









































more than 25 years into democracy. Figure 2 shows the commuter node density map.
Understandably the areas with the greatest density of commuter nodes lie along major transport
routes leading into Tshwane from the south and existing the city to the north. Similar to above,
commuter nodes in Tshwane tend to cluster in the CBD with main arterial routes leading from
the CBD towards the townships on the northern and eastern periphery of the city also
dominating. These routes tend to have sporadic public transport nodes in addition to major
route intersections. Finally the rasterized social disorganization index is shown in Figure 3.
Suburbs that are the most socially disorganized in Tshwane, based on the central tenets of social
disorganization theory, are mainly located in the township areas on the northern urban
periphery of the city. Interestingly, the CBD is also characterised as being socially disorganized

as well as areas immediately adjacent to the CBD.

The final robbery risk intensity model is shown in Figure 4. This model combines the two
density maps as well as the social disorganization index into a composite robbery risk intensity
model. The quintile classification scheme was employed to create the range values shown in
the legend for all figures. For figures 1, 2 and 3 the classification scheme is applied to pixels,
so the area in each class is identical. For the figure 4 the classification scheme is applied to the

sub-place units themselves, which vary in size and shape.

The highest risk of robbery in the city is in the CBD with robbery risk spatially diffusing
towards the east and south-eastern suburbs of the city. High risk clusters of robbery are also
observable in the far east and in a number of townships in the northern periphery of the city.
The robbery risk intensity model was validated using actual robbery incidences from 2007
recorded for the city of Tshwane. To do this we first extracted the top five percent, 10%, 15%

and 20% percent of raster cells from the robbery risk intensity model for the city boundary of
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Tshwane which exhibited the highest risk for robbery based on the models’ output. We then
overlaid the 2007 robbery incidences (n = 4852) over these subsets of the model in order to
generate a graduated ‘hit-rate’. Table 2 indicates the ‘hit rate’ of robberies per percentage

model extraction while Figure 5 shows the map with the top five percent of raster cells from

the robbery risk intensity model.

Table 2: Graduated ‘hit-rate’ of the robbery risk intensity model

Percentage coverage Number of pixels Number of robberies Hit-rate
5% 34,739 3,391 69.89
10% 69,479 4,175 86.05
15% 104,218 4,426 91.22
20% 138,958 4,586 94.52

We did this extraction for two main reasons. First, we wanted to determine whether our model
accurately identifies the ‘hottest’ robbery densities in the future. The more accurately the model
can identify highest-risk locations, the more certain we are of its efficacy and development for
future use. Second, from a practical perspective, selecting a narrower subset of the full risk
intensity model allows for the disproportional spatial distribution of robbery to be identified
and potentially addressed. Police in South Africa are extremely limited in terms of time and
resources. Selecting a series of narrower areas allowed for our model to identify areas most in
need of police intervention. The city of Tshwane covers an area of just under 6950km? whereas
the ‘hottest’ five percent covers an area of roughly 350km?. The validation of the model in this
smaller subset would allow for the geographically targeting of resources into these areas
potentially having a greater effect. Based on our analysis just under 70% of 2007 robberies (n
=3391) fell within the top five percent of our robbery risk intensity model while almost 95%

of 2007 robberies (n = 4586) fell within the top twenty percent of our model, an extremely
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encouraging result which indicates that facilities, commuter nodes and neighborhood-level
social disorganization collectively do have power in identifying the vast majority of crimes in
the validation dataset. Future research can attempt to revalidate this model in a time-series

mode not available in this model due to data constraints.

Discussion

Research on crime pattern theory has most often found positive associations between facilities
and different types of crime (Conrow et al., 2015; Groff & McCord, 2012; Hewitt et al., 2018;
Kinney et al., 2008; McCord & Tewksbury, 2013). Likewise studies have highlighted the
importance of commuter nodes in predicting future criminal victimisation (Badiora et al., 2015;
Irvin-Erickson & La Vigne, 2015, Newton et al., 2014). In terms of the social disorganization
theory, previous studies both in South Africa and internationally have found positive
associations between a number of measures of social disorganization and crime (see Cahill &
Mulligan, 2003; Freisthler, 2004; Jacob, 2006; Ouimet, 2000). The current study uses and
collates this collective knowledge to build a robbery risk intensity model for the city of
Tshwane.

