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Abstract: In post-pandemic, climate-changing societies, the presence of urban greenspace assumes
paramount functions, at the same time that socio-economic crises and shocks augment vulnerabili-
ties and insecurities. The recent literature on environmental criminology argues that the geography
of crime is not random, and that the presence of greenery, due to its impact on well-being and the
environment, can have positive associations with feeling safe; although the opposite effect can occur
if spaces are not properly designed or maintained. In this paper, the case study of Porto, Portugal,
is presented; one of the municipalities with higher crime rates, that also pledged to double the avail-
able greenspace in the near future. As a way to support decision-making, the aim of this study was
to present an overall exploratory diagnosis of how street crime patterns, of different typologies,
spatially co-exist with greenspaces. Using a 10-year street crime dataset at the segment level, de-
scriptive quantitative methods with the support of GIS have been applied to plot crime’s spatial
distribution over time, as well as the walking accessibility to greenspaces. The results confirm
crime’s geographical non-randomness, with distinct categories occupying specific locations, even
though there was a consistently proportional distribution in the different distance bands. On the
contrary, the cumulative effect of the proximity to greenspaces was variable. Almost half of the city’s
street crimes (46%) were within a 5 min walking distance of greenspaces, but they were much closer
to smaller inner-city urban gardens, with higher densities of street crimes (hot spots), than to larger
municipal parks, where lower densities (cold spots) were seen.

Keywords: crime patterns; green spaces; environmental criminology; Geographical Information
Systems; Porto

1. Introduction

As Bottoms and Wiles [1] wrote, environmental criminology would be of little inter-
est if the geographical distribution of offences was random. In the Handbook of Crimino-
logical Theory, Sidebottom and Wortley [2] describe environmental criminology as an
overarching framework that comprises several approaches linked by a common interest:
the relationship between crime and urban space [1]. “Place Matters” in the studies of ur-
ban safety [3], and geography makes “an important and lasting imprint on dealing with
crime” [4] (p. 161), because human activity is shaped spatially, and therefore is influenced
by place-based factors. Within the urban realm, places are not homogenous. They possess
different characteristics (relating to morphology, design, and others) and different socio-
economic attributes, due to the distribution of population and activities. Consequently,
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because environmental criminology recognizes that criminal behaviour is significantly in-
fluenced by the nature of, precisely, the environment it occurs in, then, as urban conditions
vary, so will criminal patterns vary [5].

Since the 1970s, various theories have been put forth deepening the collective under-
standing of the relationship between crime and place. Early in the decade, C. Ray Jeffery
[6] authored the book “Crime Prevention Through Environmental Design”, where the
term ‘environmental criminology’ was used for the first time, quickly followed by Oscar
Newman'’s “Defensible Space” [7]. The acronym CPTED would become popular to the
current day [8,9], defining a set of strategies of crime and insecurity reduction based on
the reconfiguration and management of the built environment. If the physical character-
istics of a given place make offenses harder to perpetrate, riskier, and less rewarding, then
they have less likelihood of being committed.

A few years later, Routine Activity Theory [10] defined a famous triangle, explaining
that for crime to occur, there needs to exist a convergence of a motivated offender, a suit-
able target, and the absence of a guardian. This convergence occurs in time, but also, im-
portantly, in a given space, due to people’s daily movements and routines. Rational
Choice Theory [11] explores more concretely the decisions to act made by motivated of-
fenders. They do so by evaluating risk and possible returns, so, if a location has a higher
“cost of crime”, for example, by the presence of guardians, then it will more likely have
lower crime occurrences. Both theories have inspired Situational Crime Prevention, by
which, like CPTED but with a broader scope, opportunities for crime are reduced by act-
ing on settings through space management and design/environmental changes to increase
risk and effort, and minimize provocations, excuses, and rewards [12-14]. Consequently,
such patterns should be analysed at macro-scales and focus on specific problems and
types of crime. The Bratingham’s Crime Pattern Theory [15] combines the previous
knowledge, adding a crucial spatial component, by establishing that the generation of op-
portunities and crime location does not occur by chance. The everyday geography of
movements, and the attraction of particular places, such as work and leisure sites, creates
activity spaces. When the spaces of potential victims and offenders overlap, and if these
spaces have the right conditions, then the probability of crime increases.

