaction price were the strategies for the subsequently proposed model. The model is created with 

the strategy of in which each global body of water showed a significant effect on the dwelling value.  

The final model of this research takes into account that a gully / dry ditch and a transition within a radius 

of 50 meters affect the dwelling value. The water course and the water area influence the dwelling value 

until a radius of 100 meters. So, distances to these water types do impact dwelling values. Yet beyond 

these distances the dwelling value is not affected by the presence of water types. As opposed to previous 

studies, this study concludes that a gully / dry ditch affects the dwelling value within a radius of 50 

meter negatively (-€12,540). A transition within a radius of 50 meter has an increasing effect on 

dwelling values (+€8,848). After that a water area (+€4,439) located within a radius of 100 meters has 

less effect and a water course located in a radius of 100 meters has the lowest effect (+€2,324). The 27 

significant dwelling characteristics mentioned by Arentze and Stevens (2018) plus these water variables 

increase the accuracy of prediction of the dwelling value from 84% to 84.1%. However, water types 

have a higher impact on the dwelling value than other dwelling characteristics such as the surface would 

or open natural space. Therefore, the effect of water types on the dwelling value needs to be included 

when the dwelling value is determined.  
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The REN (Real Estate Norm) method is a communication tool that can be used to improve the 

communication between the residents and the municipality. The results of this study should be added 

to the REN method, as shown in table 1. 

 Table 1 REN method water types 

 

 

 

 

 

Naturally, this study has some limitations which are discussed, furthermore there are suggestions for 

further studies. For example, in the used dataset, no data of large cities or other parts of the Netherlands 

were included. The dataset should be expanded with data from other places in the Netherlands to test 

the results of this proposal and to modify it if necessary. Furthermore, differences between the added 

value of the water type on the dwelling value between areas in the Netherlands are to be expected, 

because the presence of waterways will be different. The creation of one platform with all the data could 

help the municipalities in sharing knowledge of their WOZ valuation methods. 

Many significant relationships have already been found between dwelling characteristics and the 

dwelling value. These dwelling characteristics need to be translated into the REN method to make it 

complete and useable. In addition to those, many other dwelling characteristics have still not been 

included. So more dwelling characteristics need to be further analysed to increase the accuracy of 

prediction of the dwelling value.  Some examples of these characteristics are the effect of the distance 

to public transport, walkability, and distance to the highway. These variables have also not been 

included. However, the included characteristics still explain 84.1% of differences between the dwelling 

values which is very high and a good start for the next step: data driven valuation models. 

 

 

 

 

 

 

 

 

 

 
 

 Environmental characteristics          Added value 
 

 
 Effect of water  Distance to nearest gully / dry ditch 1   <50m  -€12,540   

 
  

        2   >50m      
 

  
   Distance to nearest transition 1   <50m  €8,848   

 
  

   (between a water course and a water area)     2   >50m -     
 

  
   Distance to nearest water course 1   <100m  €2,324   

 
  

        2   >100m -     
 

  
   Distance to nearest water area 1   <100m  €4,349   

 

          2   >100m -     
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1. Introduction  
The valuation process of dwellings needs improvement. This is the case according to the Financial 

Stability Committee, which represents the Ministry of Finance, De Nederlandsche Bank and the Dutch 

Authority for the Financial Markets (De Nederlandsche Bank, 2019). Real estate agents regularly set 

too high a value for dwellings which contributes to the overheating of the market. In sixty percent of 

the valuation cases, the assessed value is on average five percent higher than the purchase prices (De 

Nederlandsche Bank, 2019). Ollongren (2019), minister of internal affairs of the Netherlands, is 

convinced that a model-based valuation could be an alternative for the current valuation method. A 

model-based valuation is data driven, more autonomous and less subjective than the valuation methods 

which are currently employed by real estate agents. The valuation models which are used by real estate 

agents are more subjective, meaning that personal interpretation and preference have a higher effect on 

the valuation. In other words, for example the location of the dwelling is less easy to valuate and 

assessed on experience. Other than Ollongren, many other critics around the world expect a change in 

the valuation process. For example, according to Roelands (2018) the valuation of dwellings will soon 

change into a data-driven valuation process instead of a subjective valuation, and therefore the tasks of 

a real estate valuator will change radically. Lastly, the changes in the real estate sector due to the 

increased importance of data for the valuation of real estate are recognized worldwide 

(Financemagnade, 2018).  

1.1  Background 
In the Netherlands, there are two parties that estimate dwelling value: real estate agents and the 

municipalities of the Netherlands. In contrast to real estate agents, the municipalities yearly estimate 

the value of the dwellings in their municipality with a model-based valuation model. Municipalities 

value the dwellings for the Valuation of Immovable Property Act (WOZ). This estimated dwelling value 

(WOZ value) is used by the municipalities to determine the amount of tax due and the banks uses it to 

provide mortgages. However, the WOZ value is a few percent lower than the actual market value 

(Visser and van Dam, 2006). Thus, the WOZ value regularly causes many disputes regarding its 

accuracy. Many taxes are based on the estimated dwelling value and citizens can contest the estimated 

value. Since 2015, the number of appeals against the WOZ values has increased from 1.1% in 2015 to 

2% in 2019 (De Waarderingskamer, 2019). For the municipalities in the Netherlands this caused 

approximately two million euros in additional expenses in 2018. Improvement of the valuation method 

is therefore needed to overcome the inaccurate valuations and reduce the appeals against the estimated 

WOZ value. This would result in a more effective way of spending public money. In addition, 

improvement would be appease residents, since a higher or lower WOZ value can have significant 

consequences for paying taxes, acquiring mortgages and their position while selling.   
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Mutating the valuation method has proved challenging, though. This is a result of fact that the value of 

residential real estate depends on many dwelling characteristics. These characteristics can be 

categorized into four different groups (Visser & Van Dam, 2006). The physical characteristics of the 

dwelling such as surface and number of rooms are important. Besides that, the physical surroundings 

of the dwelling are important, for example the amount of green and water in the neighbourhood. Thirdly, 

the socio-cultural and socio-economic environment of the dwelling affects the value; consider the 

average income in the neighbourhood and the number of rental dwellings in the neighbourhood. Lastly, 

the practical environment of the dwelling is such a characteristic, i.e. the distance to different facilities, 

that influences the dwelling value (Visser & van Dam, 2006). 

Recently, Arentze and Stevens (2018) concluded there are 27 dwelling characteristics which affect the 

dwelling value. In fact, 84% of the differences in the dwelling price can be explained by these 27 

different characteristics. Despite this, 16% of the discrepancy in dwelling value is not explained. Some 

dwelling characteristics of the physical surroundings of the dwelling were included in the study of 

Arentze and Stevens, the effect of water presence too (2018). So Arentze and Stevens investigated the 

effect of bodies of water on the dwelling value, yet did not find a significant effect of the total surface 

of open water in the neighbourhood on the dwelling value. This is remarkable because several studies 

show a significant effect of the presence of bodies of water on dwelling value. Therefore, the bodies of 

water characteristic will be analysed in detail in this study. This research will function as a follow up 

on the study by Arentze and Stevens (2018), where new variables will be added to theirs: the presence 

of bodies of water. 

1.2  Research Focus 
As a result, the focus of this this study is the effect of bodies of water on the dwelling value. After 

reviewing literature, relationships between water types and the dwelling value were found and there is 

thus sufficient reason for further research regarding this subject. In foreign countries, three different 

bodies of water and their effects on dwelling values have been analysed: canals, streams, and rivers. 

Rivers have been investigated by, among others, Jim and Chen (2007); Morgan, Hamilton, and Chung 

(2010); Tapsuwan, Ingram, Burton, and Brennan (2009); Gibbons, Mourato, and Resende (2014). 

Significant effects of rivers on the dwelling value were found in China, the United States, Australia, 

and England. The effect of streams and canals on the dwelling value has been investigated less. Recently 

though, significant effects between bodies of water and the dwelling value have been found in Italy. 

This study was conducted by Bonetti, Corsi, Orsi, and De Noni (2016). 

 

As well as in other countries, the effect of the presence of bodies of water has been investigated in the 

Netherlands (e.g. Bervaes & Vreke, 2004; Fennema, 1995). Visser and Van Dam (2006) investigated 

the effect of different location factors, including physical surroundings, on the dwelling value. They 

showed that several bodies of water in the surroundings have an effect on the dwelling value in urban 
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and rural areas. For instance, the effect of a recreational lake on the dwelling value differs in urban and 

rural areas (Visser & Van Dam, 2006). In addition, Luttik and Zijlstra (1997) showed that the effect of 

bodies of water on the dwelling value is two times higher when there is a view on the water from the 

backyard, instead of a view on water from the front yard. In conclusion, the effect of bodies of water 

on dwelling value differs based on the type of body of water, the area (urban or rural) and the location 

of this body of water (front- or backyard). All in all, many relationships between the environment 

characteristic of presence of water and the dwelling value are found. These will be further discussed in 

chapter two. 

 

So, studies were focused on the effect of different bodies of water in both foreign countries and the 

Netherlands. However, the effect of the presence of a body of water in general is investigated in most 

cases. Yet when water types are more specific, only few water types are investigated in the same study, 

such as recreational lakes, line water, surface water. No study has been found regarding more detailed 

water types and their effect on dwelling value in the Netherlands.  

 

1.3  Purpose and research question 
The aim of this study is to investigate the relationship between types of bodies of water and the dwelling 

value to increase the accuracy of prediction of dwelling value, continuing where the study of Arentze 

and Sevens has stopped. Another purpose is to provide recommendations as to how the effect of the 

presence of bodies of water on the dwelling value should be integrated in a valuation model. Moreover, 

seeing as a limited amount of types of bodies of water are taken into account in the same research area 

in previous studies, this will be done here, too. So, this study will examine the effect of the presence of 

water types on dwelling value included in a valuation method. In addition, the effect of the distance 

between the dwelling and body of water will be considered. Therefore, this study will investigate the 

relationship between the distance of the water type on the dwelling value. Furthermore, the different 

effects between the water types on the dwelling value will be analysed.  

 

To reach this goal, a dataset with transaction prices and dwelling characteristics of 26,301 dwellings 

will be utilised and investigated. This data has been obtained from 9 municipalities, the CBS, and Funda. 

The dwellings are located in the municipalities Bergen op Zoom, Dongen, Etten-Leur, Halberge, 

Moerdijk, Oosterhout, Roosendaal, Woensdrecht, and Zundert. The dataset will be expanded with 

public data of PDOK (Publieke Dienstverlening Op de Kaart) which is in cooperation with different 

departments of the government. This data consists of a water map that will be combined with the 

dwelling addresses to determine the distance between the body of water type and the dwelling. After 

that, multiple regression analysis will be used for hedonic price analysis. This method will be further 

illustrated and discussed in chapter three. 
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This study contributes to expanding research on effect of water types on the dwelling value, since 

previous studies in the Netherlands and foreign countries do not distinguish the effect of the presence 

of a canal, ditch, river, and a lake on the dwelling value. Those effects should be implemented in the 

WOZ valuation method to give the municipality a tool to communicate and promote the WOZ value to 

residents. This is needed since every year many residents contest the estimated value. A clearer 

motivation of the municipality should lead to fewer appeals (Arentze & Stevens, 2018). In addition, it 

will result in less space for negotiation and valuation of the real estate agents. The estimated value of a 

dwelling is higher than the purchase price in almost 60 percent of the valuations, according to De 

Nederlandsche Bank (2019). A big data-driven valuation model should be able to eliminate this 

problem. For now, though, improvement of the current valuation model is necessary. 

 

The main question of this study is therefore: 

 

What is the effect of different water types on the dwelling value and how can this aspect be integrated 

into a valuation model for dwellings used by the municipalities? 

 

1.4  Guide 
This thesis is organized as follows. Chapter 2 consists of a literature study of previous studies on the 

dwelling value with the focus on the effects of environmental characteristics. In addition, the WOZ 

valuation method will be described. Furthermore, a method will be analysed which gives the 

municipality a tool which can be used to promote and communicate the WOZ value to the residents in 

more detail. ln chapter 3, the methodology for this study, including data and the chosen method, will be 

discussed. After that, different analyses are performed, and a proposed model is created which will 

show the effects of the presence of bodies of water on the dwelling value (chapter 4). In addition, the 

effects will be translated into the communication model that could help the municipality to promote the 

WOZ value among residents. In chapter 5 the main question will be answered, and recommendations 

will be made. Also, the limitations of this study will be discussed.  
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2. Theoretical framework 
The impact of the environment on the dwelling value has been investigated by many researchers since 

the 70s (e.g. Ball, 1973; Bednarz & Berry, 1975; Mark 1973; McDonald, 1985). Moreover, the demands 

of residents for environmental characteristics have been investigated with different approaches. The 

relevant findings of those investigations will be discussed in this chapter to illustrate how the dwelling 

value is constructed. It is important to find out how the dwelling value is composed, and especially how 

environmental characteristics affect the dwelling value. Furthermore, the different methods used to do 

this are reviewed to find possibilities to put this study to practical use. First of all, the dwelling value is 

discussed with the focus on the presence of a body of water. Then, the used research methods of 

previous studies to determine the effect of a dwelling characteristic on the value are discussed to find 

which one should be used for this study. Then the valuation model will be discussed, which is used by 

the municipalities in the Netherlands to estimate the dwelling value. Finally, the REN method, 

suggested by Arentze and Stevens (2018) to reduce the number of claims of residents against the WOZ 

value, is discussed. 

2.1  Dwelling value 
Results of previous studies on the dwelling characteristics which affect dwelling value will be discussed 

in this section. First, a bit of general information is given about the different dwelling determiners which 

affect the value of a dwelling on international and national level. Second, the added factor of the 

surroundings of the dwelling value is discussed, focusing on water (in general and water types).  

2.1.1 Key determiner of the dwelling value  
The first study regarding dwelling characteristics in relation to the value of a dwelling was conducted 

in the 70s in England and the United States. In the United States, according to Miller, the dwelling value 

is determined by characteristics that can be divided in five different groups (1982). Those characteristics 

are: 

1. Dwelling characteristics 

- Quantitative (volume, parcel surface, living area, year of construction) 

- Qualitative (facilities, maintenance, renovation) 

2. Environmental characteristics 

- Geographical differences of taxes which affect the value of the dwelling (real estate 

transfer tax, property tax, income tax, donation- and inheritance tax) 

- Costs for transport 

- Externalities: air quality, public facilities (parks, reservoirs), population composition, 

noise, located companies and the dumpsite 

- Soil and groundwater pollution in the neighbourhood 
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- Amount of social housing in the neighbourhood 

3. Financial characteristics which affect the dwelling value 

- Availability of loans 

- Financing forms 

- Condition of the transaction 

4. Transaction costs 

5. Inflation and Market prices 

The effect of these characteristics on the dwelling value has been examined in many studies in the US. 

