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Executive summary 
 

This report shows the results of fine-grained 

data analyses of residential property trans-

actions and private rental supply in the mu-

nicipality of Amsterdam. The analyses follow 

from a collaboration in the form of a City 

Lab between the Joint Research Centre’s 

(JRCs) LUISA team, and the City of Amster-

dam’s City Strategy team, and its depart-

ment of Research and Statistics.  

  

Between 2015 and 2018, average house 

prices in Amsterdam significantly increased. 

In that same period, the share of social 

rental housing decreased, while the private 

rental market expanded, and rents in-

creased. Also, investments in housing in-

creased, particularly showing growth in 

ownership by large professional inves-

tors, such as private equity and pension 

funds. In some areas of the city only 

one out of five buyers is a private inves-

tor. These developments sparked concern 

over housing affordability, especially for 

the middle class incomes that are not eligi-

ble for social housing, nor have the financial 

backing most investors have.  

 

The main objective of this report is to gain 

insight in the spatial dynamics of Amster-

dam’s housing market, and to uncover the 

driving factors behind the city’s spiraling-up 

house and rental prices, in order to provide 

empirical support to the further development 

of an inclusive and accessible housing mar-

ket. 

 

The analyses are based on a number of data 

sources. First, transaction data from 

2015, containing information on the trans-

actions of 10,958 houses located within the 

municipality. Second, rental offerings col-

lected from the Dutch private rental plat-

form Pararius.com. Third, income data from 

the National Bureau of Statistics (CBS). And 

finally, several thematic data layers that 

have been created in the context of the 

JRC’s LUISA territorial modelling platform.   

  

Two main findings are distinguished. First, 

analyses indicate that Amsterdam house 

prices are mainly driven by location, aesthet-

ic, and buyer type. Closer proximity to the 

city centre, older buildings, and private in-

vestors and companies, are the main deter-

minants behind higher prices.  Moreover, 

about 45% of the sold floor space seems to 

have been purchased for capital gains. 
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The second main finding is that looking at 

asking prices, it is suggested that Amster-

dam’s middle income households would po-

tentially need to spend a higher share of 

their incomes on long-term rents, 

in comparison to middle in-

come households at country level. For Am-

sterdam’s middle income households, ask-

ing prices reflect rents that would be consid-

ered highly ‘overburdened’, indicat-

ing low housing affordability.  

 

This suggests that middle-income house-

holds looking for alternative rental housing 

(e.g. for family expansion) are less likely to 

find housing in the city, and more likely to 

move out, although more detailed analysis 

should further determine this.  

  

While further research is needed, this 

study provides more insight into the main 

determinants (and possible interactions) in-

fluencing Amsterdam house prices, while al-

so shedding light on housing affordabil-

ity. Depending on data availability, the 

methodological workflow presented in this 

report can be adapted and replicated for 

other cities, enabling comparison and provid-

ing additional case studies.   
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1 Introduction  
 

This report shows the results of fine-grained 

data analyses of residential property trans-

actions, and private rental supply in the mu-

nicipality of Amsterdam. The analyses follow 

from a collaboration in the form of a City 

Lab between the Joint Research Centre’s 

(JRCs) LUISA team, and the City of Amster-

dam’s City Strategy team, and its depart-

ment of Research and Statistics. The over-

arching goals are to gain insight in the spa-

tial dynamics of Amsterdam’s housing mar-

ket, and to uncover the driving factors behind 

the city’s spiraling-up house prices. 

 

Similar to various other EU cities, Amsterdam 

has experienced a large increase in house 

prices over the past decade, raising concerns 

over housing affordability. In response, cities 

have implemented policies to support hous-

ing affordability, such as more strict regula-

tion of short-term rental accommodations. At 

the same time, many cities are still trying to 

design, develop and implement policies in 

support of an inclusive and affordable hous-

ing market. This report aims to support such 

efforts, providing several empirical analyses 

that shed more light on the housing market 

dynamics.  

 

A number of data sources are used for the 

presented analyses. Property transactions 

are explored using 2015 transaction data, 

which contains information on the transac-

tions of 10,958 houses located within the 

municipality. In addition, rental offerings 

were collected from the Dutch private rental 

platform Pararius.com. These data are ex-

plored in conjunction with income data from 

the national bureau of statistics (CBS) and 

several thematic data layers that have been 

created in the context of the JRC’s LUISA ter-

ritorial modelling platform1. 