The formulation of a Criminology of Place [16] resulted from the previous theories,
whilst also recognizing the increasing role of geography in crime studies, which signifi-
cantly augmented from the 1970s [17] to the 21st century, as Geographical Information
Systems (GIS) allowed greater potential in terms of data georeferencing, modelling, and
analysis [18-20]. Weisburd et al. [21] cemented the conceptualization of crime patterns as
being heavily concentrated in hot spots, stable over time, and displaying large variability
at the micro-scale, which led to the formulation of the Law of Crime Concentration [22].
Therefore, authors have been urging for a smarter aggregation of spatial data [23], by us-
ing the potentialities of GIS-led analysis to improve place-based approaches. However,
this is not yet entirely widespread, due to a lack of know-how and also because there is
often difficulty in collecting micro-scale crime data for research [20].

Within this context, the relationship between crime patterns and the location of
greenspaces has received increased attention in the literature. Nature-based solutions, of
which greenspaces are a crucial part, are deemed to be extremely relevant assets to aug-
ment the resilience and sustainability of post-modern cities [24,25]. The relevance of the
presence of greenspaces, and of access to them, has been proven regarding their environ-
mental benefits, such as flood control, biodiversity, air quality, and cooling effects [26].
Greenspaces have also been deemed to decrease vulnerability to disasters [27]; decrease
energy consumption, improve urban water management, and promote a greener economy
[28]. At the same time, they are deemed to have significant impacts on human health [29]
by improving quality of life and life satisfaction [30], not only due to their aesthetic mean-
ing, but because they stimulate outdoor recreation, socialization, and physical activity
[31].
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As public spaces of mostly daily use, urban greenspace is a key component of the
social organization of the territory, forming places for community interaction that instil a
sense of belonging [32]. Consequently, they have the potential to stimulate collective effi-
cacy, i.e., promote social cohesion and informal social control that normalizes healthy be-
haviour, thus influencing crime patterns at the micro-geographical level [33,34]. Indeed,
as the importance of green and blue spaces in post-carbon societies is increasingly being
recognized in urban agendas worldwide, the recent literature on environmental criminol-
ogy has delved into this intrinsic connection to crime patterns. On the one hand, studies
follow the above line of thought, seeing in greenspaces locations that, due to increased
social activities and the presence of nature, help reduce the risk of criminal opportunities.
On the other hand, due to the way they are designed, and because at certain times they
may have less movement or no movement at all (such as during night-time), greenspaces
can also generate fear of crime and even be dangerous.

The city of Porto, in Portugal, aspires, by the Municipality’s own admission
(https://www.cm-porto.pt/, accessed on 4 September 2023), to be a “green city”. It was one
of the signatory cities of the EU’s The Green City Accord, being even cited as a best prac-
tice example when the accord was presented in October 2020. One of the pledges was that
Porto would double the roughly 455 hectares of green and biodiverse space currently
available to its residents. At the same time, Porto is one of the municipalities in Portugal
with higher crime rates [20,35]. Most notable are several types of crimes against people,
including against physical integrity and violence, and crimes against property, such as
pickpocketing or car thefts. The peak of street crimes occurs in the summer months, par-
ticularly between May and September [36]. This coincides with—and may also partly be
caused by —it being an increasingly touristic city since becoming the European Capital of
Culture in 2001 and engaging in a process of urban regeneration and revitalization, lead-
ing to several international accolades (most recently, for example, Best City Destination in
Europe 2022, by the 29th World Travel Awards). Concomitantly, after being considered a
shrinking city due to a negative demographic trend over the last half-century, especially
in the city centre, Porto finally started to regain residents in 2017 [37]. The combined effect
of urban and demographic decline with touristic growth has had direct and indirect im-
pacts on the most recent greenspace planning, for example, by using attractive landscapes
to draw visitors away from the city centre [38].

These combined reasons constitute the rationale for the exploratory research here
presented, namely (i) the proven relevance that greenspaces assume in post-modern cities
in general, to increase quality-of-life and well-being; (ii) the fact that, in particular, green-
space planning is part of the urban and tourism short-term strategy of Porto, one of the
municipalities with higher crime rates in the country; (iii) the connections the literature
has established between proximity to greenspaces and senses of (in)security; (iv) the fact
that only very recently has spatial research on micro-scale crime patterns been conducted
for Porto [20,36]; and finally, (v) as far as the authors are aware, no study of Porto has
spatially correlated street crime patterns over time with distance to greenspaces.