Each characteristic affects the dwelling value. Still, the dwelling characteristics and the environmental 

characteristics are the most important and together determine the value of a dwelling for almost 80 to 

90 percent (Ball, 1973; Bednarz & Berry, 1975; Mark 1973; McDonald, 1985; McLeod, 1984; 

Richardson, Vipond, & Furbey, 1974; Wieand, 1975; Witte, Sumka, & Erekson, 1979). As Berry (1980) 

said: 

'The selling price of a property depends significantly upon the attributes of the house and  

upon several characteristics of the neighbourhood' (p.32). 

In other words, the dwelling value is mostly dependant on the location of the dwelling and the dwelling 

characteristics. In general, the dwelling value can be explained by dwelling characteristics for 60 to 80 

per cent and the remaining part (between 10 and 30%) can be explained by environmental characteristics 

(Jansen,1992). As Ball (1973) mentioned: 

 

'It is highly likely that part of the unexplained variance is spatially related' (p. 233) 

 

So, the dwelling value can preliminarily be explained by the dwelling characteristics and for the 

remaining part by the location of the dwelling. The other characteristics (i.e. financial characteristics, 

transaction costs, and inflation and market prices) do not have a large effect on the dwelling value 

(Breugemann, 1979; Colwell, Guntermann, Sinnans, 1979; Griliches, 1971; Güntermann, 1981; Miller, 

1978; Palmquist, 1980). These conclusions are based on studies in foreign countries (e.g. United States 

and England). Dutch research was needed to find similarities and differences between the international 

housing market and the Dutch housing market concerning these conclusions. 

 

The first study on the effect of dwelling characteristics on dwelling value was performed in the 

Netherlands in the 90s. The results of the foreign studies were compared with existing results in the 

Netherlands. Janssen (1992) found many similarities and differences between the results. He discovered 

that the dwelling characteristics have a large significant impact on the dwelling value in the Netherlands. 

Environmental characteristics, however, do not have a large significant effect on dwelling value. This 
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is in contrast with studies from the United States and England, since these mention an effect of 10-30% 

on the dwelling value. In addition, the surroundings are the most important determiner of the dwelling 

value according to Orford (1998) who investigated those characteristics in the United States. 

Furthermore, Dutch studies showed that dwelling characteristics such as surface, volume, rooms, and 

the year of construction represent more than 50 percent of the dwelling value (Boelhouwer, 1999; 

Boelhouwer, Conijn, & De Vries, 1996; Boelhouwer & De Vries, 2000, 2001; Rouwendal, 1989; Spit 

& Needham, 1987). Since the results of foreign countries show differences within the establishment of 

the dwelling price, the results cannot be applied in the Dutch housing market.  

 

More recently, a distinction between the effects of different dwelling characteristics on the dwelling 

value in the Netherlands was investigated by Visser and Van Dam (2006). In addition, another 

distinction between the different dwelling characteristics was made by Miller (1982). Visser and Van 

Dam (2006) made a distinction of four groups which affect the dwelling value.  

1. Physical characteristics (e.g. surface, number of rooms) 

2. Physical surroundings characteristics (e.g. green and water in the neighbourhood) 

3. Socio-cultural and socio-economic environmental characteristics (e.g. average income, number 

of rental dwellings in the neighbourhood) 

4. Functional environmental characteristics (e.g. distance to facilities) 

 

The effect of these four determinants were investigated by analysing dwelling transactions of 557,891 

dwelling transactions between 1998 and 2003 (Visser and Van Dam, 2006). These dwellings were 

located in different provinces in the Netherlands. According to Visser and Van Dam (2006), the 

dwelling value can be established for 23% by looking at physical dwelling characteristics, for 7% by 

looking at the provinces in the Netherlands (a dummy variable which is investigated in every model), 

for 7% by looking at the physical surroundings characteristics, for 8% by looking at the social-living 

environment characteristics, and for 12% by looking at the functional environmental characteristics. 

This is a total of 58% of the dwelling value. Still, 42% is unaccounted for according to Visser and Van 

Dam (2006), which could be explained by the limited characteristics that were investigated. Among 

others the financial characteristics, transaction costs and inflation and market prices were not included 

by Visser and Van Dam (2006) but were included by Miller (1982). 

 

Recently, Arentze and Stevens (2018) continued with this and found 27 dwelling characteristics which 

affect the dwelling value and together establish 84% of the variety in dwelling value (Table 2). A 

complete overview of the results of the analyses of Arentze and Stevens (2018) is shown in appendix I. 

More details about their used data will be discussed in chapter 3.  
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Table 2 Dwelling characteristics (Arentze and Stevens, 2018) 

1 Ground surface  15 Dwelling type 
2 Volume 16 Construction year 
3 Bay window 17 Year of transaction (2016) 
4 Dormer  18 Year of transaction (2017) 
5 Balcony  19 Urban type is 5 (lowest urban density) 
6 Basement  20 Distance warehouses 
7 Garage  21 Distance local facilities 
8 Location: quality of the environment. 22 Neighbourhood type 

9 Quality: facilities, used materials, 
sustainability, and technical lifespan. 23 Number of floors 

10 Maintenance 24 Number of rooms 
11 Look: own character/ the image of owner 25 Amount of Job opportunities 
12 Efficiency: usefulness of dwelling  26 Surface park  

13 Facilities: presence of facilities in 
dwelling 27 Surface wood or open natural space (ha) 

14 City/ Village in West-Brabant     
 

In this research of Arentze and Stevens (2018) however, financial characteristics, transaction costs and 

inflation and market prices have not been included either. The four groups (Physical characteristics, 

Physical surroundings characteristics, Socio-cultural and socio-economic environmental 

characteristics, and Functional environmental characteristics) have been included, though.  

In conclusion: the dwelling characteristics and the relationship to the dwelling value have been 

investigated for many different studies in several countries. Yet they all have in common that the 

location and the dwelling characteristics have a large impact on dwelling value. Therefore, the location 

of the dwelling, in other words natural environment, will be further discussed in 2.1.2.  

2.1.2  Natural environment 
As mentioned, surroundings have a large effect on the dwelling value, since surroundings have been 

getting more important in the decision of residents in favour of a dwelling in the 90s, according to Clark 

and Dieleman (1996). Notable is the result of the study of De Vries et al. (2000), who found a positive 

correlation between green surroundings and the health of the residents. According to Heins (2002) and 

Wassenberg, Kruythoff, Leliveld, and Van der Heijde (1994) green, wide and quiet surroundings are 

appreciated by residents. In addition, other studies on the perception and appreciation of the current 

surroundings show the same results (Van Dam et al. 2005; Elbersen, 2001). Furthermore, the 

characteristics green and a body of water have a positive effect on the quality of life in the surroundings 

and residents mention those characteristics when they talk about a pleasant living environment (Orland, 

et al. 1992; More et al. 1998). Besides, in the Netherlands the environmental characteristics of green 

and bodies of water are highly appreciated by residents in general (Heins, 2002; Van Dam et al. 2003; 

Wassenberg et al. 1994).  
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The characteristic of the presence of a body of water and its effect on dwelling value has been 

investigated by many researchers in the Netherlands and other countries, especially after the study of 

Kaplan and Kaplan who conducted a study in the United States (1989). They conclude:   

 

‘Water is a highly prized element in the landscape’ (p.9). 

 

A relationship between types of bodies of water and the dwelling value is suggested, therefore these 

water types will be further analysed in this study. The importance of the characteristic water has been 

measured by Kooijman (2017) by investigating the preferences of residents for water in the public area 

near them. More than 80% includes open water in their ideal neighbourhood, according to Kooijman 

(2017). However, open water is publically accessible in merely more than 40% of the investigated 

neighbourhoods. In other words, there is more demand than supply in the Netherlands regarding 

dwellings located near water. The level of practical influence of the water characteristic on quality of 

life has been investigated by Kooijman (2017) by measuring three aspects: the satisfaction, perception 

of dwelling value, and the importance of its presence. Kooijman (2017) concluded: canals have the 

highest practical value for residents and no water and a gully / dry ditch the lowest. So, the preferences 

of residents per body of water type are different. The question is: can these preferences be translated 

into a willingness to pay more? Brouwer, Hess, and Linderhof (2007) investigated this consent to pay 

more with an internet choice experiment using a dwelling next to a body of water. They concluded that 

65% of the residents in the Netherlands would spend more for a dwelling near water. Worth noting is 

that a larger household wants to spend less on this than a smaller household does.  

 

So, a positive effect of the characteristic water on the dwelling value has been found in different studies, 

yet the actual results are diverse. According to Luttik and Zijlstra (1997), the characteristic water affects 

the dwelling price positively with an added value between 8 and 10%. This effect can be seen the most 

in the value of dwellings which have a backyard next to water connected with a recreation lake. A 

follow up study of Luttik (2000) confirmed this. In addition, a dwelling located in a more attractive 

landscape has a higher value (5-12%) compared to a dwelling located in a less attractive landscape 

(Luttik, 2000). An analysis of approximately 3,000 dwelling transactions located in eight different cities 

in the Netherlands was performed to reach this conclusion (Luttik, 2000). In 2004, the results of this 

analysis were confirmed by Bervaes and Vreke (2004) who studied the effect of the presence of water 

on the dwelling value. They made a distinction between water which was located next to the front yard 

and next to the back yard to find differences between those locations. According to Bervaes and Vreke 

(2004), the positive effect on the dwelling value is more than twice as high if the view on the water is 

from the backyard (10-25%) instead of the front yard (4-8%).  
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It is important to note that results from the studies can be explained by the differences between the 

investigated cities and their location. This motivated Visser and Van Dam (2006) to investigate the 

effect of water on the dwelling value, and they analysed two area types for this: urban areas and rural 

areas. The investigation consisted of an analysis from a database with approximately 600,000 dwellings 

in different provinces in the Netherlands. According to Visser and Van Dam (2006), water types have 

a greater effect on the dwelling price in urban areas than in rural areas, and the added value of canals, 

and ditches is bigger than the added value of a recreational lake. However, differences were found 

between the rural and the urban areas here, as well. The effect of bodies of water in the rural areas was 

different since the added value of the recreational lake was high and the added value of the other types 

of water were insignificant. In conclusion, the location of the water and the water type have different 

influences on the dwelling value and significant relationships were found. The amount of surface of 

water in the neighbourhood has no significant effect according to Arentze and Stevens (2018). This 

insignificant relationship between water and the dwelling value is probably caused by the distances and 

due to the fact that the types of water were not taken into account.  

 

So, different types of bodies of water have been analysed with different methods. However, specific 

water types have been analysed with observations or questionnaires. When the Hedonic Pricing Method 

was used, general water types were analysed (Visser & Van Dam, 2006; Brouwer et al, 2007; Bervaes 

& Vreke, 2004; Luttik, 2000; Arentze & Stevens, 2018; Kooijman, 2017). The level of detail depends 

on the method, which was probably the result of the available data and possibilities to gather the data. 

Their methods will be further discussed in section 2.2.  

 

In conclusion, the dwelling value depends on a set of characteristics, of which dwelling characteristics 

and the surroundings characteristics have the largest influence. Different research tools have previously 

been used to calculate the effect of each characteristic. Arentze and Stevens (2018) did not find clear 

findings of the effect the percentage of public water surface in the neighbourhood and the dwelling 

value yet. Some studies did find a significant relationship between water types and the dwelling value, 

though. So, the only step left is the investigation of the effect of different water types on the dwelling 

value. In addition, previous studies show many effects of the presence of water on the dwelling value. 

This can be explained by looking at the different research methods and the research areas. Therefore, 

this study needs to be performed.  
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2.2 Measurement possibilities  
Different research methods have been used in previous studies to determine the effect of a dwelling 

characteristic on the value. The possibilities are discussed and the moste suitable study for this study 

will be chosen.  

Interviews with experts 
This method uses the knowledge of experts, like real estate agents and valuators, in the dwelling market. 

The experts are asked about their experiences and knowledge about their clients and their motivation to 

buy or sell a dwelling. A large data set for this method is not needed, which is a large advantage. In 

addition, this method is relatively simple to perform (Visser & Van Dam, 2006). However, the 

disadvantages of the method are a limited reliability and validity, because the effect on the dwelling 

value can only be expressed in qualitative and comparable terms (Visser & Van Dam, 2006). This 

method is more fitted for a smaller exploratory study, to find out if location characteristics affect the 

dwelling value. These effects are known by the experts. Wijnen, et al. (2002) used this research method 

to investigate the relationship between green surroundings and the dwelling value. The added value of 

green surroundings on the dwelling value was estimated around 7% and this is comparable with the 

results of Luttik and Zijlstra (1997), who used the Hedonic Pricing Method. Other studies where the 

same method was utilised in the Netherlands were those of Sijtsma et al. (1996) and Leeuwen (1997). 

The Contingent Valuation Methods  
The contingent valuation methods have been used in previous studies to analyse the effect of the 

location characteristics on the dwelling value (Visser & Van Dam, 2006). This method uses surveys 

which are filled in by residents to investigate their willingness to pay for the dwelling with different 

conditions. In summary, the residents are asked how much they would pay for a dwelling in a hypothetic 

situation. A stated choice experiment is a contingent valuations method and asks the respondent to 

choose the preferred hypothetic situation out of others. The main advantage of the model is that there 

are no additional requirements for the availability of existing data. In addition, this contingent valuation 

model gives the opportunity to collect more data on the residential characteristics (Visser & Van Dam, 

2006). This method provides the opportunity to collect data on the preferences in dwelling and location. 

One disadvantage of it is the limited level of certainty even though further research is done with 

interviews or other analysing techniques, such as the decision path which shows the decisions made 

after changes in occurrence. The level of certainty is low, because respondents do not consider actual 

situations but a fictive situation. Here, negotiations about the price have not taken place and the 

respondents might not be interested in a new dwelling. In addition, the method is labour-intensive which 

results in high costs. The main advantage is that the method is useful to estimate amenities, such as the 

location characteristics and facilities. The method is not used often in the Netherlands (Visser & Van 

Dam, 2006). 
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Hedonic Pricing Method 
The Hedonic Pricing Method is a multivariate regression analysis of the dwelling price to measure the 

effect of different dwelling and location characteristics with the aim of estimating the market value of 

the dwellings. The main idea is that the price of the dwelling depends on the different attributes of a 

dwelling and location characteristics (Rosen, 1974). The advantage of the method is the underlying data 

which consists of actual dwelling transactions, showing revealed preferences of actual buyers. This is 

in contrast with the contingent valuation method, seeing as this uses fictive situations (stated 

preferences) (Visser & Van Dam, 2006). The disadvantages of the method are the amount of data 

needed, since many transactions are necessary to perform it. Also, many dwelling characteristics are 

needed in the dataset to find as many characteristics as possible which affect the dwelling value, 

otherwise the outcome will not be representative. So, the Hedonic Pricing Method requires more data 

than interviews with experts and the Contingent Valuation Model. The method is used in many studies 

in the Netherlands (e.g. Bervaes & Vreke, 2004; Luttik & Zijlstra, 1997) and foreign countries (e.g. Li 

& Brown, 2006). They investigated primarily location characteristics, including the effect of the 

distance of green surroundings on the dwelling value. The Hedonic Pricing Method is used in these 

studies, because of the trustworthiness of the results, and the possibility to estimate the value of location 

characteristics (Ramirez & Thalmann, 2008). 

