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Properties’ rental price depends upon the following five groups of characteristics:  

- structural property characteristics, e.g. construction year, elevator, build-in kitchen, etc. 
- local socioeconomic and public sector characteristics, e.g. income level, unemployment rate, etc. 
- locational and accessibility characteristics, e.g. public transport, bus stops, restaurants, etc. 
- environmental and neighbourhood characteristics, e.g. pollution, noise, parks, etc.  
- property rights or legal constraints 

Whilst the first and the second group of characteristics refer to the properties’ and the submarket’s quality, 
the locational and accessibility characteristics are mainly captured by the proximity to certain points of interest 
(POIs). Next to this, spatial dependencies certainly influence properties’ rental level. According to Tobler’s first 
law of geography ["Everything is related to everything else, but near things are more related than distant 
things."] 

 
The idea of the GPBoost algorithm is to combine tree-boosting with Gaussian process models for modelling 
spatial data in such a way that one can leverage the advantages of both techniques and avoid the individual 
drawbacks (linearity assumption vs. ignorance of spatial correlation and discontinuous predictions). Roughly 
speaking, Gaussian processes and tree-boosting are both used for modelling the parts for which they are good 
at. 

The thesis aims to expand the rental tree-boosting framework by adding the spatial structure. It refers to the 
following tasks/will provide answers to the following questions:  

- Building GPBoost models for the TOP German rental markets. 
- Comparison of the predictive accuracy to alternative approaches:  

o linear Gaussian process models 
o XGBoost and/or Random Forests including the spatial coordinates as regular predictor 

variables 
- Can the predictive accuracy be significantly improved through the integration of spatial dependencies? 
- Which characteristics are important rental drivers? Give a description of spatial differences. 

 
- Case study of the TOP cities of the German rental market with  

focus on GPBoost and its predictive accuracy. 
- PATRIZIA will provide access to geocoded data on rents with  

>30 hedonic characteristics. 
- R is expected to be the coding language. 

 
- Sigrist, F. (2020). Gaussian Process Boosting.  
- Chen & Guestrin (2016): XGboost: A scalable tree boosting system. 

GPBoost: Tree-Boosting for Spatial Data
A case study of Germany’s TOP rental cities
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Whilst the first and the second group of characteristics refer to the properties’ and the submarket’s quality, 
the locational and accessibility characteristics are mainly captured by the proximity to certain points of interest 
(POIs). 

 
General rental price prediction models analyse the features of an apartment and its surroundings to generate 
the most suitable rent. XGBoost is based on the gradient boosting algorithm and is well known to provide 
better solutions than other machine learning algorithms in terms of computational performance and accuracy. 
In fact, since its inception, it has become a "state-of-the-art” machine learning algorithm to deal with 
structured data.  

The thesis aims to apply various model-agnostic/interpretation frameworks to rental tree-boosting. It refers 
to the following tasks/will provide answers to the following questions: 

- Set up regional XGBoost models for the TOP German rental markets. 
- Which characteristics are important rental drivers? Are there regional differences? 
- How can predictions be interpreted? Make use of global and local model interpretation frameworks. 

Describe the various assumptions, methodological backgrounds, pros, and cons. 
- Is there an optimal combination of characteristics to reach increased rental levels? And are there 

differences between different asset types (e.g. small, medium, and large assets)? 

 
- Case study of the TOP cities of the German rental market with  

focus on XGBoost and its interpretability in global and local sense. 
- PATRIZIA will provide access to geocoded data on rents with  

>30 hedonic characteristics. 
- R is expected to be the coding language. 

 
- Chen & Guestrin (2016): XGboost: A scalable tree boosting system. 

- R packages for model interpretation, e.g. {xgboostExplainer}, {EIX}, {iml}, {DALEX} 

(Alternatives and additions are desired.) 

Black & White: Interpretable XGBoost?
Analysing rental prices in Germany’s TOP markets
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