Therefore, the main objective of this study was to produce an original exploratory
geographical diagnosis for the city of Porto of the distribution of street crime patterns in
relation to land use, namely, the presence of greenspace. Using crime data for a ten-year
period, at the street segment level, and quantitative methods with the support of spatial
and network analysis made by Geographical Information Systems, this study aimed to
present an overview of these distributions and uncover initial connections between fluc-
tuations of crime rates and proximity to greenery. Globally, this is relevant to further test,
in another context, the postulate put forth in the literature, whilst also providing a spa-
tially explicit methodology, something that is still not common in the literature or in local
authorities” diagnoses. Precisely, locally, this spatial knowledge of previously unmapped
variables can be an instrument to support decision-making for public space and land use
planning. This paper is organized as follows: Section 2 reviews the current literature on
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the relationship between crime patterns and green spaces. Section 3 describes the meth-
odology. Section 4 presents the case-study city of Porto. Section 5 shows the results, while
Section 6 debates them. The last section presents the conclusions of the research.

2. Crime Patterns and Greenspaces

Are greenspaces associated to the reduction of crime?, asked recently Venter et al.
[39] in a paper considering ten-year crime data in South Africa. The answer by the authors
was that total greenspace displayed an association with less violent and property crimes.
This same inverse relationship—more greenspaces, less crime —has been presented in the
literature worldwide for the last two decades [29,32,40-45]. It has been established across
a range of crime categories, such as theft or assault, and for different kinds of greenery,
such as urban parks or street tree cover.

Indeed, in a systematic review recently performed by Shepley et al. [46] of American
papers published after 2000, the authors found that the literature established that the pres-
ence of parks and other greenspaces reduces urban crime, particularly of a violent nature.
Half of the studies analysed on violent crimes, and two-thirds of the studies on gun vio-
lence, identified a negative relationship between these and the presence of greenery. An-
alysing 301 cities in the United States, Ogletree et al. [44] reached similar conclusions. Af-
ter accounting for potential covariates of crime, such as socio-economic or environmental
variables, census block groups with more greenspace displayed a lower risk of both prop-
erty and violent crimes, and this inverse relationship was present in practically all cities
studied.

Previously, Kuo and Sullivan [43] had concluded that residential areas in Chicago
with high levels of vegetation had 52% fewer total crimes than locations with low levels.
In Baltimore, Troy et al. [45] noted that increases of 10% in the tree canopy caused a 12%
reduction in crime per square kilometre. In New Haven, Gilstad-Hayden et al. [41] arrived
at concurring numbers; the same 10% increase resulted in a 15% reduction in violent
crimes and a 14% reduction in crimes against property. Importantly, Troy et al. [45] ar-
gued that this relationship varied between public and private tree cover; the magnitude
of the relationship was 40% greater for public than private lands. But even outside the US,
similar trends can be observed. For example, in Indonesia, Sukartini et al [32] recently
analysed the country’s three largest metropolitan areas and concluded that a new green-
space could cause a general crime reduction of 13% and a reduction of robberies of 16%.
The results are reversed for urban wards that witness diminishing green space area, with
crime increasing up to 11%.

The creation of new urban greenspaces, through the cleaning and greening of vacant
lots, also displayed negative associations with property and violent crimes [29], as well as
reduced narcotics possession arrests, gun violence [47,48], and aggressive behaviour
[40,49]. Both Escobedo et al. [50] in Colombia, and Sanciangco et al. [51] in the US, encoun-
tered negative associations between greenspaces and the homicide rate, whilst Kondo,
Han, et al. [52] found that residents living near greened lots felt safer compared to resi-
dents living near lots left vacant.