Evaluation of suitability 
In conclusion, three different methods could be used for this study: Interviews with experts, the 

Contingent Valuation Method and the Hedonic Pricing Method. Interviewing experts is very useful 

when limited data is available. However, this results in a limited reliability and validity, because the 

effect on the dwelling value can only be expressed in qualitative and comparable terms. Reliable and 

valid results are needed to improve the WOZ valuation method to reduce the amount of appeals of the 

residents on the calculated WOZ value. Therefore, this method does not suit this study.  

The Contingent Valuation Method is interesting for this study, because there are no additional 

requirements for the availability of existing data. Furthermore, specifications of different water types 

would be easier to measure. However, the level of certainty is questionable, since this method is based 

on fictive situations and stated preferences. In addition, the method is labour-intensive which results in 

high costs. A high level of certainty is preferred which is necessary for promoting the results to the 

residents of the participating municipalities and reducing the amount of appeals. Besides, there is no 

fund available for this study and the available time is limited. In conclusion, this method would be more 

suitable than the Interviews with Experts.  

The Hedonic Pricing Method uses actual dwelling transactions and measures the revealed preferences 

which increases the level of accuracy. Many transactions are needed to increase the reliability and 

validity of the results. Furthermore, the costs are relatively low, because the method is not labour-

intensive. However, a large dataset would be needed with many dwelling prices and location 
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characteristics. To conclude, the Hedonic Pricing Method is the most suitable method for this study as 

a large data set is available. 

 

2.3  Valuation model of municipalities in the Netherlands 
Each year, every dwelling is valuated by the municipalities to determine the claimable tax for the 

residents. The effect of dwelling characteristics on the value is different in all cases, as shown in the 

previous section. In addition, the models used for determining the dwelling value differ between 

municipalities. Still, the basic structure of the model is similar for every municipality and therefore 

described here. First, the relevance of the WOZ is mentioned, after which the main structure of the 

valuation model used by the municipalities in the Netherlands is described. Then a specific part of the 

valuation model which is used by the municipality of West-Brabant is outlined. This is necessary for 

possible improvements. Third, the underlying motivations for suggestion of Arentze and Stevens (2018) 

for the use of the REN Method are checked and assessed.  

2.3.1  WOZ  
The WOZ is a part of the Valuation of Immovable Property Act (i.e. Real estate valuation Act). Every 

year, municipalities value dwellings to determine the WOZ value. This value should represent the 

market value on the date of valuation. Three different authorities in the Netherlands use the WOZ value 

for separate purposes. First, the tax authority in the Netherlands uses the WOZ value to determine the 

income tax (inkomstenbelasting), corporate tax (vennootschaps-belasting), gift and inheritance tax (erf- 

en schenkbelasting), and the landlord levy (verhuurders-heffing) that residents will have to pay (WOZ-

datacenter, 2019). Second, on a regional level the district water board uses the WOZ value to determine 

the height of the tax that needs to be paid for the use of water, the water board levy (waterschapssysteem-

heffing). Third, the municipalities use the WOZ value to determine the taxes which are owed for the 

ownership of immovable property (onroerende zaken belasting). In addition, several municipalities use 

the WOZ value to indicate the tax for the use of the sewer and the household waste (WOZ-datacenter, 

2019). 

Consequently, a higher WOZ value results in a higher tax for the owner of the house. However, a higher 

WOZ-value does not only have disadvantages, since for example a higher WOZ value can lead to a 

lower interest rate for a mortgage, as the risk for the creditor decreases. In other words, a lower or higher 

WOZ value has both disadvantages and advantages. Therefore, every houseowner has its own interests 

in the determined the WOZ value. A thorough valuation process is important to estimate the right market 

value. However, the WOZ value consistently displays a value which is a few percent lower than the 

market value (Visser and van Dam, 2006). Subsequently, since 2015 the amount of appeals against the 

WOZ value have rapidly increased. In 2015, 79,000 residents made an appeal against the WOZ value, 

and this was approximately 122,000 in 2018, according to the Waarderingskamer (2018). This increase 
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is caused by the boosted dwelling values and the amount of taxes which are based on the WOZ value. 

The costs for the municipality to valuate the WOZ value per dwelling are €17.30. So the appeals result 

in more than two million euros of extra costs in total each year (Waarderingskamer, 2018). The high 

amount of appeals suggests that an improvement is needed, therefore the WOZ valuation method is 

analysed in the next section. 

2.3.2  Determination of the WOZ value in the Netherlands 
The guidelines of the valuation process according to the Waarderingsinstructie 2018 are described in 

this section (De waarderingskamer, 2018). These guidelines have been established as a basic tool for 

municipalities. The process consists of three different steps which will be discussed briefly. First, the 

analysis of the dwelling transactions during the year will be discussed. This is the input for the valuation 

model. Secondly, guidelines for the model selection will be described. Then lastly the process steps for 

the final review will be discussed. 

1. Ongoing market analyses 

The real estate market is continuously analysed to gather relevant sales figures which can be used for 

valuation models. During this process, four different actions are relevant. First, the market data is 

collected from the Kadaster. This organization provides data considering the selling prices of existing 

dwellings as well as new dwellings. Furthermore, the registered characteristics of the dwelling are 

assessed by comparing released sales data of purchased dwellings with the existing database with 

dwelling characteristics of similar dwellings to asses if the existing data is correct. Thirdly, additional 

details of the dwelling characteristics are gathered to get more insight in the characteristics which have 

not been registered. In addition, alterations which affect the value need to be registered to keep the data 

up to date. In the end, the market data is analysed in combination with the already determined WOZ 

value. This outcome needs to be verified against the Law of the WOZ (De Waarderingskamer, 2018).  

2. Models 

Results of the market analyses are the input for the second phase of determining the WOZ value. In this 

phase, the model for valuation is chosen and the WOZ value is determined. After this step, the results 

will be assessed following different norms. This phase is separated in six different steps which are 

discussed below (De Waarderingskamer, 2018b). 

1. Selecting the valuation model 

The municipalities are responsible for the model which is used for the valuation of dwellings. The 

following four different ideal model categories can be distinguished and these models, which in practice 

may have become hybrid forms, are used by the municipalities:  

(A) This model has a group structure and focusses on less than 10 sales numbers of dwellings in 

their group.   
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(B) This model has the same group structure as the first model category, yet this does not only 

focus on the sales results in the group, as it also includes sale results of dwellings outside its 

group.  

(C) In contrast with model A and B, the third model is based on calculations of externally obtained 

key figures, and every WOZ value of each dwelling is calculated separately.  

(D) This model has a statistical approach, and mostly uses a regression analysis. 

Different conditions are determined for the model used by the municipalities, for example that all the 

relevant dwelling characteristics which affect the value need to be taken into account. Furthermore, the 

differences between the valuations of each dwelling need to be distinguishable in primary (e.g. surface, 

rooms) and secondary dwelling characteristics (e.g. quality, maintenance). 

2. Determine the test standards to assess the values of the model 

Before the next steps can be performed, concrete test standards need to be determined. Each 

municipality has different risks to deal with, and therefore the standards should correspond with those 

risks. Different risks can be taken into account: the general risks and the risks which can only occur in 

the quality tests. Every model takes several risks into account, still the way in which the model is used 

can have a positive or negative effect on the risks.  

Main risks for one or more models are:  

- Incorrect value ratio between the different dwelling groups or between the dwellings 

- Subjectivity, since parameters or key figures are individually measured 

- ‘Yoyo-effect’, the results are strongly affected by a limited amount of recent sales 

-  Illogical influence of secondary dwelling characteristics 

After choosing a model, the models need to be tested, and therefore test norms need to be set in order 

to reduce the risks of the model. Some test norms are for example: 

- Differences in the dwelling value of dwellings from different groups located close to 

each other need to be explainable 

- The used parameters have to be applied consistently  

- Similar characteristics need to lead to similar values 

- The influence of the secondary characteristics needs to be explainable (also for the 

stakeholders)  

 

3. Structuring the valuation model 

The starting point for the structure of the valuation model is the model which is used in the previous 

year. This model will be customized based on results of the continuous market analyses. In addition, 
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experiences of the previous valuation need to be considered, such as systematic mistakes which led to 

an appeal of the residents.  

4. Generating the values of the model  

Registered characteristics of the dwellings are the input for the computerized method to determine the 

values used in the model. The results of this model are the first prognosis of the WOZ value, and this 

data is used by municipalities to establish taxes. 

5. Assess the test standards 

The established taxes are reviewed with the chosen norms of step two. Thus, concrete conclusions are 

made based upon these norms. “Are the valuation results of the model representing market value?” and 

“Does the model show the differences for the dwellings and the market correctly?” are the main 

questions which should be answered in this part of the process. If the outcome is not correct, the 

previous steps (structure, generate and asses) need to be repeated. Possible outcomes are for example 

that the model needs improvement or a reassessment of the market analysis is needed. 

6. Manual adjustment of the values in the model for individual dwellings 

When the norms are not correct and measurements for improvement also do not lead to the desirable 

effect, manual interventions should be done. However, the reasons and the adjustments are to be 

recorded. 

3. Final Review 

A final review is necessary, before the WOZ values are determined and published for their stakeholders. 

This final review focuses on the different values of the dwellings and the developments of these values 

over the year. At first, test norms are needed to perform the final assessments, which are set. Then the 

final assessment takes place and conclusions are drawn. Thirdly, adjustments which were needed to 

improve the model are performed. Finally, the results of the final assessment are saved, which is 

necessary for documentation for stakeholders: the municipalities, accountant and other authorities (De 

Waarderingskamer, 2018b). 

As has been revealed, there are several risks for municipalities which should be cancelled out by using 

different test norms. One of the risks mentioned is subjectivity, since parameters or key figures are 

individually measured from the valuators perspective (in models A, B and C). The rule is that the 

influence of the secondary characteristics should be explainable (also for the stakeholders). In the next 

section, a component of the model which is used by the municipalities in West-Brabant to measure the 

secondary characteristics is analysed further. This example is used to show the subjective character of 

a part of the valuation method used by the municipalities in West-Brabant. 
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2.3.3  Valuation model in West-Brabant  
The Belastingsamenwerking West-Brabant is an organization which levies and collects taxes of eleven 

municipalities in West-Brabant. West-Brabant is a part of the province North-Brabant in the 

Netherlands. The Belastingsamenwerking West-Brabant used a five-point scale for measuring the effect 

of secondary dwelling characteristics (Location, Quality, Maintenance, Appearance, Efficiency, and 

Facilities) on the dwelling value. So, this represents a specific part of the valuation model. In the section 

below, a five-point scale of the model which is used in West-Brabant is analysed in order to show the 

process of the valuation of dwellings.  

Table 3 is used by the municipalities in West-Brabant to assess the location of dwellings. This is one of 

the components used to determine the total dwelling value. The other secondary dwelling characteristics 

are valuated in a similar way. Table 3 shows the different assessment levels for the location 

characteristic. The average standard value (Table 3, point 3) is the starting point of the model, and this 

value is corrected by the estimations of the valuator based on the quality of the dwelling. The correction 

factor is based on land value. For example, if the quality of the valuated dwelling is better than average, 

the standard value changes based on estimated correction factors. In this case, the estimated correction 

factor is +15% if the location quality is better than average and the value of ground is corrected by 0% 

if the location is of average circumstances in comparison with dwellings in the neighbourhood.  
Table 3 Location, five-point scale (Arentze and Stevens, 2018) 

Five-point scale. Location 

Correction factor Point The location of the dwelling. 

 -30% 1 
Bad. The location of the dwelling towards the conditions of the average dwelling are worse on 
district, neighbourhood and street level. Nuisance of smell or noise pollution is permanent or there 
is a lack of light which can enter the dwelling. 

 -15% 2 Moderate. The location is less valuable in comparison with the average circumstances in the district, 
neighbourhood, and street. 

 0 3 Average. The location is representative for the district and the neighbourhood. De width of the 
street, parking area, and the noise level of the traffic is on the same level as the district. 

 +15% 4 Better. The location is better on average on the street, neighbourhood, and district level due to the 
view over a green area or water as opposed to other dwellings in the same street. 

 +30% 5 Good. The location is very good due to a view over a wide body of water or a park. 

 

Remarkable is that the valuation of the location aspects is based on the valuators observations, which 

indicates the subjectivity of the model. This is one of the risks of the WOZ valuation method. In 

addition, the secondary characteristics should be explainable (also for the stakeholders). However, the 

location aspects of Table 3 are still not clear, because these scales can be interpreted in different ways.  

2.4  Real Estate Norm (REN) 
The REN (Real Estate Norm) method, is another valuation method that enables objective discussion of 

real estate quality. This method has been developed by Jones Lang Wootton, Zadelhoff Makelaars, and 
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bouwadviesbureau Starke Diekstra, and focuses on the office market (Bedrijfs onroerend goed, 1992). 

The REN method provides a tool for professionals to communicate with clients about the qualities of 

an accommodation. Clear and measurable definitions are introduced which minimizes the risk of 

miscommunication. This REN method was introduced in 1997 in response to the need for a new 

valuation model for gas stations and is still used (Vereniging Nederlandse Gemeenten, 2018). It is 

important to discuss this model, too. First, the REN method be described in general to have some 

background information of the method and the possible added value for the valuation of the dwelling 

market will be investigated. Second, the suggestion of Arentze and Stevens (2018) is described, who 

used the method to create measurable dwelling characteristics, which can be communicated with the 

residents more easily and thus reduce the amount of appeals.  

2.4.1  Gas stations  
The REN method was developed for the valuation of the land value of a gas station in 1997 (VNG, 

2018). The value of the gas station is the sum of the land value and the economic value of the 

building/tanks, where the lifespan is considered as well. The economic value of the building and tanks 

is determined based on the replacement value of all the different components (ground not included). 

Devaluation of every component is considered by using a linear model. The period of devaluation is 15 

years and decreases to a ‘land value’ with a maximum of 15% of the replacement value. Major 

meantime renovations of the components could be integrated in a calculation model to calculate the 

new residual value.  