The results of this research has a number of theoretical and practical implications. From a
theoretical perspective, the results of our model suggest that a number of prominent
international spatial theories of crime such as the crime pattern theory, and social
disorganization theory can, to some extent, be used to identify the future spatial distribution of
robbery in the country. The fact that the results of South African spatial crime research are
largely supported by international crime theory is important as it allows relevant stakeholders
that deal with crime prevention in the country to prescribe policies to reduce crime using a
theoretical framework with relevance to South Africa. Moreover, the use and testing of these

international spatial crime theories in South Africa gives the country and its researchers some
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measure of credibility internationally. The vast majority of existing research in the geographic
risk modelling of crime has been carried out in the United States, with studies in other parts of
the globe extremely rare, especially in Africa. Incorporating South African content also allows
for a greater understanding of the generalisability of international spatial crime theories to less
developed areas and to areas with markedly different cultural perspectives and
ethnocentricities.

From a practical perspective the development of a risk intensity model for robbery in
Tshwane can assist in the prescribing of prevention policies that work to reduce crime. Indeed,
the identification of future robbery risk areas can inform crime prevention policy in a number
of ways. Operationally, the SAPS could implement policing interventions in the areas at
greatest risk for robbery. This can be done through the use of route and foot patrols; roadblocks,
and cordon-and-search and stop-and-search operations. Importantly, these interventions do not
necessarily have to take place in areas which exhibit the most robbery but in areas where the
risk of robbery occurring is highest based on the risk intensity model. Such an intervention
would ideally allow the majority of existing law-abiding residents of these communities greater
safety; whilst potentially leading to the arrest of perpetrators of crime.

Strategically, key stakeholders can implement much needed early crime prevention
programmes to areas of greatest concern. One such intervention to deterring criminal behaviour
in ‘high-risk’ robbery areas is using crime prevention through environmental design (CPTED)
techniques. This refers to the notion that physical space can be designed to maximise the crime
prevention potential of an area. It then involves the development of physical designs that reduce
the opportunity for crime to occur. Various CPTED initiatives have been undertaken in a South
African context with reasonable success (see Coetzer, 2009; Landman & Kruger, 2009).
Importantly, these potential CPTED initiatives would be geographically-targeted. That is, the

areas with the highest risk of robbery would be known and targeted for certain CPTED
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intervention initiatives. The results of our model suggests that this task would not be too
onerous since the areas identified as being at a greater risk for future robbery incidents in
Tshwane are significantly spatially skewed meaning primary interventions would only need to
occur in a relatively low number of areas to have an effect. It was demonstrated earlier how
almost 70% of future robberies in Tshwane occur in an extremely low percentage of the city.
This implies that prevention initiatives could be manageably and suitably implemented in a
relatively low number of locations with the greatest effect. In this sense, the strong spatially
skewed pattern of crime in cities such as Tshwane could be used as an advantage in the fight
against crime in the city.

Of course, the limitations of this study need to be considered. First, the robbery risk intensity
model developed is based on the assumption that the datasets used in its construction are
complete and accurate. Indeed, data is the single most important factor in any risk intensity
model as the accuracy of the identified risk is only as good as the input data. The robbery data
we obtained from the SAPS has admitted shortcomings. Most notably the under-reporting of
robbery particularly in less affluent areas of the city. According to Mistry (2004) only 29% of
robbery cases in South Africa are reported to the police. It can therefore be assumed that the
robbery counts used in the current study are an under-representation of its true magnitude. This
limitation is almost impossible to overcome as the data we obtained to validate the model is
the most official and spatially replete robbery dataset available. Additional ways to conduct
crime analysis using other crime data sources — recently outlined by Faull (2019) — could be
used in the future when applying, or improving upon, the model developed here. Second, it is
likely that there are a large number of facilities in Tshwane that are not included in the creation
of our facility density map. These are likely to be ‘informal’ and undocumented facilities that
are most often located in township settings. This is especially the case in the outlying areas of

