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DISCLAIMER: The resulting tables and maps in this report are only illustrative of the methods 

used and are intermediary results based on incomplete input data and assumptions.  
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1. Introduction 

In this study we quantify the costs for densification – (re)development within existing urban areas – and affil-

iated benefits, and moreover, how these vary between locations, development options and scenarios corre-

sponding to future housing demand. This way we can create a bandwidth wherein, looking at the financial 

feasibility, the future residential developments could be realised within the existing urban fabric. This study 

builds on the previous transformation potential study (van Duinen et al., 2016), where that study focussed on 

the suitability of a restricted set of land uses. In this extension we widen the scope and focus on financial 

feasibility.  

 
This report explains and demonstrates the used methods and model mechanisms. The presented results in 

this report are intermediary results based on incomplete input data and assumptions and should only be 

viewed as illustrations of the methods used.  

 
The main research question in this study is: 

- What is the financial feasibility for residential development within the urban areas and what share of the fu-

ture housing demand can be realised within existing urban areas? 

 
We will answer this question using five sub-questions corresponding to five themes: 

1. Which locations should be omitted based on national or provincial environmental and planning restrictions for 

residential development?  

2. Which locations are currently classified as large-scale infrastructure or water, or are intended to be classified 

as such in the near future, and should be omitted based on evidently-used locations? 

3. Which development options would give positive net values of exploitations at the remaining sites from ques-

tion 1 and 2. And how many additional houses of which types could be realised in these locations? 

4. What are the regional housing opportunities when taking future housing demand into account, and to which 

degree can this be realised within existing urban areas? 

5. How sensitive are the calculated housing opportunities for uncertain choices concerning conservation of exist-

ing urban green, existing building heights and housing densities? 

 
The five themes correspond to the different building blocks needed to answer the main research question; 

environmental and planning restrictions, evidently-used sites, net exploitation of development options, 

matching supply with housing demand, sensitivity analysis. 

 
This report is structured as follows: first the methods are discussed in chapter 2 where each subsection corre-

sponds to the numbered sub-questions, subsequently, the in chapter 3 presented results are structured in the 

same manner. Chapter 4 briefly states the steps taken for the sensitivity analysis and chapter 5 contains a short 

summary and preliminary conclusions, followed by some possible next steps in chapter 6.  
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2. Method 

2.1. Environmental and planning restrictions 

Just as in the previous transformation potential study, we omit definite national or provincial environmental 

and planning restrictions for development. Some restrictions have been changed or have become redundant 

and a revision of these restrictions is necessary. The selection of these restrictions is performed by the Nether-

lands Environmental Assessment Agency (PBL).  

2.2. Evidently used sites 

We use the land-use map of 2015 from the Dutch Statistical Bureau (CBS) to identify evidently-used sites. 

Large-scale infrastructure and water are considered, just as in the previous study, evidently-used sites and 

thus these sites will also be omitted. A few more categories will be omitted, the complete list is: railroads, main 

roads, airports, cemeteries, semi-paved terrains, parks, sports facilities, day trip locations, accommodations, 

forests, dry natural areas, wetlands, water. 

2.3. Housing opportunities per location and development option 

We calculate the residential development options at the remaining sites per individual location. We will do 

this for nine development options. Each development option has a predetermined density and housing type 

mix (detached, semi-detached, terraced-housing, and apartments). The main criteria for residential develop-

ment options at each location are, just as in the previous transformation potential study, the degree for 

‘un(der)-usedness’. The previous study estimated this using proxy just as vacancy and ageing. In this study, 

we explicitly calculate land and real estate exploitation for each development option. We consider a location 

to be un(der)used if there is a positive net value of exploitation.  

 

To calculate the housing opportunities per location per development option we need to know whether the 

exploitation value per location and per development option is positive. The exploitation value consists of sev-

eral parts:  

- Revenue of alternative development option 

- Construction costs of development options 

- Acquirement costs of all current real-estate 

- Demolishment costs of all current real-estate 

 

To calculate the exploitation value per site we calculate the profit by subtracting the construction, acquirement 

and demolishment costs from the revenues. In order to calculate the revenues and acquirement costs, we need 

the location-specific value of a house given a certain set of attributes. This is obtained using a hedonic price 

index. Furthermore, viable alternative development options need to be formulated. To ensure these options 
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are realistic, they are empirically established using a cluster analysis. The construction costs and demolish-

ment costs are calculated using key figures per housing type per m2.  

 

2.3.1. Hedonic Price Index 

A hedonic price analysis is a method to monetise specific measured characteristics of a priced object by esti-

mating the implicit or hedonic price of that characteristic using a regression framework with many observa-

tions. For example, if two adjacent houses are identical except for a garage and the one with the garage costs 

10,000 euro more. It could be assumed that the price of that garage is 10,000 euro. Using the same rationale, if 

two identical houses only differ in location, one can derive the location premium.  

 

This research makes use of a dataset with all housing transactions handled by the Dutch association of real 

estate brokers (NVM) between 2000 and 2017 and covers approximately 75% of all housing transactions in that 

period. The dataset was kindly provided by NVM and for each transaction contains information about the 

price, transaction characteristics, many structural housing characteristics and its exact location. The dataset is 

enriched with the Dutch Basic Registration of Addresses and Buildings (BAG) from Kadaster, which contains 

all buildings in the Netherlands and for example its building year. The housing transaction dataset contains 

some typos or other improbable values and therefore has to be cleaned. For a more detailed report on this 

price index see Claassens and Koomen (2017). 

 

Since we expect single-family housing and multi-family housing to behave differently we estimate them sep-

arately. In both case is the dependent variable the log-transformed transaction price, and the explanatory var-

iables can be grouped in three categories: structural characteristics, transaction characteristics and location 

characteristics. For the list of used variables and their descriptive statistics, see Table 1 for single-family hous-

ing and Table 2 for multi-family housing. For more information on the variable Urban Attractivity Index see 

appendix 1. 
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Table 1: Descriptive statistics for single-family housing 

VARIABLES N mean sd min max 

           

Structural characteristics      

Log size (in m2) 1,621,504 4.83 0.27 3.33 5.52 

Log lot size (in m2) 1,621,504 5.45 0.82 2.30 11.51 

Number of rooms 1,621,504 4.89 1.19 1.00 25.00 

Number of bathrooms 1,621,504 1.06 0.25 1.00 8.00 

Maintenance state is good 1,621,504 0.86 0.35 0.00 1.00 

Property has central heating 1,621,504 0.92 0.27 0.00 1.00 

Complete isolation present 1,621,504 0.21 0.41 0.00 1.00 

Private parking present 1,621,504 0.40 0.49 0.00 1.00 

Building type: terraced 1,621,504 0.61 0.49 0.00 1.00 

Building type: semi-detached 1,621,504 0.21 0.41 0.00 1.00 

Building type: detached 1,621,504 0.18 0.38 0.00 1.00 

Construction year unknown 1,621,504 0.04 0.20 0.00 1.00 

Construction year <1945 1,621,504 0.21 0.41 0.00 1.00 

Construction year 1945-1959 1,621,504 0.07 0.26 0.00 1.00 

Construction year 1960-1970 1,621,504 0.11 0.31 0.00 1.00 

Construction year 1971-1980 1,621,504 0.17 0.38 0.00 1.00 

Construction year 1981-1990 1,621,504 0.15 0.36 0.00 1.00 

Construction year 1991-2000 1,621,504 0.15 0.36 0.00 1.00 

Construction year >2000 1,621,504 0.09 0.28 0.00 1.00 

      