As mentioned before, the value of the gas station is the economic value of the building plus the value 

of the location, since location is important for a gas station. Four different important environmental 

characteristics are split in the model to determine the land value. These characteristics are:  

 - Traffic intensity (car flows and driving direction)  

 - Infrastructure (accessibility)  

 - Competitors (agglomeration, direct, and total competitors)  

  - Facilities and services (car facilities and size of the shop)  

Every characteristic has a different weight within the total set of environmental characteristics. This 

weight depends on the type of station. Every characteristic is split up in different scales, and those scales 

are linked to a point system. The total amount of granted points by the REN method needs to be 

multiplied with a pre-calculated value per point. Altogether this represents the location value. Trade 

associations of petrol companies determine the key figures of the land value, object value, and the 

replacement value (VNG, 2018).  

For several reasons the REN method is interesting for the present study. This is because the value of a 

gas station is the sum of the land value and the economic value of the object, which is the same for 

dwellings, as many studies suggest and conclude. Second, the surroundings characteristic is not easily 
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measurable in the current models, and therefore the REN model would help define measurable 

characteristics, which may solve one of the pitfalls of the WOZ valuation method.  

2.4.2  Dwelling 
The REN method has been used in the preliminary study by Arentze and Stevens (2018) for six 

characteristics (location, employment opportunities, available city facilities, local facilities, presence 

park, neighbourhood type). The characteristic presence of a park is shown in Table 4. Five categories, 

which have a similar size in terms of the total amount of dwellings, are distinguished in the model. So, 

group one is as large as group two and so on; hence each dwelling can be allocated in an interval. For 

each category, the correction value can be estimated by the average of the variable multiplied by the 

coefficient of the regression model, which is measured with the Hedonic Pricing Method. Every scale 

has a different explanation. This method has improved the definition of the dwelling characteristic 

greatly.    

Table 4 REN method, Park Location, five-point scale (Arentze and Stevens, 2018) 

REN Method- Park 

Presence of park   Percentage surface park in the neighbourhood  

  1 0% park is presence in the neighbourhood 

  2 1,5% of the neighbourhood is park 

  3 4,5% of the neighbourhood is park 

  4 7,5% of the neighbourhood is park 

  5 15% of the neighbourhood is park 

 

In addition, the REN method may add value to the current WOZ valuation method since this tool gives 

the opportunity to acknowledge the differences of the dwelling value in an easy way, making it possible   

to easily understand the calculated value (Arentze and Stevens, 2018). Furthermore, the calculation will 

more objective which will be easier to understand for residents, which should lead to less appeals for 

the municipalities. Therefore, further study is recommended and necessary (Arentze and Stevens, 2018) 

to improve the measurement definitions for other dwelling characteristics, by linking the criteria directly 

to the dwelling value. This will be done in this study, as the present studies focuses on the environmental 

characteristic water. The effects of the presence of a body of water on the dwelling value will be 

incorporated in a proposed model based on the REN method. 

2.5  Conclusion  
Many different characteristics affect the dwelling value. The surroundings and the dwelling 

characteristics have the largest influence on dwelling value, according to both foreign and Dutch 

studies. Green and water are important surroundings characteristics and add value in different ways. 
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After analysing previous studies about the effect of the water characteristic on the dwelling value, a 

positive significant relationship is predicted between water types and the dwelling value.  

In this study, the characteristic water will be further analysed to find a significant correlation with the 

dwelling value. This could be done with one of the three following models: Hedonic Pricing Method, 

Contingent Valuation Model, and Interviews with experts. The Hedonic Pricing Method is the most 

suitable for this study because the costs are low, it is not labour-intensive, and the needed data is 

available. Furthermore, the level of certainty is high since actual dwelling transactions are used.  

Accordingly, the different used models and outcomes of this in previous studies suggest the complexity 

when measuring the dwelling value, which may be confirmed by the amount of appeals by residents 

against the estimated WOZ value. Therefore, a component of the WOZ valuation method is investigated 

to find out possibilities for improvement. Remarkably, though the risk of subjectivity is known, due to 

the valuators observations and standards, this model is used. This risk could be reduced by checking the 

ability to explain the differences between the location characteristics. 

However, room for improvement has been found by Arentze and Stevens (2018) after analysing the 

model used by the municipalities of West-Brabant. They suggest improvements by making the 

subjective characteristics measurable in an objective way. One option is the REN method, which is used 

for the valuation of gas stations. It is a tool which could be adapted for dwelling valuation. Arentze and 

Stevens (2018) tested this for a few characteristics and suggested further studies, which this study will 

do. It is noteworthy that 84% of the differences of the dwelling value can be explained by 27 

characteristics (appendix I).  

However, the tested characteristic water has shown no significant relationship with the dwelling value. 

Still, this might be the result of the investigation method since the amount of surface of water in the 

neighbourhood was investigated instead of the effect of a body of water type and the distance of it to a 

dwelling. This will be done in this study and measured with the results of the Hedonic Pricing Method. 

The results will be used for the adapted REN method. In this study, the REN method is adapted as 

method which improves the WOZ method. The research design will be discussed in the next chapter. 
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3. Methodology 
This chapter consists of a description of the methodology. It is divided into five different steps (Figure 

1). First, the data which was used by Arentze and Stevens (2018) is shortly described (3.1). This dataset 

includes 141 dwelling characteristics, which were reduced to 27 significant dwelling characteristics. 

These characteristics are the input for this study. Second, the dataset is confronted with a new variable: 

water. The variable water and the steps of the process to add this variable are described thoroughly. The 

variable and different decisions are substantiated in section 3.2. The Hedonic Pricing Method, 

conditions, limitations, and the elaboration of the analysis are described in section 3.3. The results of 

the analysis will be discussed in chapter 4.   

 

 Arentze and Stevens (2018)             

1. (3.1)   Municipal (19)   
CBS Facilities 

(87)   
CBS Neighborhood 

(29)   
FUNDA 

(6)   

   ↘   ↓   ↓   ↙   

   27 dwelling characteristics   

 

  
      ↓         

3. (3.2)   Add data of water types   

         ↓         
4. (3.3)    Hedonic Pricing Method   

         ↓         
5. (4.2)   Regression analyses   

         ↓         
6. (4.3)   Implementing the results of the final model into the REN method   

Figure 1 Research design  

 

3.1  Data  
Information of 26,301 dwellings located in nine municipalities in 

West-Brabant (Figure 2) was obtained for preliminary research 

(Arentze & Stevens, 2018). These municipalities are: Bergen op 

Zoom, Dongen, Etten-Leur, Halberge, Moerdijk, Oosterhout, 

Roosendaal, Woensdrecht, and Zundert. Four different data sources 

have been used to collect the 141 dwelling characteristics of these 

dwellings. Each data source is described below. After that, the 27 

dwelling characteristics which affect the dwelling value are shown.  

 

 

Figure 2 West-Brabant 
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3.1.1  Municipal data 
Municipal data is the most important in the dataset, because essential dwelling characteristics about the 

dwelling types are provided by the Belastingsamenwerking West-Brabant such as the transaction 

values. Nineteen other different dwelling characteristics are part of the dataset including secondary 

dwelling characteristics. One variable in this dataset is the dwelling type. However, there is a distinction 

of 28 different dwelling types which is too specific for the analysis. Therefore, these 28 different 

dwelling types are merged by Arentze and Stevens (2018), based on the characteristics of the dwelling 

in six different dwelling types. The six new variables are: apartment, corner house, terraced house, 

detached house (geschakelde woning), semi-detached (2-onder-1-kap) and stand alone.  

Selection 
This data has been analysed and different selections have been made by Arentze and Stevens (2018), 

which is necessary to perform a valid study. At first, the dataset provides information about dwellings 

which are used as main residences, but also dwellings for other purposes e.g. holidays. Those dwellings 

are valued with another valuation model and therefore, only dwellings which are used as main residence 

have been included. Secondary outliers need to be excluded, otherwise these dwellings may affect the 

results. Therefore, dwellings with a large ground surface have been excluded, as these dwellings could 

strongly affect the marginal value of the ground surface. Dwellings with more than 1.525 m2 ground 

surface were excluded (Arentze and Stevens, 2018). This was 4% of the total dataset. Third, some 

outliers in transaction price were found. Therefore, a simple method was used to determine these 

outliers: if the dwelling value diverges more than three times the standard deviation from the average, 

it is an outlier (UVA, 2016). Unfortunately, the dataset only includes transaction prices from 2012, 

2013, 2014, 2015, 2016, and 2017. So, the transaction data of 2018 was not included. The dwelling 

transactions of the last three years are used in this study (2015, 2016, 2017). This was done to overcome 

large fluctuations between dwelling values. Fifth, the transaction prices have been analysed and if there 

is an outlier which deviates with more than 50% of the valuated dwelling value by real estate agents, 

the dwelling has been excluded from the analysis. This is done to overcome the extraordinary transfers 

which affect the results. An overview of the main conditions is shown in Table 5. 

Table 5 Selecting dwellings in the municipal data (Arentze and Stevens, 2018.) 

  Selection 
1 The dwelling is used as main residence 
2 Size of ground surface is not an outlier: < 1,525 m2 
3 A recent transaction data (2015, 2016 or 2017) 
4 Transaction price is usable: does not deviate more than 50% of the validated value. 
5 Transaction price is not an outlier: The natural logarithm of the transaction price lies in the interval of 3x the 

standard deviation and + 3x the standard deviation of the average 
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Selected dwellings 
After the selection of dwellings, the data has reduced to 14,383 cases. An overview of the selected 

dwellings which are distributed over each municipality, is shown in Table 6. 

Table 6 Total amount of selected dwellings per municipality (Arentze and Stevens, 2018) 

Location Dwellings % Location Dwellings % 
Bergen op Zoom 2,580 17.9 Oosterhout 2,208 15.4 
Dongen 972 6.8 Roosendaal 3,024 21.0 
Etten-Leur 1,550 10.8 Woensdrecht 937 6.5 
Halberge 980 6.8 Zundert 730 5.1 
Moerdijk 1,402 9.7 Total  14,383 100.0 

 
 
The dwellings are located in the different municipalities and not in the larger cities in West-Brabant 

which can be seen in Table 7 where the density of the environment of the investigated dwellings is 

shown.  

Table 7 Density of the area 

Density 
  Addresses per km² Frequency Percent Valid Percent Cumulative Percent 

1 >2500  1253 8.7 8.7 8.7 
2 1500-2500 4276 29.7 297 38.4 
3 1000-1500  4144 28.8 28.8 67.3 
4 500-1000  2839 19.7 19.7 87 
5 <500  1871 13 13 100 

Total   14,383 100 100   
 

 
Dependent variable dwelling value 
The dwelling value is the dependent variable which is used in two ways. First, the dwelling value is not 

altered. This is used to easily explain to residents the estimated values of the regression coefficient, 

because these coefficients indicate e.g. the increase of the transaction price when the surface increases 

with one m2. However, many studies also utilise the logarithm of the price. When a logarithm is used, 

the increase in price is shown as a percentage instead of a rise in euros. These transformed transaction 

prices could result into a better fit of the model (Arentze and Stevens, 2018), because the outcome 

corresponds better with the normal distribution which increased the resilience. In other words, data can 

be affected by outliers but when the logarithm of the price is used, the outliers will be indicated and 

neutralized. Therefore, the transaction price was analysed in both ways to find the best fit. In the end, 

the transaction prices without the logarithm resulted into a better fit (84% against 81.3%), which meant 

that the dwelling value variance can be explained by 84% if no logarithm is used. Both will be analysed 

in this study. An overview of the statistics of the transaction price and the log transaction price is shown 

in Table 8. 
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Table 8 Descriptive statistics of the dependent variable 

Dependent variable transaction price 
  Variable  Min.  Max.  Mean  Std. Dev.  

1.  100* natural logarithm of 
transaction price € 411 € 671 € 537.70 €39.9  

2.  Transaction price  € 61,000 € 82,000 € 235,249 €104.992 
 

3.1.2  CBS  
CBS (Centraal Bureau voor de Statistiek) provides data to the government and residents in the 

Netherlands (CBS, 2019). The municipal data was supplemented by data of the CBS regarding location 

and the neighbourhood characteristics (Arentze and Stevens, 2018). 

According to their analysis, relevant location and neighbourhood characteristics are: 

- Accessibility of facilities; 

- Distance to transport modes; 

- Composition and quality of life in the neighbourhood; 

- Employment opportunities. 

It is worth mentioning that the characteristic water was included and measured by analysing the surface 

of inland water in the neighbourhood. This location characteristic contributes to the quality of life in 

the neighbourhood (Arentze and Stevens, 2018).  Still, no water types have been investigated and also 

the distance between the dwelling and the water type has not been taken into account.  

3.1.3  Funda 
Funda is a real estate platform in the Netherlands for real estate agents, consumers and entrepreneurs 

(Funda, 2019). The website receives data from real estate agents which is used to present all known 

dwellings that are available for either sale or rent. Many dwelling characteristics are shown by pictures 

and a description of the dwelling, which is mostly created by the real estate agent. Six different dwelling 

characteristics from Funda have been added to the dataset. The characteristics are the surface of the 

dwelling, the cadastral surface, number of floors, number of rooms, number of bathrooms, and number 

of bedrooms (Arentze and Stevens, 2018). 