 

The report is structured as follows: The first 

section presents an exploratory analysis of 

the data at hand. The subsequent section 

discusses bi- and multivariate analyses con-

ducted to explain cross-sectional variance in 

house prices. The last section draws some 

                                           

1 The LUISA Territorial Modelling Platform is primarily 
used for an ex-ante evaluation of European Commis-
sion policies, to assess its direct or indirect territorial 
impact(s). This platform uses a substantial amount of 
fine resolution input data, which are constantly being 
gathered, harmonised and refined by the LUISA team. 
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general conclusions from the presented 

work.  

2 Data Exploration  

2.1 Mapping house prices  

The available data on residential property 

transactions includes information on the ge-

ographical location of the bought property, 

the transaction price, buyer characteristics 

and the total floor surface of the property. 

For the sake of comparability, house prices 

have been analysed as transaction sum per 

square meter (euro/m2). Figure 1a gives an 

overview of the spatial distribution of house 

prices in Amsterdam. Prices are clearly high-

er in the central part of the city area, which 

is constrained by the A10 ring way, and the 

main water body in the north (called het Bin-

nen-IJ) that separates the inner city from the 

northern part of the city. The house price 

map thus seems to reflect differences be-

tween the city’s inner and outer ring areas 

that are well known in Amsterdam, and often 

referred to in popular culture (UNSense 

2018a and 2018b). Figure 1b reflects the 

construction year for each house under anal-

ysis, showing that older houses are mainly 

located in the inner ring area. The similarity 

between both spatial patterns is an indica-

tion that both location and construction year 

are correlated with price per square meter, 

reflecting the city‘s historical growth. 

 

2.2 Discovering patterns in 
property ownership turnover  

One potentially relevant indicator to under-

stand housing markets is the turnover of 

Figure 1a: Amsterdam’s house prices spatial 
distribution for 2015.  

Figure 1b: Amsterdam’s house construction year 
distribution for 2015. 
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property. If one assumes that individuals 

buying a property to live in do so for the long 

run, high property turnover can be an indica-

tion of speculative investment with short-

term aims; the sort of investment often con-

sidered most detrimental to housing markets 

(Gilderbloom and Appelbaum, 1987). To bet-

ter understand the spatial dynamics of the 

Amsterdam housing market, turnover has 

been mapped and relevant turnover hotspots 

have been identified. For this end, all real es-

tate that is privately owned by natural per-

sons or companies and underwent at least 

one ownership change between 2007 and 

2017 has been mapped. Subsequently, the 

Getis Ord-Gi*2  statistic was computed to 

identify clusters of property change within a 

250 meter radius, indicating where turnover 

                                           

2  First, the Getis-Ord Gi* z-scores and p-values are calcu-
lated for each point in the dataset. Then, the tool looks 
at each point within the context of neighbouring points. 
To be a statistically significant hot spot, a feature will 
have a high value and be surrounded by other features 
with high values as well. The local sum for a feature 
and its neighbours is compared proportionally to the 
sum of all features; when the local sum is very differ-
ent from the expected local sum, and when that differ-
ence is too large to be the result of random chance, a 
statistically significant z-score indicates a high/low 
cluster. 

Figure 2. Clusters of ownership change in privately owned houses: 2007-2017.  
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is significantly higher or lower than a ran-

dom distribution of turnover would yield.  

Figure 2 shows properties that, in a 5% con-

fidence interval, are part of structurally high 

or low turnover clusters. Such clusters exist 

in Amsterdam, above all in the ‘West’ and 

‘Zuid’ boroughs of the city3. This is an indica-

tion that structural speculative investments 

occurred in the city. Such investments tar-

geted specific areas in the city and possibly 

were to the detriment of the local housing 

market.    

 

                                           

3  The red cluster identified in the recently built neighbor-
hood of IJburg (far right side, in the middle) is most 
likely based on transactions that served to buy newly 
constructed housing, and does not necessarily point to 
turnover.  

2.3 Breaking down transactions 
by buyer type  

To gain new insight in buyer types (and their 

motives) on the market, customer segmenta-

tion was applied to the dataset. Hereby the 

customer base is divided into groups of indi-

viduals that are similar in specific ways. Four 

variables were used to construct clusters of 

buyer types. Those variables indicate:  

1) Type of residence of the buyer;  

2) Whether the buyer and/or seller are a nat-

ural person, or company;  

3) The number of lots (parcels of real prop-

erty/immovable property) owned by the buy-

er and seller;  

4) Classification of buyer and seller type, 

pre-compiled by the municipality of Amster-

dam. Table 1 depicts the four main buyer 

clusters that were identified.  