Transaction characteristics      

Log transaction price (in euros) 1,621,504 12.34 0.43 10.13 14.04 

Transaction year 1,621,504 2009 5.43 2000 2017 

Buyer's costs present 1,621,504 0.96 0.19 0.00 1.00 

Leasehold present 1,621,504 0.03 0.17 0.00 1.00 

      

Location characteristics      

Urban Attractivity Index 1,621,504 0.01 0.03 0.00 0.51 

Log travel time to 100.000 inhabitants (in min) 1,621,504 3.22 0.47 0.00 5.24 

Travel time to train stations (in min, cut off at 15 min) 1,621,504 6.36 4.00 1.00 15.00 
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Table 2:  Descriptive statistics for multi-family housing 

VARIABLES N mean sd min max 

            

Structural characteristics      

Log size (in m2) 720,532 4.41 0.30 3.26 5.51 

Number of rooms 720,532 3.21 0.98 1.00 23.00 

Number of bathrooms 720,532 1.02 0.14 1.00 6.00 

Maintenance state is good 720,532 0.88 0.33 0.00 1.00 

Property has central heating 720,532 0.88 0.32 0.00 1.00 

Complete isolation present 720,532 0.21 0.41 0.00 1.00 

Private parking present 720,532 0.12 0.33 0.00 1.00 

Building is high-rise 720,532 0.35 0.48 0.00 1.00 

Apartment type: downstairs 720,532 0.13 0.33 0.00 1.00 

Apartment type: upstairs 720,532 0.25 0.43 0.00 1.00 

Apartment type: maisonette 720,532 0.08 0.27 0.00 1.00 

Apartment type: porch 720,532 0.34 0.47 0.00 1.00 

Apartment type: gallery 720,532 0.20 0.40 0.00 1.00 

Apartment type: service 720,532 0.00 0.06 0.00 1.00 

Apartment type: downstairs and upstairs 720,532 0.01 0.08 0.00 1.00 

Construction year unknown 720,532 0.17 0.38 0.00 1.00 

Construction year <1945 720,532 0.16 0.37 0.00 1.00 

Construction year 1945-1959 720,532 0.09 0.28 0.00 1.00 

Construction year 1960-1970 720,532 0.16 0.37 0.00 1.00 

Construction year 1971-1980 720,532 0.11 0.31 0.00 1.00 

Construction year 1981-1990 720,532 0.10 0.30 0.00 1.00 

Construction year 1991-2000 720,532 0.10 0.30 0.00 1.00 

Construction year >2000 720,532 0.12 0.32 0.00 1.00 

      

Transaction characteristics      

Log transaction price (in euros) 720,532 12.03 0.44 10.13 14.00 

Transaction year 720,532 2009 5.28 2000 2017 

Buyer's costs present 720,532 0.92 0.28 0.00 1.00 

Leasehold present 720,532 0.16 0.36 0.00 1.00 

      

Location characteristics      

Urban Attractivity Index 720,532 0.03 0.05 0.00 0.51 

Log travel time to 100.000 inhabitants (in min) 720,532 2.71 0.45 1.60 5.23 

Travel time to train stations (in min, cut off at 15 min) 720,532 4.33 2.86 1.00 15.00 
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2.3.2. Cluster Analysis 

To create realistic development options it is reasonable to look at the past, what type of buildings, in what 

size, and in which densities houses were built in the recent past. Therefore, hectares that contain recent devel-

opments are clustered into homogeneous groups, based on: 

- Density per hectare 

- The fraction of  housing types per hectare 

- Average floor area per housing type per hectare 

- High-rise or semi-high-rise apartment buildings 

 

The dataset used for this analysis is the Dutch Registry of Buildings and Addresses (BAG) and contains all 

buildings with its functions, location, building year and floor area. In this case, we use a snapshot of this 

dataset of January 1st 2018. Another dataset used is the Dutch Registry of Cadastre (BRK), which contains all 

the land parcels in the country. 

 

The result of this cluster analysis is used to formulate new development options, it is, therefore, irrelevant to 

include older buildings. Since houses will not be built the same way as they were built in 1900. The circum-

stance was most probably unequal to the circumstance in the near future. Therefore only hectares wherein the 

modal building year is greater or equal to 2000 are included in the analysis.  

 

Furthermore, we are only interested in hectares that are representative residential areas. When dividing the 

country in a 100-meter grid, one will, for example, end up with grid cells containing one house in the corner 

of the grid cell which is actually part of a larger high-density neighbourhood. Should this particular cell be 

considered a low-density cell or part of the high-density cell? To overcome this problem we omit cells that 

have a low percentage of built-up area. The calculate this we combine the BAG and BRK. First, we keep all the 

BAG-buildings which contain at least one residential function. Next, these buildings are linked to parcels from 

the BRK, giving only residential parcels. However, sometimes there are very large parcels with hardly any 

built-up area which distort the data. Therefore we omit the parcels where the ratio between built-up area and 

parcel area is larger or equal to 0.05. Next, these parcels are gridded at a 10-meter resolution. Then, per hectare, 

the amount of 10-meter cells is counted to calculate the fraction of inhabited area per hectare. This fraction is 

then combined with the building year selection and only cells whereof the fraction of inhabited area is larger 

than 0.2 are considered. 

 

The resulting dataset contains 48,923 cells. For each cell, the residential density is calculated by counting the 

number of housing units per hectare. The fractions per housing type are calculated by dividing the number of 

housing units per type by the total amount of units in a hectare. The surface area per housing type is deter-

mined by taking the average surface area per housing type per hectare. 
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The building height is calculated using the National Height Dataset (AHN) and when unavailable, using a proxy. 

The AHN at 0.5 meters is used to calculate the height of each building. To correct for outliers, the 90% percen-

tile is used. This results in the building height expressed relative to sea level. But we need the actual height of 

the building, therefore, we calculate the height around each building and subtract that. In some cases does 

this method not provide accurate results, maybe because the buildings are newer than the height data, or 

because it was not possible to calculate the correct height. Nevertheless, we do need a height and therefore 

use an alternative approach as a proxy. We sum the area of all function in a building and divide that by the 

building footprint to approximate the number of floors. Next, we multiply the number of floors with the 

standard floor height of 2.80 meters. However, there are still some errors in this approach, therefore, unlikely 

values receive the value of zero. In this analysis, we are only interested in buildings classified as apartments. 

We categorise apartment buildings between 14 and 25 meters as semi-high-rise and higher than 25 meters as 

high-rise. 

 

The generated variables are exported to the statistical package STATA, and cells without residences (density 

== 0) are omitted. The outliers in the floor area are corrected by replacing the 100th percentile with the 99th 

percentile. The area and density are then normalised between 0 and 1.  