3.1.4  Descriptive statistics of the 27 dwelling characteristics 
Descriptive statistics of the relevant dwelling characteristics are shown in Table 9. It is noteworthy that 

84% of the dwelling value can be explained by these 27 characteristics (appendix I) (Arentze and 

Stevens, 2018).  
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Table 9 Descriptive statistics dwelling characteristics 

Descriptive statistics 

  N Minimum Maximum Mean Std. Dev 

Ground surface m² 14383 0 1524 264.23 248.971 
Volume 14383 31 2199 381.71 138.997 
Bay window surface m² 14383 0 168 4.63 11.38 
Dormer surface m² 14383 0 44 1.03 2.20 
Balcony surface m² 14383 0 125 1.22 5.55 
Basement surface m² 14383 0 178 .58 5.64 
Garage surface m² 14383 0 165 9.86 15.33 
Location 14383 -2.00 2.00 -.04 .37 
Quality 14383 -2.00 2.00 .01 .49 
Maintenance 14383 -2.00 2.00 .09 .66 
Look 14383 -2.00 2.00 .02 .33 
Efficiency: usefulness of dwelling  14383 -2.00 2.00 -.04 .27 
Facilities: presence of facilities 14383 -2.00 2.00 .01 .76 
Standalone house 14383 .00 1.00 .19 .39 
Semi-detached 14383 .00 1.00 .19 .39 
Detached house 14383 .00 1.00 .03 .18 
Corner house  14383 .00 1.00 .15 .36 
Construction year is >1930 14383 .00 1.00 .01 .08 
Construction year is 70-79 14383 .00 1.00 .21 .41 
Construction year is 80-89 14383 .00 1.00 .13 .34 
Construction year is 90-99 14383 .00 1.00 .16 .37 
Construction year is 00-09 14383 .00 1.00 .11 .31 
Year of transaction (2016) 14383 .00 1.00 .44 .50 
Year of transaction (2017) 14383 .00 1.00 .29 .45 
Number of floors 6348 0 18 2.44 1.24 
Number of rooms 7113 1 45 4.61 1.35 
Is located in Bergen op Zoom 14383 .00 1.00 .18 .38 
Is located in Dongen 14383 .00 1.00 .07 .25 
Is located in Oosterhout 14383 .00 1.00 .15 .36 
Is located in Etten-Leur 14383 .00 1.00 .11 .31 
Distance warehouse 14383 -2.57 1.77 .03 .99 
Urban type is 5 (low density) 14383 .00 1.00 .13 .34 
Distance local facilities 14263 -.96 5.35 -.09 .87 
Amount of Job opportunities 14266 -1.87 2.30 .00 1.00 
Neighbourhood type 1 (family homes, owner-
occupied homes with children) 
 

14383 -3.87 2.69 -.03 1.00 

Neighbourhood type 2 (rental properties, child-
rich, non-western foreigners) 14383 -3.53 3.56 .05 .97 

Neighbourhood type 4 (young families, 
western foreigners) 
 

14383 -5.98 6.16 -.02 .97 

Surface park  14313 .00 38.24 4.88 6.49 
Surface wood or open natural space (ha) 14313 .00 82.84 2.03 6.40 
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3.2  Variable: Bodies of Water types 
The previous step is performed by Arentze and Stevens (2018). The next steps are performed in this 

research.  

The surroundings characteristic of bodies of water types needs to be introduced to the dataset which can 

be done in several ways. This section describes which data is used and which decisions are made in this 

study. First, the possibilities to analyse the water data are discussed, based on previous studies on the 

effects of water. Secondly, the available data is described. Third, the program which is used to analyse 

the data is described. Fourth, the obtained data is analysed and the limitations are discussed. Fifth, the 

measurements of water are discussed. Sixth, the strategies for the Hedonic Pricing Method are 

discussed. At last, the data is transformed into usable data for the regression analysis. 

3.2.1  Data 
The measurement methods to measure the effects of the presence of a body of water on the dwelling 

value are shortly discussed below.  

Previous studies 
Different methods have been used by, among others, Visser and Van Dam (2006), Brouwer et al. (2007), 

Bervaes and Vreke (2004), Luttik (2000), and Kooijman (2017). Questionnaires, observations and GIS 

(Geographic information system) have been used to indicate the distance to bodies of water (types). The 

data was mostly obtained by observations or GIS, if the Hedonic Pricing Method was used. Data 

obtained from observations is very reliable, especially if the specific location of water needed to be 

analysed (front- backyard). Conversely, this method is a time-consuming activity, especially for a large 

dataset.  Also, the distance to the water is hard to determine when water is located over a longer distance. 

GIS is a tool which made this easier, especially for large datasets. Questionnaires supply less reliable 

and usable data, because residents will have different interpretations when for example a dwelling is 

located adjacent to water (Brouwers et al., 2007). In addition, a disadvantage of the difficulty of 

measuring the distances to the body of water over a longer distance is applicable in this case. In 

conclusion, there are many disadvantages for the different research methods, such as very time 

consuming and less reliable data. GIS is a common tool which is used to measure the distance between 

a dwelling and water. Therefore, the opportunities with GIS will be further analysed. 
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Available data 

Data is needed as input for GIS, and therefore relevant 

parameters including more detailed water types need to be 

available to find different effects between those types. 

Therefore, different sources are analysed. During this 

study, relevant information is found on the website of 

PDOK (Publieke Dienstverlening Op de Kaart) for 

additional data on water in the Netherlands. PDOK works 

together with the government and provides reliable 

geographic data of Dutch authorities (PDOK, 2019). 

Basisregistratie Grootschalige Topografie (BGT) is obtained 

from PDOK and is a basic digital map of the Netherlands which includes every waterway in the 

Netherlands. The waterways are shown in Figure 3.  In addition, the different bodies of water are 

distinguished on different levels according to the 9 municipalities on which is focused in this study. The 

bodies of water are divided into four global types (gully / dry ditch, transition, water course, and water 

area). Water course and water area are subdivided into nine more detailed bodies of water types. An 

overview of these water types is shown in Table 10. These water types are justified by the Ministry of 

Infrastructure and Environment. Noteworthy are the unknown water types, which must be considered 

within the analysis.  

 
Table 10 Water types and their definitions (PDOK, 2018, Ministerie van infrastructuur en Milieu, 2019). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable Water type Definition 

1. Gully / dry ditch A channel with or without water which was dug to control the water. 

2. Transition 
A transition between a waterloop and a water area. 

3 Water course 
A water course with permanent water which was dug to control water (e.g. river, 
canal 1, brook, ditch, canal 2). 

 Ditch 
General name of a water course with a limited width which contain stagnant- or just 
slowly running water. 

 River 
Water from the atmosphere which falls on sloped ground, which comes together in a 
water course and streams downwards. 

 Canal 1 (Gracht) Canal 1 is a dug gully with water, it is mainly abounded in old cities. 

 Canal 2 (Kanaal) A large dug water course which serves the shipping industry and water transport. 

 Brook 
A natural mall water course without tide. 

 Water course unknown The water course type is unknown. 

4. Water area 
An area which is permanently filled with fresh water (e.g. lake, pool, pond). 

 Lake- pool- pond A mass of stagnant water on the land surface. 

 Harbor 
A berth which was dug or arise natural located next to the sea or next to a bank of a 
river / inland water. This berth protects the ships from wind and waves. 

 Water area unknown Type of water area unknown. 

Figure 3 Water ways in West-Brabant (PDOK, 2019) 
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3.2.2  GIS  
GIS (Geographic information system) is a technology which makes it possible to generate, visualize, 

edit, and analyse spatially distributed information. The visualization is shown in a map to check the 

outcomes (Esri, 2018). After the map of PDOK is found, the addresses need to be filled in combined 

with the water map for further analysis. The addresses of the dwellings and the location of water are 

relevant in this case. On the map the addresses are indicated with points (Figure 4) and the water with 

the surface (Figure 5). In this case, because of privacy reasons, the complete maps are not shown. GIS 

is used to create a radius around an address (Figure 6) and select the water types within the radius. The 

distances of the radius are set by the researcher.  

              

 

Figure 4 Addresses (OpenStreetMap, 2019) 

 

A study is performed to find suitable distances of the radiuses before this is programmed. Brouwer et 

al. (2007) investigated the effects of water on the dwelling value with the Contingent Valuation Model. 

Effects of water on the dwelling value were found for the distance within 5m, 10m, 25m, 50m, and 

100m. However, no significant relationships were found between the dwelling value and the distance 

of water over 50m (Visser & van Dam, 2006). In this study, ranges are made between the distances: 0-

5m, 5-10m, 10-25m, 25-50m, 50-100m, 100-200m, 200-500m, 500-1000 meters to find significant 

relationships. The distance to the nearest water type is investigated. The distance, the numbers of 

dwellings, and the percentage of the total amount of investigated dwellings are shown in Table 11. 

  

Figure 5 Waterways with surface (PDOK, 2019) Figure 6 Radius (buffer) around an 
address  
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Table 11 Number of dwellings and distance to the nearest water type 

      Distance (m) 
Global Detailed Water types 0-5 5-10  10-25 25-50   50-100 100-200 200-500 500-1000 

1 1 Gully dry ditch 0 (0%) 11 (0%) 151 (1%) 337 (2%) 758 (5%) 1978 (13%) 5714 (39%) 4150 (28%) 
2 2 Transition 2 (0%) 8 (0%) 101 (1%) 147 (1%) 297 (2%) 386 (3%) 936 (6%) 1710 (12%) 
3   Water course 6 (0%) 55 (0%) 750 (5%) 1462 (10%) 2611 (18%) 5505 (37%) 8123 (55%) 7123 (48%) 

  3.1 Ditch 3 (0%) 25 (0%) 346 (2%) 710 (5%) 1528 (10%) 2802 (19%) 5571 (38%) 1934 (13%) 

  3.2 River 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

  3.2 Canal 1 (Gracht) 0 (0%) 0 (0%) 0 (0%) 1 (0%) 1 (0%) 23 (0%) 215 (1%) 831 (6%) 

  3.4 Canal 2 (Kanaal) 0 (0%) 0 (0%) 0 (0%) 17 (0%) 19 (0%) 61 (0%) 536 (4%) 1581 (11%) 

  3.5 Brook 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

  3.6 Water course 
unknown 3 (0%) 30 (0%) 421 (3%) 848 (6%) 1363 (9%) 2185 (15%) 2601 (18%) 2777 (19%) 

4   Water area 7 (0%) 19 (0%) 144 (1%) 386 (3%) 992 (7%) 2804 (19%) 7597 (51%) 4889 (33%) 

  4.1 Lake-pool-pond 7 (0%) 19 (0%) 126 (1%) 328 (2%) 777 (5%) 2068 (14%) 5376 (36%) 2309 (16%) 

  4.2 Harbor 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 145 (1%) 562 (4%) 

  4.3 Water area 
unknown 0 (0%) 0 (0%) 18 (0%) 71 (0%) 234 (2%) 704 (5%) 2076 (14%) 2018 (14%) 

 

Furthermore, another way of analysing the effects of water is done with GIS. This includes looking at 

the percentage of water in relation to the total surface of the radius in order to find if the amount of 

water in the area has a relationship with the transaction price. After the analysis with GIS, an overview 

is made to show the average percentage of the water type in relation to the total surface of the radius 

(Table 12). For example, when a gully / dry ditch is located in a radius of <10 meters from a dwelling, 

on average 1.05% of the total surface is a gully / dry ditch. The total surface of a radius of 10 meters is, 

10² × 𝜋𝜋 = 314 m². So, the total surface of a gully / dry ditch is on average 0.0105 × 314 = 3.3 m² within 

a radius of 10 meters of a dwelling. 

Table 12 Average surface of water as percentage of the total surface of the radius 

      Average percentage of water type in the radius (m) 
Global Detailed Water types <5 <10 <25 <50 <100 <200 <500 <1000 

1 1 Gully / dry ditch 0.00% 1.05% 2.73% 1.64% 0.78% 0.40% 0.14% 0.21% 

2 2 Transition 0.85% 10.85% 6.35% 5.31% 3.56% 2.34% 0.15% 0.15% 

3   Watercourse 0.00% 0.02% 0,23% 0.62% 1.06% 1.44% 1.78% 4.13% 
  3.1 Ditch 0.78% 5.44% 4.29% 3.78% 2.33% 1.36% 0.63% 0.84% 

  3.2 Canal 1 (Gracht) 0.00% 0.00% 0.00% 1.76% 2.98% 0.55% 0.00% 0.01% 

  3.3 Canal 2 (Kanaal) 0.00% 0.00% 0.00% 4.55% 7.92% 4.41% 0.07% 0.10% 

  3.4 Watercourse 
unknown 

0.48% 3.93% 3.63% 3.68% 3.33% 2.65% 1.08% 1.27% 

4   Water area 0.01% 0.03% 0.11% 0.30% 0.57% 0.88% 1.77% 1.99% 
  4.1 Lake-pool-pond 26.32% 15.61% 10.48% 8.12% 5.84% 3.46% 1.27% 1.85% 
  4.2 Harbor 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.03% 
  4.3 Water area unknown 0.00% 0.00% 0.91% 4.77% 2.67% 1.20% 0.09% 0.12% 

 

Limitations and taken measures  

The data which is obtained from GIS has some limitations which should be discussed. Measures were 

taken to reduce the impact of the limitations. First, a large part of the water characteristics seems to be 

unknown and not well defined: water course unknown and water area unknown. This probably 
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influences the outcome of the analysis due to the unknown water types which are included in this 

category. In other words, when including these unknown water types in the analysis, it may lead to bias 

in the results, as it is unclear which water type has which effect on the dwelling value. It may result in 

distorted outcomes due to the uncertainty of knowing which types are measured and their effects. 

Therefore, it should be investigated what effect this limitation has on the outcome, in order to choose 

between the use of global or detailed water types for the analysis.  

Second, two detailed water types are not located within a radius of 1,000 meter of all dwellings. These 

two water types are river and brook. This can be explained by taking into account the research area and 

the investigated ranges. Therefore, these water types are excluded from further analysis. Furthermore, 

a few dwellings are located within a radius of five meters and ten meters of water, so there is limited 

data (<50) available of dwellings located nearby water within those radiuses. This is not valid. 

Therefore, categories are combined to increase the amount of transaction prices in a range which will 

lead to a higher validity. An overview of the new categories and the amount of dwelling per distance is 

shown in Table 13.  

Table 13 New distance categories with the number of dwellings (number and percentage) 

   Distance (meter) 
Global Detailed Water types 0-10  10-25 25-50   50-100 100-200 200-500 500-1000 

1 1 Gully dry ditch 162 (1%) 337  (2%) 758 (5%) 1978 (13%) 5714 (39%) 4150 (28%) 

2 2 Transition 111 (1%) 147  (1%) 297 (2%) 386 (3%) 936 (6%) 1710 (12%) 

3   Water course 61 0% 750 (5%) 146 (10%) 2611 (18%) 5505 (37%) 8123 (55%) 7123 (48%) 

  3.1 Ditch 374 (3%) 710  (5%) 1528 (10%) 2802 (19%) 5571 (38%) 1934 (13%) 

  3.2 Canal 1 (Gracht) 240 (2%) 831 (6%) 

  3.3 Canal 2 (Kanaal) 97 (1%) 536 (4%) 1581 (11%) 

  3.4 Water course 
unknown 474 (3%) 848 (6%) 1363 (9%) 2185 (15%) 2601 (18%) 2777 (19%) 

4   Water area 170 (1%) 386 (3%) 992 (7%) 2804 (19%) 7597 (51%) 4889 (33%) 

  4.1 Lake-pool-pond 152 (1%) 328 (2%) 777 (5%) 2068 (14%)) 5376 (36%) 2309 (16%) 

  4.2 Harbor 145 (1%) 562 (4%) 

  4.3 Water area unknown 89 (1%) 234 (2%) 704 (5%) 2076 (14%) 2018 (14%) 

 

After these combinations, a total of 25 dummy variables for the global water types and 42 dummy 

variables for the detailed water types can be added separately to the significant dwelling characteristics 

in combination with the transaction and the log transaction price.  

