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INTRODUCTION
Spatial point pattern events along networks can be ob-
served in many different areas of human activity. In
this research paper we focus on the traffic accidents
that occurred in the City of Cape Town metropolitan
municipality in 2016, and we estimate the intensity of
accidents using both planar and network based kernel
density (KDE) functions.

OBJECTIVES
The main aim of this project is to estimate the density
of road traffic accidents in Cape Town along a net-
work using the network KDE method. In section 2,
a literature review of the studies with the same aim
are provided. Section 3 presents the study area and
the dataset where Section 4 provides details of pla-
nar and network density estimation methods. Results
from our analyses are summarised in Section 5 and
finally Section 6 concludes the findings and future re-
search.

LITERATURE
There are numerous studies estimating the density of
spatial events that occur on a network such as crimes,
economic activities and road traffic accidents in ma-
jor city road networks etc. Most of these studies usu-
ally perform both planar and network KDE and make
comparisons between the two commonly used meth-
ods [1, 2, 3].

PLANAR & NETWORK BASED KDE
One of the most commonly used method for estimat-
ing the density of road traffic accidents is Kernel den-
sity estimation which is usually performed in two
forms: (1) Planar KDE and (2) Network KDE.

Earlier studies used planar Kernel density estimation
(KDE) to estimate the density of traffic accidents. Pla-
nar KDE is based on the Euclidean space where spa-
tial points events are weighted according to their ra-
dial distances (bandwidth) from the grid centroid.
Events inside a specified radial bandwidth contribute
to density estimation.
Let (s1, s2, ..., sn) be the spatial locations of n accidents
in the City of Cape Town bounded region (A) and s
is any location on the network. The intensity λ(.) of
the accidents is estimated using the κ(.) probability
density function as follows [4]:
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where κ(.) is the kernel weighting function therefore
the intensity estimation depends on the choice of the
kernel and the bandwidth (τ ). There are numerous
choices for kernel weighting function however the
most commonly used on is the quartic kernel func-
tion.
However, since road traffic accidents occur along a
road network, which is composed of lines and ver-
tices, the analysis of the density of traffic accidents
and identification of hotspots along the network with
planar KDE was found not to be sufficient. More re-
cently, network KDE which is based on the network
constrained space where events are weighted accord-
ing to the distance measured along the network has
been developed to improve the density estimation.
In network KDE, projected events along a network
bandwidth contribute to density estimation and it has
been shown that it provides more accurate density es-
timation than planar KDE.

In both approaches, appropriate bandwidth determi-
nation is the key for the density estimation and [5] rec-
ommends a bandwidth between 100 and 300 meters
for urban areas.

STUDY AREA AND DATA
We focus on the traffic accidents that occurred in the City of Cape Town metropolitan municipality in Cape
Town, South Africa. Cape Town is the second largest city in South Africa with 28.6% of the population within
the municipality according to the national census 2001 and the second most important contributor to national
employment [6].

The study area consists of wards in the city-bowl of the Cape Town Municipality area (Bokaap, Tamboerskloof
and Greenpoint) with well-developed road network (Figure 1). Data on road traffic accidents was sourced from
the City of Cape Town. The full data set contains records of more than 200 000 road traffic accidents that occurred
between 2015-2017. The accident addresses were geocoded to obtain latitude and longitude coordinates which
were then snapped to a connected road network withing the study area.

Figure 1: Study Area: City of Cape Town,
South Africa - Traffic Accidents 2016

Figure 2: Spatial pattern of traffic accidents: density values
calculated using a network KDE with varying bandwidths.
a) 50m b) 100m c) 150m and d) 200m

RESULTS AND DISCUSSION
Figures 2a-d show the density values calculated using
a network KDE computed with various search band-
width (50, 100, 150, and 250m). All analyses were con-
ducted in R version 4.1.0 (R Core Team, 2021).

• Results show that Network KDE can better de-
pict the nature and extent of accidents along the
road network

• Network KDE influenced by the choice of band-
widths

• Another important input is the connectedness of
the road network

CONCLUSION AND FUTURE WORK
This study is one of the few attempts to comprehen-
sively geocode accident data and explore the spatial
distribution of accidents in the City of Cape Town.
Next steps include:

• Improve geocoding match rates
• Expand study area and road types (connected and

unconnected networks)
• Integrate exposure data for comparison of hotspots
• Fully access the impacts of kernel functions
• We can then start to suggest priority areas for im-

proved safety of pedestrian and motorists
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