 

To create clusters we use the k-means cluster analysis, this method creates clusters by maximising the variance 

between clusters and to minimise the variance within clusters. However, in this method we need to specify 

the number of clusters to create. To determine that amount, a test is set up. We execute the analysis for a range 

of clusters, from 0 to 20. Then we plot the  (eq. 1) and look for a kink (Figure 5); this coefficient gives the 

proportional decrease of the WSS (Within Sum of Squares) for each cluster solution k compared to the TSS 

(Total Sum of Squares) (Makles, 2012). 

𝜂𝑘
2 = 1 −  

𝑊𝑆𝑆(𝑘)

𝑇𝑆𝑆
 (Eq. 1) 

 

The result is that each observation gets a cluster assigned. To know the cluster values we calculate for each 

cluster and each variable the average value. The results can be used to create empirically founded develop-

ment options.  

 

An alternative clustering method is the ‘density-based spatial clustering of applications with noise’ (DBSCAN). 

Critics of the k-means method point out that in this method each observation has to be assigned to a cluster. 

Which makes the method susceptible to outliers. The DBSCAN-method does not have that requirement, more-

over, unlike the k-means method the clusters are not based on circular reaches, and could form all shapes.  
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2.3.3. Revenue of alternative development options 

Using the previously discussed price index and cluster analysis we have the necessary components to calculate 

the potential revenue of alternative development options. Using the characteristics for each development op-

tion, combined with the national average for the other characteristics in the price index we calculate for each 

development option for each hectare in the Netherlands the potential revenue in 2017-euros. 

 

2.3.4. Acquirement costs  

To determine the costs to acquire the current housing units in each hectare, we use the previously mentioned 

dataset containing all the houses in the Netherlands. We use the housing characteristics from this dataset, 

combined with regional averages from the housing transaction dataset to calculate the price of each housing 

unit using the price index from section 2.3.1. For all the non-housing buildings getting an accurate value is 

more difficult. For the time being, we use a single price per m2 of 1,000 euro. For all the buildings which have 

other functions than housing, we sum the area affiliated with that building and multiply it with the price per 

m2. However, there are some cases which result in undesired outcomes. When the building is larger than or 

stretches more than one grid-cell, its area or corresponding price gets assigned to a single grid cell. To account 

for this, we spread the floor area of a building over the building footprint and assign the share of the building 

that lies in a certain grid-cell to that grid-cell. Furthermore, there are many terrains that do not contain build-

ings to value it on, e.g. shipyards or other dock works. To account for this issue, we manually categorised such 

areas as harbour and assigned again 1,000 euro per m2 to these areas. In the future we would like to replace 

these estimates values with the registered tax value (WOZ). 

 

2.3.5. Demolishing costs and construction costs 

In order to get some sense of demolishing and construction costs, we use some key figures per building type 

(Table 3). We obtained these figures from www.bouwkostenkompas.nl based on typical buildings. Further-

more, these costs vary across the country, regional influence on these costs is displayed in Figure 1.  

 

Table 3: Demolishing and construction costs per building type (source: www.bouwkostenkompas.nl) 

Building type Demolishing costs per m2 Building costs per m2 

Detached housing 57 984 
Semi-detached housing 40 1017 
Terraced housing 22 859 
Apartments 22 1126 
Offices 25 - 

 

To calculate the demolishing costs we use again the dataset with all the buildings in the country, which contain 

for each building the building type and floor area. Using this, we can estimate the demolishing costs for each 

building. In order to calculate the construction cost for each development option, we multiply the key figures 

in Table 3 with the option’s characteristics (i.e. density, building type and size) and the regional effects.  
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2.3.6. Profit per hectare 

Now we have the acquirement costs and demolishing costs and per development option the construction costs 

and potential revenues. Overlaying these results in the profit per hectare for each development option.  

 

  

Figure 1: Regional effects on demolishing and construction costs ranging between 0.88-1.06 

(source: www.bouwkostenkompas.nl) 
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2.4. Regional feasibility of housing demand 

In this section we explore how many housing units could be built, using different development options on the 

supply side and varying household claims on the demand side. The variants discussed here are of increasing 

complexity, aimed to better understand the degree of reality. In each variant, the profit used is the profit per 

hectare as calculated in the previous sections. The differences in the various approaches are shown in Table 4 

and show the increasing complexity. The results of each variants will show the difficulties with each approach 

and show the necessity of the next variant with its increased complexity. Important to note is that the maxi-

mum price for a residential unit is its current price, the price can be lowered, but never increased above the 

current levels. 

 

Table 4: Allocation approaches 

 

2.4.1. Regional demand 

In the study we use different scenarios concerning regional demand. The demand is an output from the TI-

GRIS XL model and are per households type (Table 5) split in single-family/multi-family housing per COROP-

region for the years 2015, 2040 and 2050 for three scenarios depending where and how much growth is pro-

jected.  

 

Table 5: household types and its characteristics (source: Zondag et al., 2015) 

Household type #persons #children #workers Age 65+ Age < 35 

1. SingleNoJob 1 0 0 No - 
2. Young1Job 1 0 >0 No Yes 
3. Middle1Job 1 0 >0 No No 
4. CoupleNoJob >1 0 0 No - 
5. YourCouple1Job >1 0 1 No Yes 
6. MiddleCouple1Job >1 0 1 No No 
7. Young2Jobs >1 0 >=2 No Yes 
8. Middle2Jobs >1 0 >=2 No No 
9. KidsNoJobs >1 >0 0 - - 
10. Kids1Job >1 >0 1 - - 
11. Kids2Jobs >1 >0 >=2 - - 
12. SingleElderly 1 0 - Yes - 
13. CoupleElderly >1 0 - Yes - 

 

These households projections do have the distinction between single- and multi-family housing, we call this 

base set of demand ‘per_HH_WP_HK’. If we aggregate the single- and multi-family housing together, we get 

the ‘per_HH’ demand set. However, for this study we need projections for each of the four housing types. 

Ap-
proach 

Development option 
composition 

Simultaneous al-
location of op-
tions 

Maximising total 
suitability 

Household-specific 
demand 

Income re-
striction 

2.4.2 Heterogeneous No No No No 
2.4.4.1 Homogeneous Yes No No No 
2.4.3 Heterogeneous Yes Yes No No 
2.4.4.2 Homogeneous Yes Yes No No 
2.4.5.1 Heterogeneous Yes Yes Yes No 
2.4.5.2 Heterogeneous Yes Yes Yes Yes 
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There are several approaches to reach this goal. The first is aggregate the household types and then split the 

total single-family demand into the three single-family housing types using the present distribution of these 

house types in the country from the housing dataset (BAG). We shall call this set of regional demands: 

‘per_WP2_BAG_WP4’. The second approach maintains the household type division, by using the house type 

distribution from the WoON 2015 dataset and weighting it by the present distribution of the house types in 

the country from the housing dataset (BAG). We call this set of demands: ‘per_HH_WoON_WP4_BAG’. 

 

2.4.2. Transformation into nine development options 

In this first approach, we will build the entire Netherlands with each of the nine development options from 

section 2.3.2 where the profit per hectare is positive. This approach answers the question of how many housing 

units could be built on the supply side. This result is eventually tested against the ‘per_HH’ claim set to inves-

tigate whether the claims could be met.  

 

2.4.3. Allocation of the nine development options over total household demand 

This variant is a small extension of the previous variant, it allocates again the nine development options but 

now does it using simultaneous discrete allocation restricted by regional demand. It uses the total demand 

per region.  