In addition, using the chosen maps in GIS also has some limitations. A disadvantage of using the 

founded maps in GIS to be considered would be that the specific location cannot be determined, which 

increases the chance of insignificant relationships. In other words, it is not possible with the chosen 

maps which are used in GIS to find out if the view from the dwelling is on water or not, and if water is 

located in the front- or backyard. Previous studies showed different effects on the dwelling value 

between these specific locations. Next to that, with GIS a point is created on each address in the middle 

of the dwelling. This could affect the outcomes, because for example: a ditch is located adjacent to the 
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backyard. However, one backyard may have a length of 3 meter and the other one of 20 meters. This 

results into different variables: within 5 meters of a ditch, and between 10-25 meters of a ditch. This 

could affect the significance level. So, the data which is obtained with the used maps in GIS will 

probably affect the significance level of these variables. Therefore, different ranges are analysed to find 

and check the significant outcomes. In the next section it is discussed how the data is investigated. 

 

3.3 Hedonic Pricing Method  
Previously, the Hedonic Pricing Method was compared with other research methods to find out which 

method need to be used in this research. In this section, further details are given of the chosen method. 

First some background information is shown about the Hedonic Pricing Method. In addition, the model 

and the conditions are discussed. To conclude, the results and the interpretations of those results are 

discussed. This section is relevant for chapter four where the analysis is performed.  

 

3.3.1  Background 
The Hedonic Pricing Method links the price of the product with the characteristics of the product 

(Ramirez & Thalmann, 2008). With this method, the value of a dwelling can be estimated indirectly, 

which has been shown before. The central idea of the method is to determine how much residents are 

willing to pay more for different dwelling characteristics (Dieleman, 2017). Originally, the Hedonic 

Pricing Method was used in the marketing of various products which had nothing to do with real estate. 

In the 70s, the Hedonic Pricing Method was used to determine the dwelling value for the first time. One 

of the main principles of the method is that the dwelling value can be split into different dwelling 

characteristics, which all together represent the total dwelling value. Hence, the dwelling value 

represents the appreciation of different dwellings and environmental characteristics (Rosen, 1974). 

These environmental characteristics have been included as dwelling characteristics since the 70s. After 

that, the effects of the environment on the dwelling value were measured for the first time. However, 

different problems occurred when the environmental characteristics were added into the method e.g. 

spatial autocorrelation, spatial heterogeneity of the data and multicollinearity (Visser & Van Dam, 

2006). The measures which have been taken to reduce the chance that those problems will occur in this 

study are discussed in section 3.4. In addition, the conditions for the use of the Hedonic Pricing Method 

will be analysed.  

The characteristics which will probably affect the dwelling value need to be integrated into the Hedonic 

Pricing Method. As Tyrväinen (1997) put it:  

‘It is necessary to choose environmental variables in the Hedonic Pricing Method so that they 

correspond to the ways people perceive the environment’ (p. 212). 
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In other words, if environmental characteristics are not included in the Hedonic Pricing Method, the 

preferences of the residents are not shown correctly, because the characteristics which are included in 

the Hedonic Pricing Method will be under- or overestimated. In addition, the part of the dwelling price 

which represents by the environmental characteristic is not explained. So, when the environmental 

dwelling characteristics were added, the explained variance increased. One of the reasons why the 

environment is investigated less when determining a dwelling value compared to the dwelling 

characteristics is because of the difficulties of measuring and processing the data. Since GIS has been 

introduced, the dwelling and environmental characteristics can be analysed more easily (Visser & Van 

Dam, 2006). 

 

3.3.2  Multiple Regression Analysis 
The Hedonic Pricing Method is a multiple regression analysis. The linearity can be estimated between 

different independent variables (X) and a dependent variable (Y). As mentioned, two analyses will be 

done. One with the transaction price and one with the log transaction price as dependent variable. The 

equation of the multiple regression model with j independent variables is:  

Y = A + b1*X1 + b2*X2 + … + bi*Xi + e 

A is the intersection with the y axis. In other words, the value of Y when the values of the independent 

variables Xi are equal to zero. Every independent variable Xi has a partial regression coefficient bi 

which shows the influences of the independent variables Xi on the dependent variable Y. This is checked 

by the influence on the other variables. The e represents the differences of the actual value of Y and the 

predicted value of Y. The e is also called the residue, which represents the missing variables and the 

unexplainable part of the analysis.  

3.3.3  Validity of regression analysis 
The model has two presuppositions, namely that the dwelling market is an equilibrium (Palmquist, 

1980), and the market is transparent. An equilibrium means that supply and demand are in balance. In 

fact, not every household can find the desirable dwelling in the desirable location and the desirable time 

in the dwelling market. However, the assumption is that the dwelling value is in an equilibrium is mostly 

made in the studies to the real estate value if specific geographical area and time periods are defined 

(Maclennan, 1977). For this reason, the data needs to be from a defined time period and the dwelling 

markets need to be similar or a clear distinction must be made. Furthermore, the dwelling market is not 

transparent, because the purchaser and the vendor do not have the same information. In general, the 

Hedonic Pricing Method is the most suitable and accepted method for estimating the dwelling value in 

this case (Visser & Van Dam, 2006). A large database with dwelling transactions, with the dwelling 

values in a defined time period is another reason for the use of the Hedonic Pricing Method (Palmquist, 

1980). 
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Some conditions are set for the use of the regression analyses (Visser & Van Dam, 2006): 

- Every independent variable which has a relationship with dependent variable needs to 

be integrated in the model 

- Independent variables are not related (multicollinearity) 

- Residuals need to be normally distributed 

- The residuals need to be independent (no autocorrelations) 

The results need to be checked on those conditions afterwards. This is performed in chapter 4.1. More 

information is given about how the results of the analysis must be interpreted, in the next section. 

3.3.4  Interpretation of the results 
It is necessary to know how the results need to be interpreted before the analysis is done. Therefore, 

more background information is given on how the results need to be interpreted. First, the B value shows 

how many units the dependent variable Y increases or decreases when the independent variable Xi 

increases with one unit. However, the relative importance cannot be measured, because bi is dependent 

on the measuring unit of the dependent variable. In other words, if the dependent variables are measured 

in the same unit, it is possible to determine the relative importance. However, this is not the case.  

Therefore, the independent variables are standardized.  

 

Customarily, the t-value needs to be presented. The t-value shows the significance of the Beta value 

and it is calculated by dividing the regression coefficient by the standard error of the regression 

coefficient. If the t-value is lower than approximately three, the Beta value is not significant (Visser & 

Van Dam, 2006). In other words, the independent variable is coincidentally contributed to the value of 

the dependent variable. However, the t-value is sensitive for the amount of cases. For example, there 

are not many dwellings in the data set with the building year before 1930 which result automatically in 

a low t-value.  

 

Duplicating the regression coefficient B with the quotient of the standard deviation of the independent 

variable and the standard deviation of Y, results in a standardized regression coefficient. So, the relative 

importance of the independent variables can be measured and shown which is the advantage. However, 

the standardized values are dimensionless and difficult to understand (Visser & Van Dam, 2006). Still, 

a higher Beta means a large explanation of the dependent variable by the independent variables. So, the 

Beta shows the effect of the independent variable on the dwelling value. 

 

The adjusted R2 is very important in this study to find out how much the independent variables explain 

the independent variable (transaction price). The adjusted R2 shows the explained variance of the 

independent variable. Finally, the VIF (Variance inflation factor) and the collinearity tolerance must be 

checked for multicollinearity issues. The collinearity tolerance is 1 divided by the VIF. The VIF is 
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important to find multicollinearity, because if the VIF is higher than 3 the variable has probably 

multicollinearity issues. If the VIF is higher than 5, multicollinearity is very likely. The variable has 

multicollinearity issues when the VIF is higher than 10.  

 

3.4  Conclusion 
Information of 14,383 dwellings located in nine municipalities in West-Brabant will be used in this 

study. These dwellings are located in the municipalities Bergen op Zoom, Dongen, Etten-Leur, 

Halberge, Moerdijk, Oosterhout, Roosendaal, Woensdrecht, and Zundert. The municipalities, CBS, and 

Funda made 141 dwelling characteristics available, which are reduced by Arentze and Stevens (2018) 

to 27 dwelling characteristics that have a significant effect on the dwelling value. 

However, the necessary data of the water types was not included in the dataset. Therefore, in this 

research data of PDOK was used to add water. Eventually, four different general types of water were 

selected to use for the analysis (gully / dry ditch, transition, water course, water area). Two water types 

(water course, water area) were subdivided in seven more detailed water types (ditch, canal 1, canal 2, 

water course unknown, lake / pool / pond, harbor, and water area unknown). GIS was used to analyse 

the distances between the dwellings and the water types. Furthermore, the percentage of the water type 

in comparison with the total surface within different radiuses were determined with GIS. 

In the next chapter, the Hedonic Pricing Method will be used to investigate the added value of the water 

types on the dwelling. Furthermore, how results must be interpreted is discussed. 
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4. Results   
Previously, the strategies and different conditions for the analysis were set. This chapter describes the 

results of the regression analysis and how the effect of water types on the dwelling value can be 

implemented into the REN method. These are the last two steps of the analysis. In the next section, the 

conditions of a Hedonic Pricing Method are checked to find out if the results are valid (4.1). After that, 

the analyses with the different strategies are performed to find the best way for measuring the effects of 

water (4.2). Then, the final model is determined based on the previous outcomes and the results of the 

final model are discussed. A conclusion is made based on those results. Furthermore, the proposed 

model which needs to be implemented in the REN method is discussed (4.3).  

4.1  Validity 
A few conditions need to be met to conduct a valid Hedonic Pricing Method. These conditions have 

been discussed previously (3.4.3). This section describes how the validity is monitored.  

First, every independent variable which has a relationship with the dependent variable is integrated 

within the model. Therefore, the dwelling characteristics in the study of Arentze and Stevens (2018) 

and every significant water characteristic were included in the model. This increased the adjusted R2 

with a maximum of 0.02. This will be further discussed in the next section where the adjusted R2 is 

discussed for each analysis. 

In addition, independent variables may not relate strongly to other independent variables 

(multicollinearity). This is checked by the collinearity tolerance (1 divided by the Variance Inflation 

Factor (VIF)) and the VIF. The VIF is important to find multicollinearity, because the variables will 

probably have multicollinearity issues if the VIF is bigger than 3. The VIF is shown in section 4.3, 

where the results are discussed. Overall the VIF is between 1 and 2 for the water types, which means 

that they do not have multicollinearity issues. It is worth mentioning that two dwelling characteristics 

(Oosterhout and availability of employment) have a VIF between 5 and 6 which means that 

multicollinearity is very likely. Therefore, the Pearson correlation test was done to find out if those 

variables can still be included. The results of the Pearson correlation test are added into appendix II. 

Almost all dwelling characteristics have a Pearson correlation between 0.00 and 0.30 which means no 

or limited correlation. The remaining dwelling characteristics have a moderate positive (negative) linear 

relationship (0.30 – 0.70), including Oosterhout and the availability of employment, which is accepted. 

A Pearson correlation which is higher than 0.7 indicate multicollinearity and one variable should be 

excluded. However, this is not the case.  

Third, residuals need to be normally distributed, considering an average of zero and a constant variance. 

The residuals are normally distributed which can be seen in the histogram. In addition, the average is 

zero and there is a constant variance (homoscedasticity). This is checked and an overview is shown in 

appendix III. In conclusion, this condition is met. 
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Lastly, residuals need to be independent which can be checked with the Durbin-Watson Test. Therefore, 

this test is done and added in appendix III. The model shows a value of 1.508 which is acceptable. A 

value needs to be between 0 and 4, and 2 means a perfect average with no autocorrelation. When the 

value is below 1 or higher than 3, further research is necessary to find the cause. This is not necessary 

in this case, since the value is 1.508.  In the next section, the analyses and the results are discussed.  

4.2  Strategies for the final model  
The 27 dwelling characteristics which have a significant effect on the dwelling value are used in every 

analysis (Arentze and Stevens, 2018). The analyses focus on three different outcomes to find the best 

way to show the effects of water on the dwelling value. For the Hedonic Pricing Method, the water 

characteristics are added with the Enter method to determine which analysis explains the differences 

between the dwelling values better. The Enter method means that every dwelling characteristic and the 

water variables are added by hand. When a characteristic is not significant, it will be excluded till only 

significant dwelling characteristics are in the Hedonic Pricing Method. In every analysis, both 

dependent variables are included (transaction price, log transaction price). Also, in every analysis, the 

global water types or the detailed water types are included. Moreover, in every analysis the radius, range 

and the amount of total surface of water are investigated. The outcomes of these analyses will be 

described in the next sections. Based on the best fitted outcomes, the final model is determined and will 

be discussed in section 4.3. 

4.2.1  Dependent variable (transaction price vs log transaction price)  
Two different dependent variables are investigated to find which explains the differences between 

dwelling values in the best way. Therefore, the effect of bodies of water will be investigated in two 

ways: 

- The effect of water on the dwelling value expressed in euros (actual transaction price) 

- The effect of water on the dwelling value expressed in a percentage (log transaction 

price) 

The transaction price is used to find the effect of bodies of water on the dwelling value in euros. The 

log transaction price is used to find the effect of bodies of water on the dwelling value in a percentage. 

Usually, the log transaction price is used to indicate the effects of a dwelling characteristic on the 

dwelling value. However, Arentze and Stevens (2018) show in their research that the transaction price 

explains the differences between the dwelling values better. Therefore, both are taken into account. 

Looking at Table 14 below, the transaction price has in every analysis a higher adjusted R² than the log 

transaction price. So, the transaction price gives better insight than the log transaction price does. This 

leads to the same conclusion drawn by Arentze and Stevens (2018). 
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Table 14 Adjusted R² and the amount of significant results of the executed analyses. 

 Analysis        Adjusted 
R² 

 Significant 
variables  Amount water variables 

1  Distance  Global  Transaction price   0.842 11 25 

2  (ranges)    Log transaction price   0.816 11 25 

3    Detailed  Transaction price   0.842 16 42 

4      Log transaction price   0.817 18 42 

5 Distance  Global  Transaction price  0.841 4 4 

6  (radius)    Log transaction price  0.813 3 4 

7    Detailed  Transaction price   0.841 7 9 

8      Log transaction price  0.815 9 9 

9  Surface  Global  Transaction price   0.841 2 4 

10  (radius)    Log transaction price   0.814 3 4 

11    Detailed  Transaction price   0.841 6 9 

12      Log transaction price   0.814 7 9  

 

4.2.2  Global water types versus more detailed water types 
Subsequently, the water types are split up in the global water types and more detailed water types to 

find out which variables are better to uses in the REN model based on the significant outcomes. The 

water types are: 

- Global water types (Gully / dry ditch, Transition, Water course, Water area) 

- Detailed water types (Gully / dry ditch, Transition, Ditch, Canal 1 (Gracht), Canal 2 

(Kanaal), Water course unknown, Lake / pool / pond, and Water area unknown) 

For each analysis, the global water types or the specific water types are added separately. However, the 

global water types show more significant effects than the detailed water types in relation to the number 

of added variables (Table 14). This is caused by the number of dwellings which are included in the 

analyses, and the variables water course unknown and water area unknown, as these are not specifically 

determined and may therefore create uncertain results. In conclusion, the global water types provide 

more insight into the effects of water on the dwelling value and will be included in the final model. 

