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or mobility of organisms between green patches – this is therefore not structural connectivity but a functional 
indicator related to organismal mobility characteristics. We plotted the bu!er increment size (x) against CI (y) 
to model the functional connectivity in di!erent urban forms. We then computed the di!erence between 2D CI 
(calculated from Fig."1c) and the corresponding CI in 3D derived strata (Fig."1d–f) within grass, shrubs and tree 
layers, at varying distances.

����������������������������Ǥ� Voxel data were generated using voxelate.c program available at 
(https://bitbucket.org/StevenHancock/voxelate). NDVI and vegetation strati#cation maps where generated using 
GRASS GIS so$ware version 6.424. Structural connectivity metrics where computed using LecoS – Landscape 
Ecology Statistics plugin version 2.6 under QGIS so$ware version 2.1425. Functional connectivity bu!ers were 
generated in GRASS GIS so$ware version 6.424 and CI was computed as for structural connectivity but using a 
Python version 2.7.12 scripting routines. Graphics were generated using R so$ware version 3.2.326. All code for 
data processing are available at the web repository: https://github.com/stefano-cornwall/urbanConnect.

Figure 1. A detailed view of an area of the study in Luton showing the di!erent data sources: (a) distribution 
of buildings (red) and roads (grey). Map (a) ‘Contains Ordnance Survey data © Crown copyright and database 
right 2013’; (b) Aerial image from Google Earth ‘Imagery ©2017 Google, Map data ©2017’; (c) Waveform lidar 
data visualization on a 2D plane from the top canopy showing major classes of varying vegetation height; (d) 
Waveform lidar data visualization as point clouds on a 3D plane classi#ed according to the legend shown at the 
base of the #gure; (e) 2D greenspace map derived from NDVI showing the location of ‘green’ (grey pixels) and 
non-green (white pixels) areas; and (f), (g) and (h) show the distribution of the vegetation layers derived from 
the 3D waveform lidar data: (f) grass, (g) shrubs and (h) trees. In this study we compared connectivity from 
maps (e), (f), (g) and (h). Maps generated using QGIS so$ware version 2.1425,26.
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