 

2.4.4. Allocation of four homogeneous housing type-development options  

This variant allocates households in four homogeneous development options, see Table 6, using two methods. 

The two methods correspond to the two perspectives in which one can develop an area: the perspective from 

a short-sighted private developer and that of a benevolent leader. The private developer will develop each hec-

tare to the development option which yields the highest profit, while constraint by regional demand. Con-

versely, the benevolent leader tries to maximise the aggregated profits while satisfying the regional demand, 

which will probably result in a higher claim realisation. Both variants make use of the ‘per_WP2_BAG_WP4’ 

claim set.  

 

Table 6: Characteristics of the homogeneous housing-type development options 

Development option Density Size 

Detached housing 5 260 
Semi-detached housing 10 160 
Terraced housing 25 140 
Apartments 60 100 

 

2.4.4.1. Variant of the short-sighted Private Developer  

This uses a greedy approach where the developer builds for each cell the development option that yields the 

highest profit, constrained by its regional claims. In this variant, the profit per hectare for each development 

option is sorted (ranked), then the target rank is determined so at which profit level the claim (demand) for 

that development option is reached. Then for each hectare, the development option with the highest profit is 
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marked. Next, if the profit in a grid-cell is above the target rank, and is the option with the highest profit it is 

chosen to be developed into the corresponding development option. This takes multiple iterations to complete 

and to make sure that already redeveloped sites get redeveloped in a subsequent iteration, the suitability 

(profit) for redeveloped cells is set to zero. Furthermore, this method is also iteratively applied to account for 

evicted households from locations that are redeveloped. After initial allocation, the evicted households are 

added to the remaining regional claims based on their previous housing type and are consequently allocated 

in the next iteration, and this continues until no more households can be allocated. Either because the regional 

demand is met, or no more suitable location are left. 

 

2.4.4.2. Variant of the Benevolent Leader 

This variant uses a discrete allocation method to determine where which development options will be devel-

oped. This method uses shadow prices that decreases or increases the suitability (profit) for a certain develop-

ment option in a cell depending on the scarcity of land available for that development option. In this case, the 

profit for apartments is always higher than terraced housing, due to the higher density of apartments. In order 

to satisfy the regional claims (demand), more housing unit could be developed when in the more profitable 

location for apartments, terraced housing would be developed since apartments are profitable in more loca-

tions and otherwise not the entire claim for terraced housing could be satisfied. And this is extended with the 

two other housing types. This method is also iteratively applied to account for evicted households. To make 

sure that already redeveloped sites get redeveloped in a subsequent iteration, the suitability (profit) for rede-

veloped cells is set to minus one (ideally this would be zero, but due to technical reasons set at minus one). 

 

2.4.5. Allocation of the nine development options over household type demand with matching dependent 

on income 

Within this approach we also have two variants of increasing complexity. The first allocates the nine hetero-

geneous development options dependent on household type-specific demand. And the second adds house-

holds’ budget restrictions, since not all households can pay for each housing type at all locations. The previous 

approaches evaluated or were restricted by total demand per region or the demand per housing type per 

region. These two approaches dig deeper and restrict developed to specific household type demand subdi-

vided per housing type, thus making use of the ‘per_HH’ claim set. 

 

2.4.5.1. Variant without budget restrictions 

This variants builds on the variant discussed in 2.4.3, which allocates the nine heterogeneous development 

options restricted by total household demand. In this variant, the demand set is expanded to the 13 household 

types (‘per_HH’ claim set). Moreover, allocation is not discrete anymore, but continuous instead.  
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The modelled prices are used, but lowered when supply is too high, in order to bring down supply. Further-

more, utility per housing type is defined as the initial selling price and house seekers prefer higher utility 

housing.   

 

2.4.5.2. Variant with budget restrictions 

With the previous variants, we assume that the modelled prices for new constructed residents can be financed 

by house seekers. The modelled prices are based on observed recent NVM transactions and one can question 

if all house seekers can finance such prices as the recent NVM transactions only represent new residents that 

did buy a house and not renters nor families that did not buy a new house. 

 

In order to investigate to what extent the modelled prices can be financed, we took the distribution of taxable 

yearly income according to WoON 2015 (anonymously taken from the BRI) and assume that future resident 

seekers have the same income distribution. For this, we ordered the WoON observations on taxable income 

and took the nine values at 10%, 20%, … 90% of the observation per household type. For each household type 

we defined nine actor types representing different income classes within that household type. 

 

We optimistically assume that families can finance a house price of six times their annual income or at least 

can afford a rent of 710.68 euro per month (the current maximum rent for which one can obtain a low-income 

compensation, in Dutch huurtoeslag) for a dwelling let by a social housing association that requires an annual 

rent yield of 5% of the invested capital to cover capital charges, maintenance and management, resulting in a 

budget of 170,606.40 euro per dwelling. 

 

An allocation mechanism has been implemented that starts with calculating an actor type utility per building 

type per location based on the modelled price with a discount for family-type-building-type dispreferencs and 

(to be implemented) family-type-location dispreferences. Thus, this utility is less or equal to the modelled 

prices. Actor-type-specific augmentations (shadow prices) are initially set to zero. 

 

Then for each iteration: 

- a bid price is determined for each actor type and building type on each potential location, taking into 

account its original utility, current actor type augmentation, and budget 

- a share or probability of each actor type in each building type per potential location is determined 

proportional to ebeta_alloc * bidPrice with beta_alloc as transaction price sensitivity, currently set to 1/40,000 

euro per dwelling, where not selling a building is also a possibility with probability proportional to 

e0. 

- For each location and each of the nine heterogeneous development options, the total yield is calculated 

according to the building densities and their expected sale price; the costs of development is assumed 

to remain the same as in the first allocation approach, including the costs of eviction. 
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- A probability/fraction is given to each development option and “no transformation” for each location 

proportional to (beta_op*yield) with beta_op is an adjustable yield response parameter, now set at: 

100,000 euro per hectare. 

- number of allocated residents per actor type is calculated based on the expected new buildings and 

the shares of each actor type therein. 

- Based on the mismatch with the number of housing seekers per actor type, their augmentation is 

raised or lowered, but never above zero. 

 

This iteration is performed (and augmentations per actor type altered) until an equilibrium is found between 

residential construction and residential occupation. In the first iteration, when the modelled prices are as-

sumed, typically more developments are assumed that demand can buy. Then lowering prices might still 

remain be high enough that sufficient development can be financed for most or all residence seekers, or bid-

ding prices (of at least some of the actor types) may remain so low that demanded development cannot be 

financed. Note that currently the expropriation costs are not lowered when sale prices are lowered. 

 

Lack of market separation 

When a high-income actor and a low-income actor are bidding in the same housing market of, say, 2 resi-

dences, the situation can arise that comparable houses cannot differ in price more than a certain D. D is the 

high-income price of the utility difference, and as the high-income family might still buy the low-priced house 

as (extra) residence when that would save them more that D. When the low-income family has budget X, the 

residence with the higher utility cannot be priced more that X+D as else it would not be sold at all. This limits 

the ability of project developers to earn more by price differentiation. The current Dutch housing market does 

however allow for such price differentiation as municipalities can reserve residence permits for low-priced 

houses (distributie-woningen) for low-income households. 
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3. Preliminary results 

In this chapter we will present the preliminary results based on the input described in this report. We would 

like to emphasise that many improvements will be made to the input data. Like, for example, more accurate 

housing value data (WOZ) and the inclusion of exploitation costs. 

