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Spatial Data Science

Spatial Data Science (or: GI Science, geocomputation, geospatial 
data science, geographic data science, spatial computing, etc.)
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Spatial data

Formats:

- Vector geoms: points/lines/polygons
- Raster
- Arrays

Phenomena:

- Spatially continuous (fields, coverages)
- Spatially discrete (objects, events)

Data generation:

- Sampling
- Exhaustive observation over an 

observation window (window = sample)
- Aggregation over an area (count, sum, 

mean, max); area may be discrete or 
kernel

dggs



Support, attribute-geometry relationship

After (re)projection, redistricting (spatial aggregation or disaggregation, up- or 
downscaling) is the second largest SDS challenge (source of error) in spatial data 
science.

- Q1: does a variable associated with a set of points (lines, polygon, multipoint 
or raster cell geometries) refer to each point or to the set?

- Each point: land cover, lithology, soil type -> point support
- The set: population, population density, average temperature -> “block” support

- Q2: is the “block” support variable spatially extensive or intensive?
- What happens with the variable if we split a geometry in two?

- If our data sources do not contain this information, how can we avoid user 
error?



Is the variable spatially extensive or 
spatially intensive?

http://www.thibault.laurent.free.fr/code/areal/

http://www.thibault.laurent.free.fr/code/areal/


spatially extensive: redistribute 
proportional to source areas (red)



spatially intensive: weigh, proportional 
to target area (black)



Add high(er) resolution, informative 
layers: dasymetric mapping

Regression methods have been 
applied to smooth noise

https://r-spatial.github.io/sf/reference/interpolate_aw.html

https://r-spatial.github.io/sf/reference/interpolate_aw.html




Geostatistical approaches: “use all data”

● Requires “point-point” covariance (“deconvolution”)
● Requires area-area mean covariance, which involves computing a 4D integral



Statistical approaches

● Uses INLA for linear link
● TMB for L.A. on other links
● GP has Matern covariance 

with fixed smoothness 
parameter



Statistical approaches: Space-time

● stcos CRAN package
● Gaussian errors
● non-stationary, 

non-separable, and 
asymmetric covariances



Other approaches

● Rich literature review, many w. use cases
● Mostly geography oriented
● Dasymetric mapping approaches



Raster-raster warping

Meng Lu, Marius Appel, Edzer Pebesma, 2018. 
Multidimensional Arrays for Analysing Geoscientific 
Data. ISPRS Int. J. Geo-Inf. 2018, 7(8)



Concluding remarks
● Most spatial data variables have block support, making down-scaling hard
● For up- and down-scaling, it matters whether variables are spatially extensive 

or intensive; this intel is typically not in our data sources
● Are covariates available at high (target) resolution? If yes:

○ Dasymetric mapping
○ DM + regression
○ Hierarchical modelling (INLA, TMB)

● For raster-raster: 
○ use gdalwarp? 
○ or exactextractr (stars/terra)?



gdalwarp:


