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Spatial linear networks exhibit a variety of patterns. Like spatial point patterns, they can be homogeneous or hetero-
geneous. Although there exist a wide variety of tests for the homogeneity of point patterns, no statistical tests currently
exist to quantify the homogeneity of spatial linear networks. This research provides two statistical methodologies to
test for homogeneity in spatial linear networks, using point patternmethods. The first methodology approximates spa-
tial linear networks by point patterns, obtained by taking the midpoint of each line. The second methodology projects
each line of a spatial linear network into a space defined by the distance from the origin and orientation of the line, thus
representing lines as three dimensional points. In both methodologies, existing tests for homogeneity of point patterns
are then applied to the point pattern representations of the linear networks. The methodologies are applied to test for
homogeneity of formal and informal road networks in South Africa. This research is in line with UN Sustainable
Development Goals 3, 9 and 10.
Video to this article can be found online at https://doi.org/10.1016/
j.sctalk.2024.100296.
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er Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Figures and tables
Fig. 1. Satellite imagery of formal and informal roads in Mamelodi township, South Africa. The formal roads in the upper part of the image have a more planned structure
with larger gaps between roads. The informal roads in the lower part of the image have a less planned, more organic structure and smaller spaces between roads.
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Fig. 2. The formal and informal roads of Fig. 1 represented as a line pattern.

Fig. 3. A road network as a spatial line pattern (a) with its midpoint representation in b).
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Fig. 5. Examples of second-order non-stationary line patterns.

Fig. 4. 3D point pattern representation of the line pattern in Fig. 4. The images in a) and b) show two different angles of the 3D representation.

Fig. 6. An example of a first-order stationary, second-order non-stationary line pattern. The line pattern with its 2D point representation is shown in a). b) The 3D point
representation.
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Fig. 7.Amap of South Africawith the Gauteng province highlighted. The study area for the application is contained within Gauteng province, the country's central economic
region, with a growing immigrant and local population.
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Fig. 8. The study area within Mamelodi, South Africa. Different colours denote different sub-networks on which the homogeneity hypothesis will be tested. a) Roads in the
study area. The pink roads represent formal roads with an organic structure. The red roads are formal roads with a grid-like structure. The green roads are informal roads, and
are generally shorter and closer together than formal roads. b) The 2D point representation of the roads.
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Fig. 9. 3D point representations of the road networks in Fig. 8. a)–b) Two angles of the 3D point representation of the overall road network. c)–e) 3D point representations of
the informal roads, organic formal roads, and grid-like formal roads respectively.
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Table 1
p-values of the homogeneity tests conducted on the roadswithin theMamelodi study area.

Area # quadrats χ2 test p-value (2D)

Overall area 13� 13 0:001
Formal, organic roads 4� 4 0:203
Informal roads 9� 9 0:588
Formal, grid-like roads 2� 2 0:574
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