3.1. Environmental and planning restrictions 

Figure 2 shows the environmental and planning restrictions as selected by PBL Netherland Environmental 

Assessment Agency.  

 

 

 

  

Figure 2: Environmental and planning restrictions used in the study, zoomed-in to the Amsterdam area 
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3.2. Evidently-used sites 

The evidently-used sites are shown in Figure 3. These are sites where no development will occur. 

 

 

 

  

Figure 3: Evidently-used sites, zoomed-in to the Amsterdam area 
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3.3. Housing opportunities per location and transformation option 

3.3.1. Hedonic Price Index 

In Table 7 the results of the location-specific hedonic price analysis are shown. Most of the coefficients are 

what one would expect. For example, if the floor area of a single-family house would increase by 1%, its price 

would increase with 0.739%. Furthermore, the number of rooms has a positive effect on the price for single-

family housing, while it has a negative effect on the price of multi-family housing. In the analysis, transaction 

year dummies, construction period dummies and house type dummies are included. The explanatory power 

is for both specifications not exceptionally high, mostly because we do not include region fixed effect, which 

is quite common practice. However, we did consciously decide not to include them, in order to explain spatial 

variation in a higher spatial detail. As an illustration of the what can be done with these results, the price (in 

2017-euros) for a typical terraced house is plotted in a map in Figure 4.  

 

Table 7: Results hedonic price index 

VARIABLES 
Single-family Multi-family 

Log price Log price  

      

Log size (in m2) 0.739*** 0.780*** 

Log lot size (in m2) 0.131***  

Number of rooms 0.013*** -0.014*** 

Number of bathrooms 0.117*** 0.179*** 

Property has central heating 0.067*** 0.067*** 

Maintenance state is good 0.140*** 0.160*** 

Complete isolation present 0.035*** 0.044*** 

Private parking present 0.051*** 0.129*** 

Building is high-rise  0.043*** 

Building type: semi-detached 0.067***  

Building type: detached 0.132***  

Buyer's costs present -0.064*** -0.054*** 

Leasehold present -0.005*** 0.0212*** 

Log travel time to 100.000 inhabitants (in min) -0.288*** -0.145*** 

Travel time to train stations (in min, cut off at 15 min) 0.004*** 0.005*** 

Urban Attractivity Index 1.009*** 1.023*** 

   

Constant 8.447*** 8.454*** 

   

Observations 1,621,504 720,532 

   

R-squared 0.643 0.631 

Year FE Yes Yes 

Transaction year >= 2000 Yes Yes 

Construction period dummy's Yes Yes 

House type dummy's Yes Yes 

*** p<0.01, ** p<0.05, * p<0.1 
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Figure 4:  Modelled price for a typical terraced housing unit using national average character-

istics 
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3.3.2. Cluster Analysis 

In Figure 5 we plot the  for a range of solutions. Here the  hardly increases after k = 7, which indicates that 7 is 

the optimal amount of clusters.  

 

 

We also performed the analysis using the DBSCAN method, again using varying parameters. Epsilon of 40 and 

MinP of 25 gave the best results. However, these results are almost the same as the generated clusters from 

the k-means method. Due to the simplicity of the k-means method, we use the results from this method in the 

rest of this research.  

 

Table 8: Cluster analysis results 

Variable Clus. 1 Clus. 2 Clus. 3 Clus. 4 Clus. 5 Clus. 6 Clus. 7 

Density 12 39 23 5 58 25 11 

Fraction terraced 0.17 0.17 0.43 0.12 0.22 0.73 0.19 

Fraction semi-detached 0.51 0.10 0.18 0.10 0.09 0.09 0.22 

Fraction detached 0.16 0.10 0.16 0.66 0.08 0.08 0.38 

Fraction apartment 0.15 0.64 0.23 0.12 0.61 0.10 0.20 

Area terraced 142 133 137 161 137 136 148 

Area semi-detached 171 153 157 177 161 161 167 

Area detached 197 203 198 261 214 200 207 

Area apartment 143 105 110 209 103 113 156 

Number of semi-high-rise 1 0 0 9 2141 41 0 

Number of high-rise 1 248 12 0 0 7 2 

 

The results from the k-means cluster analysis are shown in Table 8. However, we need to simplify these results 

to be easier to use. Moreover, we want to add two more categories. Two categories that represent two less 

common but occurring development options: higher density apartments (Table 9).  

 

Figure 5: Plot showing the  for a range of k-solutions to determine the optimal amount of clusters k 

0

5
0
0
0
1
0
0
0
01

5
0
0
02

0
0
0
02

5
0
0
0

W
S

S

0 2 4 6 8 10 12 14 16 18 20
k

7
.5

8
8
.5

9
9
.5

1
0

lo
g
(W

S
S

)

0 2 4 6 8 10 12 14 16 18 20
k

0
.2

.4
.6

.8
1

e
ta

-s
q
u
a
re

d

0 2 4 6 8 10 12 14 16 18 20
k

-.
5

0
.5

P
R

E

0 2 4 6 8 10 12 14 16 18 20
k



 

The financial feasibility of residential development options in the existing city 

24 

 

Table 9: Simplified clusters including two additional higher density apartment clusters 

Variable Mixed 
terra-
ced 

Mixed 
semi-
det. 

Mixed 
deta-
ched 

Terra-
ced 

Terra-
ced HD 

Deta-
ched 

App. 
SHR 

App. LD 
HR 

App. 
HD 
HR 

Density 23 12 11 25 50 5 60 40 200 

Number of terraced 10 2 2 25 50 0 0 0 0 

Number of semi-deta-
ched 

4 6 3 0 0 0 0 0 0 

Number of detached 4 2 4 0 0 5 0 0 0 

Number of apartment 5 2 2 0 0 0 60 40 200 

Area terraced 137 142 148 136 136 - - - - 

Area semi-detached 157 171 167 - - - - - - 

Area detached 198 197 207 - - 261 - - - 

Area apartment 110 143 156 - - - 103 105 80 

Semi-high-rise No No No No No No Yes No No 

High-rise No No No No No No No Yes Yes 

 

3.3.3. Revenue of alternative development options 

The following figure shows the potential revenue for three development options. In the three pictures the 

same legend scale is used. It clearly depicts the influence of density on the total revenue per hectare.  

 

 

  

Apartment high-rise 

(200 per ha) 
 

Terraced housing 

(25 per ha) 
 

Detached housing 

(5 per ha) 
 

Figure 6: Potential revenue per hectare per development option zoomed-in to the Amsterdam area 
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3.3.4. Acquirement costs 

In Figure 7 the modelled acquirement costs for all current real-estate is shown. Evidently this closely relates 

the density of real-estate. The currently used method work relatively well for housing, but uses fixed values 

for all other uses. Which can be seen in the Amsterdam harbour in the upper left area in the map below.  