 

Table 1. Buyer types and corresponding characteristics 
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Clusters 1 and 2 concern natural persons, 

registered as a resident in Amsterdam, and 

with unknown or a limited amount of hous-

ing units (between 1 and 9) owned prior to 

the registered purchase4. These are consid-

ered mainly ‘regular’ home-owners, including 

some small portfolio private investors. Clus-

ter 3 represents natural persons, not residing 

in Amsterdam and owning a medium sized 

portfolio (between 10 and 25 units). Cluster 

4 consists of companies that are not regis-

tered in Amsterdam. In fact, only 9 of the 

over 15,000 analysed transactions con-

cerned purchases by companies registered in 

Amsterdam. Clusters 1 and 2 are considered 

largely representative for individuals buying 

a house to live in, including some smaller 

portfolio private investors; while clusters 3 

and 4 are considered representative for pur-

chases done exclusively for capital gains. It 

is acknowledged that this is a rough esti-

mate of buyer type, as motives for purchase 

are not registered. Furthermore, it should be 

noted that, as with other cities, often there is 

missing information concerning buyers, so 

                                           

4  The housing input data with the buyer characteristics 

was provided by Amsterdam municipality, including 
predefined classifications, such as the 1-9 parcel 
range. 

that in two out of the four cluster types at 

least one attribute is marked as unknown.  

The data clearly shows that Amsterdam res-

idents purchased housing units with a rela-

tively small surface. Housing units with small 

surfaces are relatively more expensive in 

terms of price per square meter. Companies 

and private owners bought larger surfaces at 

lower relative costs (price per square meter). 

These larger properties can also potentially 

be split into subunits and then used, resold 

or rented out. Some further computations 

learn that, between the buyer types identi-

fied in Table 1, only about 55% of the floor 

space sold in the city was purchased by peo-

ple buying a property to live in; while about 

45% of the sold floor space seems to have 

been purchased for capital gains. 

2.4 Long term rental and in-
come analysis  

From the previous results, it can be derived 

that a substantial part of the properties in 

Amsterdam are bought to let. This is not 

necessarily socially problematic if rental 

prices are affordable. However, it has re-

peatedly been noted that Amsterdam’s pri-

vate rental prices have rapidly become less 

affordable to most of its residents. To fur-

ther explore this assumption, this section ex-
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amines the ratio between long-term rent 

asking prices, and incomes in the postal code 

where the offered rental house is located.  

To do so, information has been collected for 

5,974 rental house advertisements from the 

Pararius.com5 website, and combined data 

indicating the average income per postal 

code and population shares per income, ob-

tained from the National Bureau of Statistics 

(cbs.nl).  

 

Figure 3 shows that, compared to the overall 

situation in the Netherlands, Amsterdam has 

a wider gap between the different income 

classes. 

 

Figure 3 Correlation Matrix for Amsterdam price/m2 

and spatial indicators. 

 

                                           

5  Asking prices on pararius.com are not necessarily the 
actual final rental prices agreed upon.     

The differences are larger for low-incomes, 

followed by medium and higher incomes. 

While the city’s highest incomes can afford 

the asked rents, and the city’s lowest in-

comes are often protected by social housing 

schemes and regulatory mechanisms, medi-

um incomes are largely overburdened by 

rental costs, with rents representing 63% of 

the city’s median income, while in general 

the (EU) overburden rate is defined as the 

percentage of people whereby the total 

housing costs is more than 40% of the dis-

posable income. This suggests that private 

rents have become unaffordable for Amster-

dam’s middle class, even though the highest 

overburden increase is on low incomes.   
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Table 2. Summary statistics of surrounding features and house characteristics. 

3 Explaining the drivers 

of house prices  

3.1 Looking at surrounding 
characteristics  

For each of the 10,958 observed house 

transactions, a further 13 variables describ-

ing locational features have been mapped. 

Those variables represent five general 

themes: Health, Education, Basic Services, 

Consumption & Recreation, and Transporta-

tion. These variables are based on a wide 

range of harmonised datasets created in the 

context of the LUISA platform, covering all 

EU Member States. In addition to the main 

themes, the variables can be further divided 

into either distance-based measures (e.g. 

distance to the closest facility) and density 

based measures (e.g. the number of facilities 

in a 500 meter range). These variables help 

characterise the neighborhood features sur-

rounding each property transacted. Table 2 

summarizes these features with distances 

expressed in meters, and house price in eu-

ros per m2.   

On average the studied houses are located 

around 3.38 km from the city centre. ‘Con-

closest (45.31 meters) and ‘Basic Services’, 

like police stations and fire departments, the 

farthest (275.60 meters). Within the sur-

rounding 500 meters, ‘Consumption and Rec-

reation’ reaches the highest density with an 

average of 65 services, while ‘Basic Services’ 

indicate the lowest with 1 surrounding ser-

vice in certain areas. The price per square 

meter ranges between 574 and 8,400 euros, 

averaging at 3,676 euros per square meter.  

The correlation matrix, shown in figure 4, 

gives an overview on the Pearson correlation 

coefficients between all variables. The value 

of the Pearson correlation coefficient can 

range between -1 and 1, whereby 1 reflects 

complete positive linear correlation, 0 no lin-

ear correlation, and −1 complete negative 

linear correlation. From the group of dis-

tance-based variables, distance to the centre 

of Amsterdam (‘DistCentre’) yields the 
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strongest negative value (-0.51), indicating  

that prices drop farther from the city’s cen-

tre. With regards to density-based indicators, 

the number of health facilities in the vicinity 

of a home has the strongest positive correla-

tion (0.38) with prices. Lastly, construction 

year has a negative correlation (-0.5) con-

firming that older houses are associated 

with higher prices.  

 

Figure 4 Correlation Matrix for Amsterdam price/m2 and spatial indicators. 
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Furthermore, figure 5a and b plot the corre-

lations between price and both distance to 

centre, as well as health service density. It 

should be noted that correlation does not 

imply causation as for example it is demon-

strated for ‘Health’ average feature im  

portance in Figures 6a and 6b. 

In the case of distance to centre there is 

heteroscedasticity (variability in lower dis-

tances far higher than in larger ones). This 

phenomenon results from the difference in 

number of houses and price variance be-

tween Inner and Outer rings. The transition is 

particularly evident around 4 km from the 

city centre and was controlled by including a 

dummy variable depicting the two city areas. 

3.2 Modelling housing costs us-
ing machine learning  

The previous section indicates that multiple 

housing and location features correlate with 

house prices. In this section, the driving fac-

tors are sought that determine the cross-

sectional variance in housing prices.  

Following the increasing usage built upon 

previous work on the suitability of machine 

learning in the implementation of the hedon-

ic pricing theory (Oladunni and Sharma, 

2016), an XGBoost machine learning regres-

sion model6 has been fitted to explain how 

the previously introduced set of 18 variables 

                                           

6  XGBoost is an ensemble method that combines the 
predictions of several non-linear decision tree estima-
tors. Recently this has been dominating applied ma-
chine learning and competitions for structured or tabu-
lar data. In this exercise, the final trained model accu-
racy metrics are the following: R2 = 0.56, Mean Abso-
lute Error: 744€/m2. 

Figure 5a and b Correlation plots for ‘Distance to 
Centre’, ‘Health Density’ and Price (€/m2). 
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(16 numerical and 2 categorial: InnerRing 

and BuyerSegment) determine variation in 

house prices. This type of advanced analysis 

provides insights on the main determinants 

(figure 6a and b) and possible interactions 

between them influencing house prices (fig-

ure 7, 8 and 9). Each feature contribution 

towards a prediction was based on SHAP 

(SHapley Additive exPlanations) by Lundberg 

& Lee (2017). SHAP values close to zero 

mean little contribution whereas higher indi-

cate the feature contributes more. Figure 6a 

shows the mean absolute value per feature 

while 6b the values distribution. 

 

Overall, results show that construction year 

is the main feature used by the model to de-

termine house prices. Lower values on this 

variable, which are associated with older 

houses (‘Year’ blue dots in figure 6b), have a 

positive impact on the prices, while newer 

houses (‘Year’ red dots in figure 6b) drive 

prices down. Given that the desired old hous-

es are predominantly located in the most 

central and most visited parts of the city, 

this may reflect locational and aesthetic 

preferences rather than a preference for age 

of a building per se, even when other loca-

tional features such as being within the ring 

Figure 6a and b. Mean absolute value and values distribution per feature based on SHAP values. 

Figure 7. Construction year and distance to cen-
tre partial dependence. 
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road and distance to the city centre are ac-

counted for in the model.  

Next to construction year, also location plays 

an important role, being represented by the 

‘InnerRing’ and ‘DistCentre’ variables. Con-

sistent with the correlation results presented 

in the previous section, closer distances to 

the city centre (blue dots) drive the predicted 

prices up, while farther distances (red dots) 

drive prices down. Lastly, according to the 

results of the model fitting exercise, buyer 

segment is the third most important variable.  

Analysing further in detail, houses built be-

tween 1950 and early 2000 are linked with 

lower prices (output values). The market indi-

cates a clear preference for real estate built 

before 1940 (figure 7).  