4.2.3  Distance versus surface 
Lastly, the effect of water on the dwelling value is analysed in three ways: 

- Presence of the nearest water in a radius between 0-10m, 10-25m, 25-50m, 50-100m, 

100-200m, 200-500m, 500-100 meters  

- Presence of the nearest water in a radius of 5m, 10m, 25m, 50m, 100m, 200m, 500m, 

1000m 

- Percentage of the water type in relation to the total surface within a radius of 5m, 10m, 

25m, 50m, 100m, 200m, 500m, 1000m 
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Distance presence of the nearest water in a radius between ranges 

A total of 25 water variables are added to the 27 dwelling characteristics, shown in Table 14. These 

include the different ranges of water from dwelling. So, a gully / dry ditch is added as variable 0-25, 

25- 25, 25-50 and so on.  

This resulted in 11 significant variables which are not interconnected. For example, a gully / dry ditch 

showed a negative effect on the dwelling value when it is located between 0-25 meters from the 

dwelling, compared to when the nearest gully / dry ditch is located in a range between 25-50 meters, it 

has no significant effect. And when it is located in a radius between 50-100 meters it has a positive 

significant effect. These ranges increase the difficulty of explaining the effects of a water type and 

show that other environmental characteristics affect the results. Therefore, the presence of the nearest 

water in a radius without ranges are investigated and will be discussed below. 

 

Distance presence of the nearest water type in a radius  

For these analyses, first each water type was added to the 27 dwelling characteristics with the same 

radius, illustrated in Table 14. So, started with the gully / dry ditch <10m, transition <10m, and so on. 

In the second analyses, every water type was entered with the range <25 meters, until all radiuses are 

analysed.  

In every analysis, one or more water types turned into non-significant relationships with the dwelling 

value. For example, the water course has not a significant relationship with the dwelling value when it 

is measured in <50 meters, but it has when it is measured in <100 meters. As previous studies showed, 

the distance is important for measuring the effect of a water type. Therefore, water types with different 

radiuses are combined to find out the most effective distance for each water type. This resulted in:  

- Gully / dry ditch (in a radius of 50 meters);   

- Transition (in a radius of 50 meters);  

- Water course (in a radius of 100 meters); 

- Water area (in a radius of 100 meters). 

When these global water types are added to the 27 dwelling characteristics, only significant effects were 

shown. Therefore, this model showed a clear effect of each water type within a radius on the dwelling 

value.  

 

Percentage of water type in relation to the total surface within a radius  

Lastly, effects of the percentage of the water type in comparison with the total surface in different 

radiuses are analysed. So, the radius of 10m, 25m, 50m, 100m, 200m, 500m, 1000m with percentage 
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of water is added to the dwelling characteristics separately. In other words, each global water type and 

the same radius with the percentage of water is added. So, first the gully / dry ditch <10m, transition 

<10m, water course <10m, water area <10m are added in one analysis. The second analysis includes 

each global water type with the radius of <25m, and so on. The amount of variables is shown in Table 

14. 

Different results are presented depending on the water type and the radius size. The percentage of water 

type in relation to the total surface within a radius does not show a clear effect of each water type.  

 

4.2.4 Final model 
For the final model the dependent variable transaction price will be used. Also, the global water types 

are used instead of the more detailed water types. At last, the distance to the nearest water type in a 

radius will be used for the final model instead of ranges or the percentage of the water type in relation 

to the total surface within the radius. Radiuses are combined to get the most effective distance. The final 

model is shown in Table 15. 

Table 15 Dwellings in the final model which are located nearby the global water types. 

  Distance (meter) 
Global Water types 0-50 50-100 

1 Gully dry ditch 499 (3%)     
2 Transition 258 (2%)     
3 Water course 4884 (34%) 
4 Water area 1548 (11%) 

 

The test results of the final model will be discussed more in detail in the next section. 

4.3  Results 
Based upon the final model, which is described before, this section will show the results of the Hedonic 

Pricing Method. After that, the results are translated into the REN method.  

4.3.1 Hedonic Pricing Method 
The Hedonic Pricing Method will be performed by adding the variables of the final model to the 27 

dwelling characteristics. It seems that two variables (corner house and number of rooms) turned into 

non-significant results, and therefor these are excluded from the analysis. Still, the adjusted R² is 

increased to 84.1%. The complete analysis is shown in Table 16. 

 

  



 
46 

Table 16 Overview of the significant dwelling characteristics 

                             Coefficients 
Hedonic Pricing Method Unstandardized 

Coefficients 
Standardize

d 
Coefficients 

t Sig. Collinearity Statistics 

  B Std. Error Beta   Tolerance VIF 

1 (Constant) 10114 1806  5.60 0.000   
 Ground surface m² 121 2 0.287 49.39 0.000 0.328 3.050 
 Volume 345 3 0.456 101.66 0.000 0.550 1.818 
 Bay window surface m² 858 33 0.093 25.84 0.000 0.857 1.167 
 Dormer surface m² 1383 168 0.029 8.23 0.000 0.897 1.114 
 Balcony surface m² 1024 66 0.054 15.50 0.000 0.911 1.098 
 Basement surface m² 457 64 0.025 7.14 0.000 0.942 1.062 
 Garage surface m² 419 27 0.061 15.38 0.000 0.699 1.431 
 Location 25068 1007 0.087 24.88 0.000 0.899 1.112 
 Quality 13866 933 0.065 14.87 0.000 0.583 1.717 
 Maintenance 8694 730 0.055 11.91 0.000 0.525 1.905 
 Look 11510 1270 0.036 9.06 0.000 0.703 1.423 
 Efficiency: usefulness of dwelling  8779 1459 0.022 6.02 0.000 0.807 1.239 
 Facilities: presence of facilities 14152 645 0.102 21.93 0.000 0.512 1.953 
 Is located in Bergen op Zoom 13415 1330 0.049 10.08 0.000 0.469 2.131 
 Is located in Dongen -28756 2442 -0.069 -11.78 0.000 0.325 3.074 
 Is located in Oosterhout -14988 2261 -0.051 -6.63 0.000 0.184 5.437 
 Is located in Etten-Leur  20964 1736 0.062 12.08 0.000 0.422 2.369 
 Standalone house 47132 1419 0.175 33.23 0.000 0.400 2.500 
 Semi-detachted 23118 1041 0.086 22.20 0.000 0.746 1.341 
 Detached house 33939 2050 0.058 16.55 0.000 0.900 1.112 
 Construction year is >1930 10305 4522 0.008 2.28 0.023 0.883 1.132 
 Construction year is 70-79 3431 1002 0.013 3.42 0.001 0.735 1.361 
 Construction year is 80-89 15939 1185 0.052 13.45 0.000 0.753 1.328 
 Construction year is 90-99 44278 1152 0.155 38.43 0.000 0.686 1.459 
 Construction year is 00-09 61887 1330 0.183 46.55 0.000 0.719 1.391 
 Year of transaction (2016) 12776 855 0.060 14.94 0.000 0.679 1.473 
 Year of transaction (2017) 25048 957 0.108 26.18 0.000 0.654 1.529 
 Urban type is 5 (low density) -10269 1488 -0.033 -6.90 0.000 0.488 2.049 
 Distance warehouses 8852 692 0.083 12.79 0.000 0.261 3.831 
 Distance local facilities -5734 586 -0.047 -9.78 0.000 0.476 2.103 
 Neighbourhood type 1 (family homes, 

owner-occupied homes with children) 
893 442 0.008 2.02 0.044 0.628 1.592 

 Neighbourhood type 2 (rental properties, 
child-rich, non-western foreigners) 

-4520 427 -0.042 -10.59 0.000 0.707 1.414 

 Neighbourhood type 4 (young families, 
western foreigners) 

-4068 403 -0.038 -10.08 0.000 0.792 1.262 

 Number of floors 1411 433 0.011 3.26 0.001 0.953 1.049 
 Amount of Job opportunities 9936 861 0.094 11.53 0.000 0.166 6.022 
 Surface park  470 58 0.029 8.08 0.000 0.860 1.162 
 Surface wood or open natural space 

(ha). 
210 63 0.013 3.33 0.001 0.756 1.323 

 Gully/dry ditch within 50m -12540 2065 -0.022 -6.07 0.000 0.856 1.168 
 Transition within 50m 8848 2905 0.011 3.05 0.002 0.822 1.216 
 Water course within 100m 2324 861 0.010 2.70 0.007 0.736 1.359 
 Water area within 100m 4349 1179 0.013 3.69 0.000 0.916 1.091 
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As Table 16 shows, a gully / dry ditch within the radius of 50 meters has a negative effect on dwelling 

value. So, the value of a dwelling decreases with €12,540 when it is located within a radius of 50 meters 

of a gully dry dich. In contrast, the transition, water course, and water area have a positive effect on the 

dwelling value. The highest effect on the dwelling value is found nearby a transition. When a transition 

is located within a radius of 50 meters of the dwelling, the dwelling value increases with €8,848 within 

a radius of 50 meters. A water course affects the dwelling value with €2,324 when it is located within 

a radius of 100 meters and a water area with €4,349 when it is located within a radius of 100 meters. 

This is what the unstandardized coefficients B represented in Table 16.  

This study showed, as opposed to previous studies of Visser & Van Dam, 2006; Brouwer et al, 2007; 

Bervaes & Vreke, 2004; Luttik, 2000; Kooijman, 2017, a negative effect  when a gully / dry ditch is 

located in a radius of <50 meters. This could be explained by the water type, because a gully / dry ditch 

could be empty and contains no water in several periods of the year. Still, the presence of a gully / dry 

ditch affects the dwelling value negatively. In addition, a gully / dry ditch is often located next to a large 

road or a railway. These variables are not included in the dataset. So, it is possible, that other 

environmental effects affected these results. 

Furthermore, Luttik and Zijlstra (2000) have found the greatest effect when a dwelling is located nearby 

a water area. However, this study shows a higher value for a transition than a water area. But this water 

type was not included in the study of Luttik and Zijlstra (2000). 

The standardized coefficients Beta (Table 16) represent the level of effect of the variable on the dwelling 

value. The standard coefficients Beta are: 

- Gully dry ditch 0.022  

- Transition 0.011  

- Water course 0.010  

-  Water area 0.013 

So, the distance to a gully / dry ditch has a greater effect on the dwelling value than neighbourhood type 

1 (Single-family dwelling, Owner-occupied dwelling, household with children) (0.008), surface wood 

or open natural space (ha) (0.013), and amount of floor levels in the dwelling (0.011). The level of effect 

of the efficiency of the dwelling (0.022) is as high as the effect of the distance to the nearest gully / dry 

ditch.  

The Variance Inflation Factor (VIF) shows the possibility of multicollinearity. However, the water 

variables do not have multicollinearity issues because the VIF is between 1 and 2.  So, this is very low.  
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4.3.2 REN method 
In order to explain easily to residents the effect of the environment on the dwelling value, characteristics 

of the environment including the effect of water, should be implemented into the REN method. When 

several environmental characteristics are added, the effect of the environment can be shown in a 

measurable way. Therefore, the REN method gives the residents the opportunity to see how the 

environmental characteristics effect the dwelling value because the characteristics are linked directly to 

the dwelling value. 

In comparison with other dwelling characteristics, water has a large effect on the dwelling value, based 

on the standardized coefficient betas which have been explained above. Therefore, it is important to 

include the water characteristic in the WOZ valuation method. So, the results are translated into a REN 

method here, which can be implemented in the valuation model of the WOZ.  This proposition is shown 

in Table 17.  

Table 17 REN method water 

 

 

 

 

 

This model can be used to indicate the effect of water on the dwelling value. A fictional case will now 

be presented to explain the model. The most important principle is that the dwellings are exactly the 

same but distance to the nearest water type differs:  

- Dwelling 1: Distance to a gully / dry ditch 65m, transition 40m, water course 150m, 

water area 2 km 

- Dwelling 2: No water in radius of 100m.  

For dwelling 1: the model can be filled in as follows: Gully / dry ditch (2), transition (1), water course 

(2), and water area (2). For dwelling 2: Gully / dry ditch (2), transition (2), water course (2), and water 

area (2). 

This can be interpreted as follows. Since dwelling 1 is located within a radius of 50 meters of a 

transition, the dwelling value is €8,848, higher than dwelling 2 because no water is found within a radius 

of 100 meters.   

 

 
 

 Environmental characteristics          Added value 
 

 
 Effect of water  Distance to nearest gully / dry ditch 1   <50m  -€12,540   

 
  

        2   >50m  -   
 

  
   Distance to nearest transition 1   <50m  €8,848   

 
  

        2   >50m -   
 

  
   Distance to nearest water course 1   <100m  €2,324   

 
  

        2   >100m -   
 

  
   Distance to nearest water area 1   <100m  €4,349   

 

          2   >100m -     
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4.4  Conclusion  
Different strategies were used to find out which measurement method of the characteristic water had 

the highest added value to the adjusted R2 and showed the most significant effects of the water types. 

First, the transaction price is used instead of the log transaction price because the adjusted R² is higher 

in every analysis. Second, due the number of variables and the specification of the water types, the 

global water types are added in the final model instead of the detailed water types. The global water 

types provide better insight into the effects of water on the dwelling value. Third, the distance to the 

nearest water type measured in a radius showed a clear effect of the water types, so this is added in the 

final model.  

The optimal radius to measure the effect on the dwelling value per water type are: gully / dry ditch 

(50m), transition (50m), water course (100m), water area (100m). These variables were added to the 27 

dwelling characteristics which have a significant effect on the dwelling value and taken into account in 

the multiple regression analysis. Two variables (corner house and number of chambers) turned into 

insignificant relationships and were excluded from the analysis. Without these two dwelling 

characteristics and including the water types, the adjusted R² still showed a little increase of 0,1%. This 

leads to an adjusted R² of 84.1%.  

A gully / dry ditch showed a negative effect (€-12,540) on dwelling value when it is located within a 

radius of 50 meters. A gully / dry ditch can be empty and contain no water in several periods of the 

year, which explain the negative coefficient. In addition, the transition, water course, and water area are 

filled with water during the year and these show positive effects on the dwelling value (transition: 

€8,848 in a radius of 50 meters, water course: €2,324 in a radius of 100 meters, water area: €4,349 in a 

radius of 100 meters).  