Tshwane where are there are a disproportionate number of informal dwellings and where the
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informal economy thrives. These informal areas contain facilities known to the community but
are not officially listed and are therefore not captured in this study. In truth it is impossible to
know this ‘dark number’ and it is futile to attempt to capture this information digitally when
often there is no permanent spatial footprint of these facilities. We also did not capture other
types of facilities such as alcohol outlets, nightclubs, parking lots, ATM locations, which may
also act as generators of crime in the city. Despite these limitations, we are nevertheless
reasonably satisfied that the facility data that we did use, namely the 3500 facilities, is a
relatively accurate representation of the true magnitude and location of the vast majority of
facilities in the city. Third, the use of density measures in the creation of the robbery risk
intensity model is problematic due to the fact that the underlying population is not taken into
account when assessing risk. It could, therefore, be that the robbery risk is higher in areas in
Tshwane simply because there is a higher percentage of the population residing in these areas.
Kernel density methods do however have the advantage of deriving crime density estimates
based on calculations performed at all locations (Levine, 2002). The methods also have visual
appeal and do consider concentrations of crime at all event levels, rather than cluster grouping
some and discounting others. If an alternative methodology were however employed that did
take the underlying population into account, such as using rate maps, the densities generated
would still suffer from the problems inherent when using geographic boundary thematic maps
such as the modifiable areal unit problem (MAUP). Results may also potentially mislead
focused crime prevention targeting because of failing to reveal patterns within and across the
geographic division of boundary areas (Chainey, 2005). Moreover, the most suitable
denominator for calculating robbery rates in this study would be pedestrian counts for an area,
was not available to us. Using ‘simple’ population counts as denominators for calculating

robbery rates would merely create density mapping output that exaggerates the crime problem
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in areas that have few residents but a high concentration of robbery. By using kernel density

estimation also allowed us to be more flexible with our output and subsequent map design.

Finally, the robbery risk intensity model is cross-sectional and did not take time into
account. Robbery is known to have temporal variability with increased risk by hour of the day,
day of the week, and month of the year (Breetzke, 2018; Felson & Poulsen, 2003) while spatial
crime models assessing risk most often taken a temporal component into account (see Helbich
& Arsanjani, 2015; Leitner & Helbich, 2011). It is therefore quite likely that the risk intensity
model output for day-time robbery would differ to night-time robbery and/or robbery on
weekends would differ to the robbery risk during weekdays. Robbery risk could also differ
year-on-year. In our study we were however totally dependent on the availability and accuracy
of our data suppliers (i.e., the SAPS). The data available to us precluded any form of temporal
component to be added to the study as they were available at one point in time only. This also
limits its generalizability to other contexts. Indeed, it could be that the risk we identify in this
study do not hold true in other cities in South Africa or in similar contexts, internationally.
Conversely, it could also be that stronger risk patterns are observed in other contexts. Future
research should aim to replicate this model in cities in other countries and/or within South
Africa that are distant and distinct from Tshwane, taking the other limitations into account as
well. The strength of this study is that we managed to accumulate and map data for a large
number of facilities, commuter nodes and robbery incidences and build, for the first time in a
developing context, a robbery risk intensity model. By doing so we believe this study
demonstrates that GIS can play an important role in identifying risk factors for robbery
incidences in less developed contexts. While the model may be rather rudimentary, the fact that
it is the first of its kind in South Africa, and indeed anywhere in Africa, makes it highly
significant. Developing countries are most often constrained in the availability and accessibility

of data pertaining to crime risk. A simple yet effective model of crime causation we felt is more
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prudent to develop than an overly complex data-intensive model that can rarely, if ever, be
tested and applied in contexts outside South Africa. Future iterations of the model can also
consider applying a suitable weighting mechanism in the construction of the social
disorganization index as well as in the formulation of the final model. Geospatial techniques
are becoming increasingly used and developed in the spatial analysis of crime. This study
hopefully represents a small but important step in the future development and identification of

crime risk in contexts outside the West.
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