These conclusions are in line with several postulates. Crime Prevention Through En-
vironmental Design (CPTED) [6,8] stipulates, as previously stated, that if the characteris-
tics of a given place, in terms of design/morphology, use and management, make crime
more difficult, risky, and less rewarding, then it will be less likely committed. Stemming
from this, the Broken Windows theory [53] suggests that lack of maintenance and aban-
donment of urban spaces leads to the perception that they are unguarded and anti-social
behaviour is permitted. And in the particular case of greenspaces, the Attention Restora-
tion Theory [54] can also be cited, whereby the ability to concentrate may be restored by
exposure to natural environments. This means that the presence of nature can lead to in-
creased self-control, and therefore to the inhibition or suppression of undesirable
thoughts, feelings, and behaviours that can constitute criminal behaviour [39].
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Consequently, the presence of greenspaces may prevent criminal occurrences by a
set of overlapping motives. The more trees are in a given neighbourhood, and the closer
they are to residential buildings, the more time people spend outdoors [55]. Indeed, if
greenspaces are well-designed and appealing, they attract movement and outdoor recre-
ational activities, encouraging positive interactions and sociability [44—46], as well as
healthy habits, both mental and physical, of individuals and communities [56,57]. Well-
maintained greenery, trimmed bushes, proper lighting, and adequate park furniture [58]
not only signal that the space is cared for—and incite users and residents to continue to
do so [43] —but they increase the presence of “eyes on the street” and sightlines, one of
Jane Jacobs’ [59] postulates that inspired the CPTED principle of natural surveillance.

There is, however, the opposite consequence, if these elements are not in place and
because greenspaces can have distinct morphological characteristics [42]. Gilstad-Hayden
et al. [41] recalled that the traditional perspective of security organizations has always
been that dense vegetation encourages criminal activity by obstructing surveillance and
providing concealment. In that sense, studies have noticed that the above-discussed in-
verse relationship between crime and green areas may not occur when vegetation is dense
and low, because it creates concealment areas [44]; when visibility is limited, for example,
when trees obstruct views from windows [45]; when parks are ill-maintained and de-
signed, for example, without proper lighting or facilities [42]; or when the area increases
[32]. Kim and Hipp [60] found higher crime levels in street segments around parks, and
Kimpton et al. [42] and Taylor et al. [61] observed that the sociodemographic context of
the surrounding neighbourhoods could influence crime patterns in green areas. Because
they may be larger public areas attracting a vast amount of people, informal social control
and natural surveillance do not occur homogenously throughout the space [39]. Further-
more, in locations where vegetation tends to be more unmanaged, for example, in the
interface of residential and industrial areas, the concealment value of the vegetation can
outweigh its deterrent effect [45]. Such areas can be used for illicit activities like trafficking
of substances or stolen items, rape, target selection, or the disposal of unwanted goods
[40].

Even though the traditional view that vegetation is associated with fear of crime has
been progressively counteracted [43], such conditions can still hinder the legitimate use
of space [30,44]. In fact, the satisfaction and the added value to well-being one gets from a
greenspace directly decreases with fear of crime [30]. At the same time that people prefer
places with greater sightlines, they also favour places of refuge— Appleton’s [62] Pro-
spect-Refuge Theory —even though this may cause additional insecurity perceptions. Ar-
eas with a higher potential for refuge, fewer sightlines and providing fewer opportunities
for escape generally create higher fear of crime, even if real crime rates may not be similar
[30]. Therefore, urban green structures should be designed to increase the perception of
safety [40] and reduce crime opportunities [63].

Overall, studies on the relationship between crime and greenspaces have used less
spatially supported analyses at the micro-level and more statistical correlations and re-
gression models at the census block level [41,44,45]. The scale of analysis is an issue [44],
and in many countries, for example Portugal, crime data availability at the micro-level is
scarce [20]. The definition of urban greenspaces—which may range from street trees to
large metropolitan parks—as well as the existence of distinct types of crime and the fact
that crime patterns may also be related to socio-economic factors, can cause the measure-
ment of a direct relationship between crime and greenspaces to be elusive [44]. Finally,
the authors urge for more work involving qualitative data, such as surveys and interviews
[46].
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3. Methodology
3.1. Study Area Overview

Porto is the centre of the second largest metropolitan region in Portugal, after Lisbon,
and the third most populous city in the country, with 231,800 inhabitants in the most re-
cent population census [64]. This represents a loss of over 5 thousand inhabitants from the
last population census (2011), even though surrounding municipalities such as Valongo
(+1%) and Vila Nova de Gaia (+0.6%) have shown increases. Half of Porto’s population is
active (25 to 64 years of age; 52%), but over one-fourth (26%) is over 65 years old, an in-
crease from 23% in 2011. Despite the population loss and ageing, Porto has continuously
grown in terms of business and tourism, as well as in the real estate and short-term resi-
dencies” market. House prices and rent values per square meter have steadily increased,
and so has foreign direct investment in real estate activities and construction [65]. Figure
1 displays Porto’s location within Portugal, as well as showing the city’s main structure,
to help the international reader follow the subsequent analysis. Both crime and green
space-related information for the entire study area is presented at the beginning of Section
4.