 

 

 

 

 

 

  

Figure 7: Acquirement costs of all current real-estate in euro per hectare zoomed-in to the Amsterdam area 
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3.3.5. Demolishment costs 

The figure below shows the demolishment costs of current real-estate. It resembles the previous figure depict-

ing the acquirement costs. Note that the demolishment costs for other uses are lacking in the figure. 

 

  

 

  

Figure 8: Demolishing costs of all current real-estate in euro per hectare zoomed-in to the Amsterdam area 
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3.3.6. Building costs of development options 

Figure 9 depicts the regional influences on the building costs, the costs are higher in larger cities and on islands. 

Whereas border regions exhibit lower costs. This figure shows the modelled construction costs for a typical 

terraced house.  

 

 

 

 

  

Figure 9: Construction costs for a terraced house based on national average characteristics 
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3.3.7. Profit per hectare: potential densification locations 

The following figures show for three development options where positive profits per hectare can be realised. 

Again it clearly expresses the influence of density on the profitability: higher density yields a higher profit, 

making more locations attractive for redevelopment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 10: Positive profit per ha - detached housing (5/ha) Figure 11: Positive profit per ha - terraced housing (25/ha) 

Figure 12: Positive profit per ha - apartments (200/ha) 
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3.4. Regional feasibility of housing demand 

3.4.1. Transformation into nine development options 

The three figures in the previous sub-section show the positive profits per hectare for three of the nine devel-

opment options. For each of those grid-cells, development is possible and counts towards realising the re-

gional demand. The following table shows the claim realisation per development option, this is the percentage 

of the demand that is possible to realise in each COROP-region. It shows that if the density of the development 

option is high enough it always possible to satisfy the demand. But for lower densities, it is often not possible, 

within the constraints imposed in this research. 
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Table 10: Claim realisation per development option per COROP-region 

COROP Name 
Mixed 
terr. 

Mixed 
semi-
det. 

Mixed 
det. 

Terr. Terr. 
HD 

Det. App. 
SHR 

App. 
LD HR 

App. 
HD 
HR 

Oost Groningen 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Delfzijl en omgeving 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Overig Groningen 89% 38% 7% 100% 100% 12% 100% 100% 100% 

Noord Friesland 100% 47% 7% 100% 100% 13% 100% 100% 100% 

Zuidwest Friesland 61% 23% 3% 100% 100% 7% 100% 100% 100% 

Zuidoost Friesland 100% 51% 9% 100% 100% 15% 100% 100% 100% 

Noord Drenthe 100% 63% 11% 100% 100% 17% 100% 100% 100% 

Zuidoost Drenthe 100% 100% 57% 100% 100% 92% 100% 100% 100% 

Zuidwest Drenthe 100% 44% 9% 100% 100% 15% 100% 100% 100% 

Noord Overijssel 67% 30% 6% 100% 100% 10% 100% 100% 100% 

Zuidwest Overijssel 82% 36% 6% 100% 100% 11% 100% 100% 100% 

Twente 100% 49% 8% 100% 100% 15% 100% 100% 100% 

Veluwe 99% 44% 7% 100% 100% 13% 100% 100% 100% 

Achterhoek 96% 39% 6% 100% 100% 11% 100% 100% 100% 

Arnhem Nijmegen 50% 22% 4% 93% 100% 7% 100% 100% 100% 

Zuidwest Gelderland 53% 21% 3% 100% 100% 5% 100% 100% 100% 

Utrecht 21% 10% 2% 39% 100% 3% 100% 100% 100% 

Kop van Noord Holland 47% 18% 3% 87% 100% 5% 100% 100% 100% 

Alkmaar en omgeving 65% 27% 4% 100% 100% 8% 100% 100% 100% 

IJmond 35% 16% 3% 67% 100% 5% 100% 100% 100% 

Aggl. Haarlem 27% 13% 2% 48% 100% 4% 100% 100% 100% 

Zaanstreek 12% 5% 1% 23% 100% 2% 100% 61% 100% 

Groot Amsterdam 8% 4% 1% 15% 98% 1% 100% 40% 100% 

Het Gooi en Vechtstreek 64% 31% 5% 100% 100% 8% 100% 100% 100% 

Aggl. Leiden en Bollenstreek 29% 14% 3% 53% 100% 5% 100% 100% 100% 

Aggl. ‘s Gravenhage 16% 8% 2% 29% 100% 3% 100% 64% 100% 

Delft en Westland 25% 13% 3% 45% 100% 5% 100% 100% 100% 

Oost Zuid Holland 16% 7% 1% 30% 100% 2% 100% 99% 100% 

Groot Rijnmond 25% 11% 2% 46% 100% 4% 100% 100% 100% 

Zuidoost Zuid Holland 32% 15% 3% 57% 100% 6% 100% 100% 100% 

Zeeuwsch Vlaanderen 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Overig Zeeland 100% 84% 12% 100% 100% 22% 100% 100% 100% 

West Noord Brabant 81% 36% 7% 100% 100% 12% 100% 100% 100% 

Midden Noord Brabant 69% 29% 5% 100% 100% 10% 100% 100% 100% 

Noordoost Noord Brabant 75% 32% 6% 100% 100% 10% 100% 100% 100% 

Zuidoost Noord Brabant 74% 32% 5% 100% 100% 9% 100% 100% 100% 

Noord Limburg 100% 50% 9% 100% 100% 15% 100% 100% 100% 

Midden Limburg 100% 58% 9% 100% 100% 16% 100% 100% 100% 

Zuid Limburg 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Flevoland 54% 24% 5% 93% 100% 9% 100% 100% 100% 
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3.4.2. Allocation of the nine development options over total household demand 

Because this variant does not utilise a household type-specific demand set, only the development option 
with the highest profit will be constructed: the high-density apartments.  
 
3.4.3. Allocation of four homogeneous housing type-development options 

In this section, we will present the results of the two variants of the allocation of homogeneous development 

options. 

3.4.3.1. Variant of the short-sighted private developer 

This variant’s result depicts a seemingly random distribution of terraced housing and apartment across the 

city. Whereas detached housing occurs exclusively outside the cites. 

 

 

 

  

Figure 13: Allocation result of the 'Private Developer'-variant, zoomed-in to the Amsterdam area 
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Table 11: Claim realisation of 'Private Developer'-variant 

  