 

Figure 8 indicates that the relation between 

housing costs and distance to centre is not 

linear. Output values become negative after  

4 kilometers, coinciding with the transition 

 from inner ring to outer ring locations. In 

figure 8, outer ring locations are indicated by 

blue dots, and inner ring locations are indi-

cated by red dots. There is a clear interaction 

between these two locational variables (In-

nerRing and DistCentre), and house price. 

Lastly, buying residents pay a higher price 

per square meter, while private investors and 

companies pay less, especially when buying 

properties within the ring. This could point to 

property being split, bought to let, and/or flip, 

returning it to the market as fully renovated 

apartments ready for use. The fact that the 

difference is bigger in the inner city, sug-

gests the potential profits for private owners 

and companies are also greater in that area 

(figure 9). 

Figure 8. Distance to centre and InnerRing partial 
dependence. 

Figure 9. Buyers and InnerRing partial de-
pendence. 
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4 Conclusions 
 

Based on the modelling exercises conducted 

within the context of the JRC’s City Lab with 

the City of Amsterdam, two main findings 

are distinguished. 

 

First, analyses indicate that Amsterdam 

house prices are mainly driven by location, 

aesthetic, and buyer type. Closer proximity to 

the city centre, older buildings, and private 

investors and companies as buyers, are the 

main determinants behind higher prices. 

Moreover, about 45% of the sold floor space 

seems to have been purchased for capital 

gains. In this respect, it is important to note 

that a substantial amount of houses in Am-

sterdam inner ring (often older houses) have 

freehold land7, which makes them generally 

a bit more expensive than leasehold ground 

houses, because the property is not tied to a 

(yearly) fee.  

 

In addition, also other variables are likely to 

influence prices, such as housing supply and 

                                           

7      Freehold land means property is located on land that is 
free from hold from any other entity than the owner. 
Thus, with freehold property you also own the land un-
der your property, rather than the municpality being 
the owner, as is often the case with leasehold land.  

demand in the territory general, as well as 

supply and demand that is specific to differ-

ent socio-economic classes, and types of 

households. Also, a further specification of 

buyer and seller types and their related mo-

tives could support the explanatory frame-

work. For instance, some single entities own 

hundreds of apartments in the city, and 

therefore their policies alone can already se-

riously influence the market. In addition, the 

analyses could be further refined in order to 

specifically assess the relationship between 

house prices and the establishment of short-

term rental accommodation for tourists. Ide-

ally, in future analyses, such variables and 

characteristics should also be accounted for, 

data availability provided.  

 

The second main finding is that looking at 

asking prices, it is suggested that Amster-

dam middle incomes would potentially need 

to spend a higher share of their incomes on 

long-term rents, in comparison to middle in-

comes at country level. For Amsterdam mid-

dle incomes, asking prices reflect rents that 

would be considered highly overburdened in-

dicating poor housing affordability. This sug-

gests that middle income households looking 

for alternative rental housing (e.g. for family 

expansion) are less likely to find housing in 
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the city, and more likely to move out. At the 

same time, it must be noticed that since the 

findings are aggregated to postal code are-

as, possible variation in income or housing 

stock (e.g. in quality and price) is not taken 

into account. For future analysis it would be 

interesting to explore further the drivers of 

rent increases, also with regards to policy 

implications.  Did owners increase their profit 

margin, or do these increases reflect higher 

costs? That is to say, the analyses largely fo-

cus on transaction/rental costs, without look-

ing at owners’ (long term) profitability levels, 

costs associated to property taxes, and/or 

maintenance/renovation costs.  

 

Moreover, it should be noted that the pre-

sented analyses have some more general 

data limitations. Due to the unavailability of 

housing characteristics data, more focus was 

put on surrounding characteristics. While this 

depicts as close as possible the spatial con-

text in which each house is located, poten-

tially relevant feature such as type of house, 

floor(s) on which it is located, presence of el-

evator, outside space, energy certification, 

and construction quality could not be as-

sessed. In addition, a more complete analysis 

could also further include and assess hous-

ing supply (over time). Taking such features 

into account would add to the overall picture, 

possibly also affecting policy implications. 

 

In short, this report studied Amsterdam’s 

house prices by applying a wide range of an-

alytical techniques8 and by combining differ-

ent data sources, these types of advanced 

analyses provide insights into the main de-

terminants (and possible interactions) influ-

encing house prices. The graphical outputs 

make it also interpretable to non-experts, 

aiding decision makers on policy and com-

munication to the public.  

 

Depending on data availability, the methodo-

logical workflow presented in this report can 

be adapted and replicated for other cities, 

enabling comparison and providing more 

case studies.  

 

                                           

8  E.g. spatial distributions, correlation analysis, customer 
segmentation, hotspot/cold spot detection, and ma-
chine learning regression modeling. 
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