These results need to be implemented in the WOZ valuation method, utilizing the REN method because 

differences between the dwelling values can be explained better when the water variables are included 

(adjusted R² of 84.1%). Furthermore, based on the standardized coefficients Beta, some water types 

have a greater effect on the dwelling value than several other variables (neighbourhood type 1, surface 

wood or open natural space, amount of floor levels). Besides, a gully / dry ditch has as much effect on 

the dwelling value as the efficiency of a dwelling.   

Therefore, the results were accumulated into the REN method which gives the municipality a tool for 

the residents which should lead to less appeals against the WOZ-value. This because the environmental 

characteristics of the water types were directly related to the dwelling value. So, it improved the clarity 

of the definition of the environmental characteristics.  
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5. Conclusion, Discussion and Recommendations  
This final chapter explains the general conclusion first. Secondly, the study is discussed by describing 

the limitations and the general lessons learned including the contribution to the existing knowledge. 

Third, some recommendations for further studies are given. 

5.1 Conclusion 
This study focused on the effect of water on the dwelling value in order to find significant relationships 

that can be integrated into the WOZ valuation method. Furthermore, finding more significant 

characteristics, which affect the dwelling value, contributes to a higher certainty of predicting the 

dwelling value. This can be used in the data driven valuation which is stimulated by the Government of 

the Netherlands (Ollongren, 2019). So, the main question in this study was formulated as follows: 

What is the effect of different water types on the dwelling value and how can this aspect be integrated 

into the valuation model for dwellings used by the municipalities? 

 

First, a study was performed on the characteristics which affect the dwelling value. Environmental 

characteristics were found to be very important because they have a large impact on the dwelling value. 

Often, the Hedonic Pricing Method is used in other studies to find the effect of the dwelling 

characteristics on the dwelling value. Therefore, this model was also used in this study to find the effects 

of water on the dwelling value.  

 

Distance to the nearest water type explained the effect of water better than the surface of water within 

a radius of the dwelling. Furthermore, the four global water types together showed more significant 

results than when the specific water types were analysed separately. In addition, the transaction price 

instead of the log transaction price turned out to be a better fit for the model. These were the strategies 

for the final model. In addition, the optimal distance was determined to find significant relationships 

for every water type.    

 

A gully / dry ditch, and a transition affect the dwelling value when they are within a radius of 50 meters 

of the dwelling. The water course and a water area influence the dwelling value up to 100 meters. So, 

distances to the nearest water type have impact on the dwelling value. However, as opposed to previous 

studies, a gully / dry ditch affects the dwelling value negatively (-€12,540). A transition, which is a 

water course combined with a water area, has the greatest effect on the dwelling value (+€8,848). The 

water area follows (€4,439) and the water course has the lowest effect (+€2,324). The significant 

dwelling characteristics including these water variables increase the accuracy of predicting the dwelling 

value. Therefore, the water characteristics must be included into the WOZ valuation method.  
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The REN (Real Estate Norm) method, which was originally designed for the office market, and is 

nowadays used for the valuation of gas stations, was adapted to enable an objective discussion of real 

estate quality. So, the REN method is a tool for professionals to present clients with information about 

the functions of a dwelling. This REN method needs to be implemented into the WOZ valuation method 

because this method provides the municipality a tool to explain the WOZ value which should lead to 

less appeals. Therefore, the results of this study have been translated into the REN method. 

 

Besides, the results of this study provide project / area developers insight to create more value in the 

area by implementing / leave out a water course. The costs and revenues can be calculated in advance. 

Or vice versa, when a plot is available within a radius of 100 meters from a gully / dry ditch, the negative 

effects of the gully / dry ditch on the dwelling value can be taken into account when an offer needs to 

be determined.    

 

5.2  Discussion 
The discussion is divided in two different sections. First, the data which was used for this analysis is 

discussed. Second, the adaptation of the results into the REN method is discussed. After that, the general 

lessons which are learned including the contribution to the existing knowledge are described. 

5.2.1  Data 
The dataset has specified eleven different water types in the research area of West-Brabant. However, 

some water types are specified as water course unknown, and water area unknown. This might affect 

the outcome of the effect of the specific water types on the dwelling value, because different types of 

water are included in the unknown water types. This increases the chance of insignificant outcomes, 

because no clear water type can be investigated in these categories. For example, a transition is a 

combination of two water types so potentially contradictory effects could lead to the insignificant 

outcomes. However, the data will be more specific in 2020 according to Geonovum which collects 

geographic information for the government. Furthermore, because many water types are specified as 

unknown, there is limited information on e.g. a canal 1 (gracht), canal 2 (kanaal), river, harbor, and 

brook etc. Some of these water types have a large effect on the dwelling value. So, a clearer output is 

expected when these unknown water types are specified more and added into the right categories.  

The municipalities which were analysed are no large cities and cannot be considered as large urban 

areas. This is also concluded when the density of location of the investigated dwellings is analysed. Just 

9% of the dwellings is in a high-density area (>2500 addresses per km²) located. Visser and Van Dam 

(2006) state that there is a difference between the effect of water on a dwelling value in urban and rural 

areas. The effect of a water course on the dwelling value is higher than the effect of a water area on the 

dwelling value in urban areas (Visser & Van Dam, 2006). In contrast, a water area showed the highest 

effect in a rural area and the effect of a water course is not significant (Visser & Van Dam, 2006). To 
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investigate if there is a difference in the effect of water on the dwelling value in this study, the difference 

between a high-density area and a low-density area was checked. Two analyses were performed, 

whereof one with the dwellings located in a high-density area (density type 4 and 5) and one analysis 

with only dwelling located in a low-density area (density type 1 and 2) (shown in Table 7, 3.1.1). These 

analyses showed also a high effect of a water area on the dwelling value in the rural areas and a non-

significant effect of a watercourse. Differently, this analysis showed a higher effect of the water area 

than a water course in an urban area. Therefore, these results suggest that this is not totally in line with 

the study of Visser and Van Dam (2006), and further research is necessary to find out the reason for 

this difference.  

A few environmental characteristics have been included in the study but need to be expanded to get an 

overview of the total effect of the environment on the dwelling value. For example, the walkability, and 

the air quality are not considered. In addition, this study showed that distance to the nearest water type 

has a larger effect on the dwelling value than the effect of the amount of surface of the water type within 

a radius or in the neighbourhood on the dwelling value. This needs to be investigated for other 

environmental characteristics where the amount of surface is considered (e.g. park, daytime recreation, 

leisure area, wood / open natural space, sports area).  

5.2.2 REN method  
The REN method seems to be a very useful tool for the municipality to motivate the WOZ values 

towards residents, since the effect of the environment can be shown in a measurable way. The REN 

method gives the residents the opportunity to see how the environmental characteristic water effect the 

dwelling value, because the characteristics are linked directly to the dwelling value.  However, the REN 

method has some limitations as well, which are discussed below.  

First, in general a lot of data is needed of every dwelling for the input of the REN method. As shown, 

data was necessary to show the effect of water on the dwelling value and translated into a REN model. 

Obtaining the data is very time consuming, especially when all the significant dwelling characteristics 

need to be translated into a REN method which is necessary to create a complete method. Second, the 

REN method should be updated regularly to find the effect of each variable. Lastly, the REN method 

gives more insight into the determination of the WOZ value of the dwelling. However, the data which 

is known by the municipality needs to be publicly accessible. For example, the WOZ value can be 

explained with the REN method. In the motivation of the WOZ value, the dwelling value is lower 

because a gully / dry ditch is located within 50 meters. However, the residents never saw a gull / dry 

ditch before in the neighbourhood because this gully / dry ditch is located next to a large road. 

Discussion or questions need to be avoided through the availability of public data which show the 

locations of a gully / dry ditch. A platform like Funda could consider water type as a dwelling 

characteristic and show the dwelling characteristics on their website.  
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5.3   Recommendations 
Water types affect the dwelling value and therefore this characteristic needs more attention during the 

valuation of a dwelling. However, many steps need to be taken before this is possible. First, the available 

data must be expanded and the water types which are unknown need to be specified. In addition, when 

this is done, a map needs to be created with all those water types which can be easily shown to the 

residents. This prevents discussion and questions about the type of water in their neighbourhood. In 

addition, the specific location of the water type next to the dwelling must be included and whether the 

water can be seen from the dwelling. This data can be used for websites such as Funda or the CBS, 

which can help make the environmental effect of water on the dwelling value more insightful.  

The results suggest that other environmental characteristics affect the effect of water on the dwelling 

value, since some outcomes are not in line with the literature, such as the negative effect of a gully / dry 

ditch on the dwelling value, and the highest effect of a water area in urban areas. More environmental 

characteristics need to be investigated to show an accurate effect of each environmental characteristic. 

Environmental characteristics which can be investigated are the quality of the air, the distance to an 

airport, and the walkability. Furthermore, it should be reconsidered how the effect of the environmental 

characteristics needs to be analysed, as there are effects measured based on distance to the 

environmental characteristic and on the amount of surface of the neighbourhood of the environmental 

characteristic. These different measurements may result in different effects, as this was the case with 

this study compared to Arentze and Stevens (2018).  

In this dataset, no data of dwellings in large cities or other parts of the Netherlands were included. Just 

9% of the dwellings was in a high-density area located, and the research area focusses on West-Brabant. 

The dataset needs to be expanded with data from other places in the Netherlands to test the results and 

modify them if necessary. Furthermore, differences are expected between areas in the Netherlands, due 

to the amount of presence of waterways. One platform with all the data could help the municipalities 

by sharing knowledge about their WOZ valuation methods. 

Additionally, this study focusses solely on particular distances to water with a maximum of a radius of 

1000 meters, with are based on the results of water types included in this study. As there may be other 

water types, think of seas or oceans, which could affect the dwelling value when they are further away 

than just 1000 meters, further research should expand possible outcomes of the effect of water on a 

dwelling value till maximum distances.  

As there is just 84,1% of the dwelling value explained by different characteristics, there is still 15,9% 

of the dwelling value which is determined unclearly. When all characteristics and their effect on the 

dwelling value are investigated and included in the REN method, it will show a total overview of the 

determination of the value of the dwelling. With this complete REN method, a clearer explanation could 

be given to residents about the determination of the dwelling value.  
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This study contributes to the existing knowledge about the effects of water types, and brings the 

valuation of dwellings a step closer to a functioning general model based valuation which can be used 

by municipalities and other parties in the Netherlands. It could be used to take the next step in creating 

a complete functioning valuation model.    
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Appendix I: Results multiple regression analysis `without water’ 
(transaction price) (Arentze and Stevens, 2018) 
 

Coefficientsa 

Model 
Unstandardized 

Coefficients 
Standardized 
Coefficients t Sig. Collinearity Statistics 

B Std. Error Beta Tolerance VIF 

 

(Constant) 13142 2318   5.67 0     
Ground surface m² 120 2 0.285 48.62 0 0.32 3.09 
Volume 348 4 0.461 98.64 0 0.51 1.96 
Bay window surface m² 861 33 0.093 25.77 0 0.85 1.18 
Dormer surface m² 1378 169 0.029 8.18 0 0.90 1.12 
Balcony surface m² 1017 66 0.054 15.35 0 0.91 1.10 
Basement surface m² 447 64 0.024 6.99 0 0.94 1.06 
Garage surface m² 417 27 0.061 15.20 0 0.69 1.44 
Location  25283 1009 0.088 25.05 0 0.90 1.11 
Quality 13706 934 0.064 14.67 0 0.58 1.72 
Maintenance 8660 732 0.054 11.84 0 0.53 1.90 
Look 11289 1273 0.035 8.87 0 0.70 1.42 
Efficiency: usefulness of dwelling  8837 1462 0.022 6.05 0 0.81 1.24 
Facilities: presence of facilities 14230 647 0.103 22.01 0 0.51 1.95 
Is located in Bergen op Zoom 13889 1327 0.051 10.47 0 0.47 2.11 
Is located in Dongen -28553 2435 -0.068 -11.73 0 0.33 3.04 
Is located in Oosterhout -14375 2176 -0.049 -6.61 0 0.20 5.01 
Is located in Etten-Leur  20883 1726 0.062 12.10 0 0.43 2.34 
Standalone house 47120 1507 0.175 31.27 0 0.36 2.81 
Semi-detached 23309 1110 0.086 21.01 0 0.66 1.52 
Detached house 34429 2090 0.059 16.48 0 0.87 1.15 
Corner house 1372 1078 0.005 1.27 0.20 0.82 1.23 
Construction year is >1930 10428 4532 0.008 2.30 0.02 0.88 1.13 
Construction year is 70-79 3520 1001 0.014 3.52 0 0.74 1.35 
Construction year is 80-89 16544 1180 0.054 14.02 0 0.76 1.31 
Construction year is 90-99 45032 1149 0.157 39.20 0 0.69 1.44 
Construction year is 00-09 62006 1334 0.183 46.47 0 0.72 1.40 
Year of transaction (2016) 12854 857 0.061 15.00 0 0.68 1.47 
Year of transaction (2017) 25132 959 0.108 26.21 0 0.65 1.53 
Urban type is 5 (low density) -10227 1486 -0.033 -6.88 0 0.49 2.04 
Distance warehouses 8725 683 0.082 12.77 0 0.27 3.72 
Distance local facilities -6140 571 -0.051 -10.75 0 0.50 1.99 
Neighbourhood type 1 (family 
homes, owner-occupied homes with 
children) 

1406 438 0.013 3.21 0 0.64 1.55 

Neighbourhood type 2 (rental 
properties, child-rich, non-western 
foreigners) 

-4552 426 -0.042 -10.68 0 0.71 1.41 

Neighbourhood type 4 (young 
families, western foreigners) -4338 401 -0.04 -10.815 0 0.81 1.24 

Number of floors 1528 435 0.012 3.517 0 0.95 1.05 
Number of rooms -943 403 -0.009 -2.343 0.02 0.84 1.20 
Amount of Job opportunities 10130 847 0.096 11.956 0 0.17 5.80 
Surface park  522 58 0.032 9.048 0 0.88 1.14 
Surface wood or open natural 
space (ha). 190 63 0.012 3.028 0 0.76 1.31 

a. Dependent Variable: transprice 
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Appendix II:  Pearson Correlation Matrix 
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Appendix III:  Tests of the conditions 

 
Coefficientsa 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) -2.374E-9 918.511  .000 1.000 

Unstandardized Predicted 

Value 

1.000 .004 .918 276.762 .000 

a. Dependent Variable: R52_6511_Transactieprijs 
 
 

Residuals Statisticsa 
 Minimum Maximum Mean Std. Deviation N 

Predicted Value 1779.60 1031763.88 235248.52 96337.346 14383 

Residual -512788.719 354414.031 .000 41742.945 14383 

Std. Predicted Value -2.423 8.268 .000 1.000 14383 

Std. Residual -12.284 8.490 .000 1.000 14383 

a. Dependent Variable: R52_6511_Transactieprijs 
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