COROP Name 
Detached Semi-deta-

ched 
Terraced Apartments 

Oost Groningen - - - - 
Delfzijl en omgeving - - - - 
Overig Groningen 100% 100% 100% 100% 
Noord Friesland 100% 64% 100% 100% 
Zuidwest Friesland 97% 0% 100% 100% 
Zuidoost Friesland 100% 82% 100% 100% 
Noord Drenthe 100% 100% 100% 100% 
Zuidoost Drenthe 100% 100% 100% 100% 
Zuidwest Drenthe 100% 100% 100% 100% 
Noord Overijssel 100% 100% 100% 100% 
Zuidwest Overijssel 100% 100% 100% 100% 
Twente 100% 100% 100% 100% 
Veluwe 100% 71% 100% 100% 
Achterhoek 100% 100% 100% 100% 
Arnhem Nijmegen 100% 100% 100% 100% 
Zuidwest Gelderland 55% 0% 100% 100% 
Utrecht 39% 0% 100% 100% 
Kop van Noord Holland 96% 23% 100% 100% 
Alkmaar en omgeving 100% 100% 100% 100% 
IJmond 95% 59% 100% 100% 
Aggl. Haarlem 71% 0% 100% 100% 
Zaanstreek 19% 0% 100% 100% 
Groot Amsterdam 4% 0% 100% 100% 
Het Gooi en Vechtstreek 98% 66% 100% 100% 
Aggl. Leiden en Bollenstreek 64% 0% 100% 100% 
Aggl. ‘s Gravenhage 100% 100% 100% 100% 
Delft en Westland 6% 0% 100% 100% 
Oost Zuid Holland 5% 0% 100% 100% 
Groot Rijnmond 100% 100% 100% 100% 
Zuidoost Zuid Holland 100% 75% 100% 100% 
Zeeuwsch Vlaanderen - - - - 
Overig Zeeland 100% 100% 100% 100% 
West Noord Brabant 100% 100% 100% 100% 
Midden Noord Brabant 99% 67% 100% 100% 
Noordoost Noord Brabant 98% 37% 100% 100% 
Zuidoost Noord Brabant 100% 72% 100% 100% 
Noord Limburg 100% 100% 100% 100% 
Midden Limburg 100% 100% 100% 100% 
Zuid Limburg - - - 100% 
Flevoland 100% 100% 100% 100% 
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3.4.3.2. Variant of the benevolent leader 

Whereas the previous variant showed terraced housing and apartments mixed throughout the city, this vari-

ant shows a more laminated result. Terraced housing closer to the city center, followed by apartments and 

detached outside the city. This distribution yield the highest overall profits.  

 

 

 

 

  

Figure 14: Allocation result of the 'Benevolent Leader'-variant, zoomed-in to the Amsterdam area 
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Table 12: Claim realisation of 'Benevolent Leader'-variant 

 
  

COROP Name 
Detached Semi-deta-

ched 
Terraced Apartments 

Oost Groningen - - - - 
Delfzijl en omgeving - - - - 
Overig Groningen 100% 100% 100% 100% 
Noord Friesland 94% 91% 100% 100% 
Zuidwest Friesland 89% 32% 100% 100% 
Zuidoost Friesland 100% 92% 100% 100% 
Noord Drenthe 100% 100% 100% 100% 
Zuidoost Drenthe 100% 100% 100% 100% 
Zuidwest Drenthe 100% 100% 100% 100% 
Noord Overijssel 100% 100% 100% 100% 
Zuidwest Overijssel 100% 100% 100% 100% 
Twente 100% 100% 100% 100% 
Veluwe 96% 92% 100% 100% 
Achterhoek 100% 100% 100% 100% 
Arnhem Nijmegen 100% 100% 100% 100% 
Zuidwest Gelderland 57% 0% 100% 100% 
Utrecht 51% 0% 100% 100% 
Kop van Noord Holland 83% 82% 100% 100% 
Alkmaar en omgeving 100% 100% 100% 100% 
IJmond 85% 83% 100% 100% 
Aggl. Haarlem 67% 50% 100% 100% 
Zaanstreek 31% 0% 100% 100% 
Groot Amsterdam 31% 0% 100% 100% 
Het Gooi en Vechtstreek 91% 82% 100% 100% 
Aggl. Leiden en Bollenstreek 75% 5% 100% 100% 
Aggl. ‘s Gravenhage 100% 100% 100% 100% 
Delft en Westland 19% 0% 100% 100% 
Oost Zuid Holland 15% 0% 100% 100% 
Groot Rijnmond 100% 100% 100% 100% 
Zuidoost Zuid Holland 99% 85% 100% 100% 
Zeeuwsch Vlaanderen - - - - 
Overig Zeeland 100% 100% 100% 100% 
West Noord Brabant 100% 100% 100% 100% 
Midden Noord Brabant 95% 87% 100% 100% 
Noordoost Noord Brabant 86% 85% 100% 100% 
Zuidoost Noord Brabant 96% 93% 100% 100% 
Noord Limburg 100% 100% 100% 100% 
Midden Limburg 100% 100% 100% 100% 
Zuid Limburg - - - 100% 
Flevoland 100% 100% 100% 100% 
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3.4.3.3. Comparison of the two variants 

The two variants represent two perspectives on how to approach development decisions. The benevolent leader 

variant tries to maximise regional profits while optimising demand. And the private developer variant maxim-

ises profits per hectare, constraint by regional demand. As we expected, the method of the benevolent leader 

results in a higher aggregated profit (211 billion vs 207 billion) combined with a higher claim realisation (sum 

of claim percentages 129.2 vs 125.6). 

 
 
3.4.4. Allocation of the nine development options with matching dependent on income 

3.4.4.1. Variant without budget restrictions 

Results indicate that the demand in 2030 are met in all regions. However, these preliminary results indicate 

that the outcomes are underestimated due to the omission of competition for other land uses. In other words, 

there are too many potential locations, which result in more lower  density developments. When the demand 

is doubled, the number of higher-density development options increases twenty-fold. Remember that this and 

the next variant use continuous allocation opposed to discrete allocation as in previous variants. Which means 

that the following two figures show the dominant development option per hectare, which could mean that 

there is 0.2 hectare of high-density terraced housing and 0.8 hectare of high-density high-rise apartments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15: Results from the variant without budget restriction. Depicting the dominant development option 
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3.4.4.2. Variant with budget restrictions 

Preliminary results indicate that when household’s budget is restricted, smaller high-density houses are con-

structed compared with the variant without budget restrictions.  

 

 

 

 
 
 
 
 
 
  

Figure 16: Results from the variant with budget restriction. Depicting the dominant development option 
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4. Sensitivity analysis 

An important argument against the inner-city construction is that it can affect the existing ‘liveability’ of the 

city. This often concerns the development of sports grounds, allotment gardens, or high-rise buildings in the 

vicinity of low-rise buildings. We do not address this issue of existing ‘qualities’. The fact is that the preserva-

tion of these can significantly reduce housing opportunities and that the local choices about this are uncertain. 

Just as in the previous study, these forms of urban green are initially considered restricted. Moreover, we 

initially imply building height restrictions and housing density maximum restrictions. In a to be conducted 

sensitivity analysis, we can relax these constraints.  

 

Moreover, we use three scenarios related to the regional demand:  

- growth occurs in more urban regions 

- growth occurs in non-urban regions 

- growth occurs according to the WLO-high scenario 

 

And we use three scenarios related to the policy of where to build the houses: 

- within urban contours 

- outside urban contours 

- no restriction 

 
 

5. Preliminary conclusions 

We can make some preliminary conclusions based on the current data at hand, which stipulate the different 

methods of allocation in increasing complexity. The first method builds the entire country with each of the 

nine development options, it shows that we can build the total housing demand within the existing urban 

fabric, but only if we are building at a certain high enough density and do not take regional demand into 

account. When we do take regional demand into account we distinguish two perspectives from which to de-

velop: that from a benevolent leader and of a short-sighted private developer. The first maximises regional profits 

while optimising demand, while the latter, maximises profits per hectare constraint by regional demand. In 

both variants, many regional demands are not met, and only the most profiting housing type demand will be 

met. While the achieved demand realisation in the benevolent leader-variant is highest. However, these ap-

proaches do not account for income and household types demand. When we insert household type demand 

for housing types with an unrestricted budget we see mostly high-density terraced housing being built com-

bined with detached housing while the demands are met. However, when we restrict household income to 

their actual income we see that the amount of high-density high-rise apartments increase and detached hous-

ing diminishes. Giving a more realistic outcomes, since this incorporates what households can actually afford. 
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6. Next steps 

Possible improvements: 

- Model effect of market separation and price differentiation 

- See how allowing for development outside the existing built environment affect sale prices and there-

fore the feasibility of development inside the built environment. 