Matosinhos Maia

Gondomar

Vila Nova de Gaia N
0 0.5 1Km
A ———

Legend: Main Areas of the City
|| Districts of Portugal 1. Foz Nova 8. Downtown

2. Foz Velha 9. Historical Center

Adjacent Municipalities 3. Business Center 10. Ribeira

re—-— X 4. Boavista 11. Areosa
|| Boundary of the parishes of Porto 5. Campo Alegre University Campus  12. Antas

6. Asprela University Campus 13. Contumil

7. Marqués 14. Eastern Porto

Figure 1. Porto Municipality, Portugal.

3.2. Data Preparation

To compare street crime patterns with the urban greenspace distribution in Porto,
two major datasets were used. The first concerns recorded crimes. Official information for
the research period between 2009 and 2018, previously mostly unavailable for research,
was supplied in Excel sheets by the Public Safety Police (PSP). Each individual reported
crime was classified in terms of location (street name and parish), date/hour, and type,
amounting to a total of almost 150 thousand entries. Although there are many crimes that
go unreported, it is expected that this database constitutes a very good representation.
The database required normalization, performed by the research team, especially in terms
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of standardizing the street names. Then, the individual entries were digitized as points,
considering the centroid coordinates of the corresponding street segment, using the soft-
ware ArcGIS and the official street information supplied by the Porto Municipality. In
many analyses presented, the information was considered by street segment rather than
point.

If the full crime database has been described and analysed elsewhere [20,36], here, in
order to make a comparison with the spatial presence of greenspaces, only the so-called
“street crimes” are considered. These include all crimes occurring in the street or other
public areas to which all citizens have free access. In Portugal, Neves [63] points out that
street crimes represent more than half of all reported crimes, and that they have a high
social and media impact, due to the insecure feelings that they cause. The author presents
a classification of street crimes [63] (p. 102) based on 13 subcategories of the Portuguese
legislation. Therefore, from the 167 sub-typologies of crime present in the Porto database
treated by the research team, the following thirteen were selected for the present work: (1)
robbery/pickpocketing; (2) theft of motor vehicles; (3) theft in motor vehicles; (4) wallet
theft; (5) theft in a supermarket; (6) theft in the street; (7) bank robbery or of another finan-
cial establishment; (8) treasury or post office robbery; (9) service station robbery; (10) rob-
bery in public transports; (11) damage to cultural property; (12) fire or arson in buildings,
constructions, or means of transport; and (13) other damage.

The second dataset relates to the location of greenspaces in the city of Porto. The first
collection of the polygon areas defining each greenspace was made using the database of
the Open Street Maps, but the research team subsequently validated this information,
manually drawing in ArcGIS corrections to the boundaries or adding the remaining green-
spaces of the city not contained in the OSM. The official database of greenspaces of Porto
Municipality was used for cross-reference. The selection method for this research con-
sisted of considering all gardens, parks, so-called granges, and other spaces in the city
with extensive green elements that were of public use, regardless if they had, or not, open-
ing hours. For example, the famous 18-hectare park of Serralves, which houses Porto’s
Contemporary Art Museum, was not considered, because it opens to the public free of
charge only once a month. Other elements of the green structure of the city—such as
grassed corridors or trees along streets—were not considered, because they do not consti-
tute spaces for leisure or where users stay for longer periods. Therefore, a total of 50 public
greenspaces were mapped (presented in Figure 2). In the analysis, these spaces were di-
vided into “Gardens” and “Parks” based on variables such as dimension, amount, and
type of vegetation, but also historical fragmentation. Gardens are generally smaller than
parks, and the type of vegetation is also distinguishable. There are, however, cases where
spaces considered as parks are smaller than gardens. One of these examples is the case of
Passeio das Virtudes, considered a park although the area is relatively small, because it
has a historical and planning continuity with the adjacent park with the same name.



