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responsible investments and addressing conflicts -
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infrastructure investment and development projects. P
In addition, it is vital for improving transparency in
opaque land markets.

Context in Rwanda

Rwanda has historically had relative low land taxes
but these were recently increased. A new property
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Ministry of Financeand EconomicPlanning
(MINECOFINand Rwanda Revenue Authority (RRA).
We hope this study will provide a tool to help
improve property tax valuationsand hence, revenues
Themain method of property valuationin Rwandais
currently through taxpayerselt-assessmentsOur
model could help in two possibleways The model
could assesghe validity of these self assessments
and trigger additional on-the-ground valuationsin
casesin which under-valuation is suspected
Alternatively the property valuesthat the model
generatescould resultin properties being assignedto
bandswith different tax levels

Study Design
Fig. 1. Upper left: Pleiades scene 2015 CBD Kigali; upper right: change monitoring 2008/62015; center left: building types 208/09; center

This study trials a property valuation methodology for right: building types 2015; lower left: adjacency building objects; lower right: building heights 2015.

Rwanda's capital, Kigali by applying machine learning

techniques to parcel transactions data from 2013 to suldngType  buldngs  buidngs  rumberel  Changeing A'eaChange C. Feature Selection

2015 and remote sensing data from 2009 and 2015 . e — e 6 Dependent variable: log of the sales value per 2n
on building footprints. The building information Block 1,609 1,587 22 -1.4% 0.3% 0 Independent variables: 511 parcel attributes
(building footprint and building type) is derived from Bungalow 20,313 27,610 7,297 35.9% 34.4% (including log and squared)

aerial images (2009) and a Pleiades scene (2015). " s e — e e & Estimation sample: 7,445 filtered sales from 2015
Additionally, variables describing the spatial g ree o - o e s oot ® Maximum Relevance and Minimum Redundancy
interrelations of properties within the city are derived Hall 3,306 4,306 910 26.8% 29.5% (MRMR) machine learning approach to develop
from a multi-source dataset and include distance Special 211 253 42 19.9% 27.2% best OLS model

based values (distance to central business district, zzr“‘;’”“‘:“‘)” 12'52:5 21‘13;58 4222 25;375// :j;’// O We used 10fold crossvalidation to avoid

schools, public transport, etc.), accessibility, location overfitting (90% of data used for estimation and
parameters (topographic position) and neighborhood Table 1. Result of remote sensing analysis. 10% used for testing)

statistics (green area, urban structure type, density 5 Dat ® The model jointly predicts values for both vacant
values, etc.). This approach can help to understand - pata land (37% of estimation sample) and improved
the key determinants of land anq building value_s and Dependentvariable SalesData Qv ° md.and r parcels (63% of estimation sample)
be used to create a database with accurate estimates Administration and Information System) o | | | | | |
of property values for each parcel in Kigali. —e—NRVR
Year 2015 | 2016 | 2017 | 2018 07 g
Applications & Outlook Parcel Transactions (Kigalj 10,246 | 13,991 | 16,352 | 15,155 06 1 -
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We used Maximum Relevance and Minimum Independent variablesParcelData (@vailablefor all ° 1 ™
Redundancy (MRMR) approach to predict property parcelsfor 2015) | Coar T : g
values in Kigali Province and got2f 0.71. 0 StructuralData (and area slope, perimeter, = ke /H/“‘/ | &
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0 Evaluation of revenue potential of property tax 0 Bg_'ld'ng Data (loor area heights, typography, | / i %
(Ministry of Finance and Economic Planning) g a_jacency N i B g 12
0 Evaluating seassessments (Rwanda Revenue 0 Distancesto Amenities(roads bus stops CBD etc.) of o |
Authority) 0 Counts of Amenities(schools hospitals markets) | e S AN A NI 5
0 Potential basis for future CAMA (Rwanda (:) Zoning (\_/egetation, agriculture_, nature)_ o é o . ® Z *
0 EconomicFactors(number of firms by size

Revenue Authority)
0 Property price indices (National Bank of Rwanda)

Extensions D. Benchmark model
0 Updated parcel data

~

0 Panel regression analysis

employed labour) E. Forecasting

Given static parcel data in 2015, the forecast
Features (23) accuracy of the model decreases over time.

Land (3): Perimeter (Contribution to 12 0.265)

Building (4): Building Types, Floor Area & Volum@.409)
Location- Distance(7): Roads, Bus Stops, Rout€6.564)
Location- Zoning (9): Vegetation, Agriculture, Forest,
Single Family, Vacant0.578)

Model Diagnostics (croswalidated):
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_ _ _ 0 FR:0.708 0 RMSE0.825
EO-derived data will be made available 5 MAE:0.625 & +20%: 22.2%

on the Urban Thematic Exploitation Platform \
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https://urban -tep.eu/

Contact: Dr. Felix Bachofer , felix.bachofer@dir.de
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