- (Generic development options) costs and income from non-residential buildings 

- (Generic development options) costs of site preparation (sewage, soil remediation) 

- (Generic allocation) claims for non-residential activities. 

- Allocation of building blocks/parcels. 

- Incremental allocation using different time steps using dynamic suitability. 
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8. Appendices 

8.1. List of maps with project path name 

These path names are based on revision 5599. 

 

Figure 2:  Analysis/ExAnteNOVI/Results/S_0/BAU/Zeef/Restricties_viewport 

Figure 3:  Analysis/ExAnteNOVI/Results/S_0/BAU/Zeef/EvidentBenut_viewport 

Figure 7:  Analysis/ExAnteNOVI/Results/S_0/BAU/PerTPK/BinnenBbg/Verwervingskosten/totaal 

Figure 8:  Analysis/ExAnteNOVI/Results/S_0/BAU/PerTPK/BinnenBbg/Sloopkosten/total 

Figure 10:    Analysis/ExAnteNOVI/Results/S_0/BAU/PerTPK/BinnenBbg/Saldi/ZonderSubsi-

die/PerOntwikkelpakket/Winst/Positief/Vrij 

Figure 11: Analysis/ExAnteNOVI/Results/S_0/BAU/PerTPK/BinnenBbg/Saldi/ZonderSubsi-

die/PerOntwikkelpakket/Winst/Positief/Rij 

Figure 12:  Analysis/ExAnteNOVI/Results/S_0/BAU/PerTPK/BinnenBbg/Saldi/ZonderSubsi-

die/PerOntwikkelpakket/Winst/Positief/App_HD_hoog 

Figure 13:  Analysis/ExAnteNOVI/Results/S_0/BAU/PerTPK/BinnenBbg/Allocatie/NaarWP4/Fi-

nalResults/Ontwikkelaar/ResultingChanges 

Figure 14: Analysis/ExAnteNOVI/Results/S_0/BAU/PerTPK/BinnenBbg/Allocatie/NaarWP4/Fi-

nalResults/BenevolentLeader/ResultingChanges 

Figure 15: Analysis/ExAnteNOVI/Results/S_0/BAU/PerTPK/BinnenBbg/Allocatie/HhtSpeci-

fiek/FormalDemand/Iters/I2/hoeveelheid_PerOP/highest_above_theshold 

Figure 16: Analysis/ExAnteNOVI/Results/S_0/BAU/PerTPK/BinnenBbg/Allocatie/HhtSpeci-

fiek/RestrictedBudget/Iters/I2/hoeveelheid_PerOP/highest_above_theshold 

 

8.2. Urban Attractivity Index 

The original Urban Attractivity Index (UAI) was made in 2004 by Jasper Dekkers based on data from 2002 at 

spatial resolution of 500 meter. An actualisation of this index was desirable, with an important addition that 

this new version could be easily updated or even be dynamically implemented in a model environment. The 

originally used dataset are not regularly updated or even remotely recent, which is why we have looked for 

alternatives. For this purpose we have chosen the Dutch Registry of Buildings and Addresses (BAG), this da-

taset contains all the buildings in the Netherlands with its functions. Unfortunately, these functions do not 

match with the function in the original dataset. Notwithstanding, we have tried to keep the approach as close 

to the original as possible, or where necessary substantiated deviated. 
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8.2.1. Definition 

The degree of urban attractivity is here defined as being dependent of: 

- Shopping services 

- Meeting and accommodation services 

- Monumentality  

 

In the original UAI was this: cultural-, shopping- and catering services, and monumentality. Unfortunately, 

the used housing dataset does not make the distinction between cultural and catering services. Which is why 

the meeting and accommodation services are merged together. These contain: use functions for the coming 

together of people for art, culture, religion, communication, childcare, providing consumptions for on-site use, 

watching sports and functions for providing recreational accommodation or temporary shelter for people. 

 

8.2.2. Method 

For this analysis we used a snapshot of the housing dataset of januray 1st 2018, based on a selection of housing 

units in line the Dutch Statistical Agency. Object status is ‘object in gebruik’, ‘object in gebruik (niet inge-

meten)’, ‘object niet in gebruik’.  The analysis will be performed at a spatial resolution of 100 meters.  

 

8.2.2.1. Shopping services 

The objects with a shopping function are summed per 100 meter grid cell. Then the a distance kernel is used 

to assess how many shopping units there are located in surrounding cells. For this purpose we used a kernel 

distance of 5000 meter with a distance decay function 1/d2. Subsequently is the result normalised, and divided 

by three, because the index is constructed from three parts that equally account toward the final result. The 

distance kernel used in the original was 1, 0.5, 0.25. 

8.2.2.2. Meeting and accommodation services 

The objects with a meeting or accommodation function are summed per 100 meter grid cell. Then the a dis-

tance kernel is used to assess how many shopping units there are located in surrounding cells. For this purpose 

we used a kernel distance of 5000 meter with a distance decay function 1/d2. Subsequently is the result nor-

malised, and divided by three, because the index is constructed from three parts that equally account toward 

the final result. The original UAI did not consider its surroundings concerning catering services, it did consider 

it for cultural services, again with a distance kernel of 1, 0.5, 0.25. 

 

8.2.2.3. Monumentality 

In order to determine the amount monumental buildings in a grid cell, we need the building year for each 

building. However, the building data set does not always contain a building year, or a correct building year. 

For instance the values under 1000 are incorrect, just as the values after 2018. The values between 1000 and 
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1600 are often coded for building built before 1600. All values before 1000 and after 2018 are recoded to No-

Data. Then all values before 1600 are recoded to 1600. From this adapted set of building years we count per 

grid cell the buildings with a building year before or equal to 1900.  

 

Following that, a distance kernel is used to assess how many monumental buildings there are located in sur-

rounding cells. For this purpose we used a kernel distance of 5000 meter with a distance decay function 1/d2. 

Subsequently is the result normalised, and divided by three, because the index is constructed from three parts 

that equally account toward the final result. In the original, the percentage monumental building of the total 

amount of buildings was calculated, while omitting all grid cells outside the urban contours of 2000. However, 

if a grid cell contains three buildings that are all monumental, the cell gets the highest values for monumen-

tality assigned. While a cell with 100 monumental buildings and 100 building from 1910 gets the value 0.5, it 

shows that the amount of buildings should play a role in the calculation. Moreover, in the original the sur-

rounding were not included in the calculation. Although in reality, the proximity to monumental buildings is 

a relevant factor for the attractiveness of a location. 

 

8.2.2.4. Combination 

Finally, the three normalised values are summed up, where one is the theoretical maximum. 

 

 

 

 

 