ISPRS Int. ]. Geo-Inf. 2023, 12, 492

8 of 24

Matosinhos Maia

Gondomar

Vila Nova de Gaia

Identification of the Green Spaces

. Green Spaces by Typolo Top 10 Green Spaces with Largest Area
Legend' P Y Typology p. P 9 under study, in the Municipality of
Park 1. City Park 6. Covelo Park
Roads and Streets - 2. Oriental Park 7. Asprela Park Porto
Adjacent Municipalities - Garden 3. Prelada Grange 8. Bonjéia Grange N
4. Pasteleira Park 9. S&o Roque Park 0 0.75 1.5Km
5. Cristal Palace Gardens 10. Botanical Garden [

Figure 2. The city of Porto and the locations of the analysed green spaces, by typology.

3.3. Analysis Methods

A total of 54,176 street crimes were selected in the database (37% of all crimes) and
have been analysed at the street segment level. Lower-scale information has not been used
due to data protection issues. Even so, previously, authors have established good perfor-
mances on street-based modes, as opposed, for example, to grid-based [66—68]. The inter-
polation method used to estimate crime density was Kernel Density Estimation (KDE),
often used in crime representation and research because of the visible readability of the
results and also because individual data are not displayed [69,70]. Following previous re-
search in the city of Porto [20,36], the cell size used was 50 m. Like in other international
studies [71], emerging hot-spot analysis in ArcGIS was also applied to analyse changes in
patterns. This tool identifies trends in the clustering of densities of values for a defined
space-time, in this case, the density of street crimes over the ten-year period, considering
cubes of 1 year. For each of these bins, the Getis-Ord Gi statistic was used to identify trends
in the clustering of values.

The spatial comparison of the density of different types of crime was made consider-
ing a fishnet of the same 50 m cell size for the entire city area. A total of 15,902 cells of 50
x 50 m covers the study area. To understand the spatial co-existence and correlations, a
non-parametric statistical method —the Spearman correlation —was applied.

Distance to the greenspaces of the two types (gardens and parks) was performed with
the aid of the Network Analyst tool present in ArcGIS. The street segments, supplied by
the Municipality, were modelled considering average pedestrian walking speeds of 5
km/h, and considering barriers to pedestrian circulation such as highways. Origins were
considered to be the entrances to the parks or gardens, recognized by their gates or entry-
ways, or, in the case of open greenspaces (such as squares), as the adjacent network nodes.
Following Stoia et al. [72], service areas of 5, 10, and 15 min on foot were created, covering
over 95% of the city’s area.
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The distance results made it possible to calculate both the resident population, as well
as the number of crimes of the different types, within each distance band from the green-
spaces. However, because population data are only available at the statistical sub-section
level (more or less a city block; the smallest statistical unit for which census data is avail-
able in Portugal), and because crime data are only available at the street segment level, an
areal-weighting method was used to estimate the values inside each distance band. This
means that the number of inhabitants within each sub-section, and the number of crimes
within each segment, were considered to have a homogeneous distribution, and so calcu-
lations were based on proportions. In order to keep the raster format, only when compar-
ing the presence of crime hot spots with average distances to greenspaces was Euclidean
rather than network distance used. The relationships between population, accessibility,
and greenspace area in the different distance bands were observed, using the 50 spaces as
a unit of analysis, through Pearson correlations.

4. Results
4.1. Distribution and Accessibility of Greenspaces

According to the official website of Porto’s municipality, Porto has 455 hectares of
public access greenspaces, including over 65,000 public trees, amounting to around 22 m?
per inhabitant. Short-term planning strategies of the municipality reveal that 160 addi-
tional hectares of green areas will be developed throughout the city, either by the expan-
sion of existing parks or the creation of new ones. This stems not only from its Municipal
Strategy of Climate Change Adaptation, dated 2016, but also from the above cited associ-
ation with EU’s The Green City Accord. The city aims to create green corridors and prox-
imity gardens, allowing for greater access without the use of motorized transports, be it
in residential or working areas, as well as to improve the city’s environmental adaptation
and response capacity to climate change.

For this research, as mentioned above, 50 public greenspaces were considered, as
presented in Figure 2 and Table 1. These range from the largest green lungs of the city,
such as the City Park to the west, the Oriental Park to the east, Porto’s Botanical Gardens
and the Crystal Palace Gardens, to large greened squares such as the Boavista Roundabout
and the Marqués Square.

These 50 free-access public green spaces occupy an entire area of around 187 hectares
(40% of the city’s official green area), ranging from 0.09 hectares (Gardens of Gondarém
Beach) to 68 hectares (the main City Park) (see Table 1).

Table 1. Descriptive statistics of the greenspaces of Porto considered in this research.

.. . Average
Average Area  Standard Minimum Maximum .
Green Spaces Count Total Area (ha) (ha) Deviation Area (ha) Area (ha) Pe:i(n;e)ter
Total 50 187.1 3.74 9.83 0.09 67.97 0.84
Gardens 38 53.57 1.41 1.69 0.09 8.9 0.54
Parks 12 133.5 11.13 17.94 0.20 67.9 1.73

As previously stated, greenspaces were divided into two typologies, gardens and
parks. The gardens, practically forming a ring around the city centre and then concen-
trated on the seaside front in the western part of the city, are in the majority (n = 38),
although only covering less than one-third of the greenspace. They have an average area
of 1.41 hectares and constitute proximity leisure spaces. The parks are fewer (n = 12) but
considerably larger (the average is 11.13 ha), covering over 71% of the city’s green area
considered, and are located primarily on the outer rim of the city.

These greenspaces are, actually, near the majority of Porto’s population. Indeed, 92%
of inhabitants of the city (213,877) can reach the closest greenspace in 15 min walking or
less (see Figure 3 and Table 2), with 36% (84,117 inhabitants) reaching it in under 5 min
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walking, and another 35% in between 5 and 10 min. As was to be expected, walking ac-
cessibility is better for gardens (in more central areas) than it is for parks (in more periph-
eral areas). For gardens, 60% of the population can reach them in under 10 min walking,
whilst for parks, this number is just 29%. As well, 37% of the population (over 86 thousand
inhabitants) need over 15 min walking to reach a park, which may mean that they require
other modes of transport to be able to access them. Only 19% of the city’s population can
reach both a garden and a park in under 10 min walking, with almost half requiring more
than 15 min walking.

Maia

Matosinhos

Gondomar

Vila Nova de Gaia

Service Areas of Green Spaces

Legend: Green Spaces by Typology Service Areas
(5, 10, 15 minutes on foot)
Roads and Streets - Park - 0 — 5 minutes
) T _ ) N
Adjacent Municipalities I Garden 5— 10 minutes o 075 1.5 Km
10 — 15 minutes A |

Figure 3. Walking distance (5, 10, 15 min) to the closest greenspaces of Porto.

Table 2. Area, population, and street crimes within walking distance from the closest greenspace in
different time intervals.

0-5 min 5-10 min 10-15 min >15 min
Total area covered 8.99 km? (21.7%) 14.13 km? (34.1%) 13.75 km? (33.2%)  4.55 km?2 (11%)
Population within  Greenspace 84,117 (36%) 80,096 (35%) 49,664 (21%) 17,923 (8%)
walking distance Garden 69,382 (30%) 70,134 (30%) 55,100 (24%) 37,184 (16%)
from the closest Park 18,549 (8%) 49,050 (21%) 78,070 (34%) 86,131 (37%)
Street crimes Greenspace 24,771 (45.7%) 15,392 (28.4%) 5172 (9.5%) 8841 (16.3%)
within walking Garden 22,309 (41.2%) 14,382 (26.6%) 5,960 (11.0%) 11,525 (21.3%)
distance from the Park 4725 (8.7%) 12270 22.6%) 14,422 (26.6%) 22,758 (42.0%)

closest

4.2. Street Crime Patterns

According to the data analysed, the street crimes in the city have increased (+35%) in
the ten-year period, whilst the total number of reported crimes in the city has slightly
decreased in the same timespan (-7%). This means that the percentage of street crimes
among the total number of crimes reported has increased from 28% in 2009 to 41% in 2018.
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The spatial distribution of these crimes can be observed in Figure 4. The most prom-
inent concentration occurs in the downtown area (area 8, Figure 1), particularly around
the Town Hall main square (Aliados Avenue) and the main pedestrian shopping street of
the city (Santa Catarina Street). However, with few exceptions, in this location, street
crimes only account for half or less of the total crimes therein.

7

7\

Maia

Matosinhos

Gondomar

Vila Nova de Gaia

Legend: Kernel Density Estimation, Registered Street Crimes 2009 — 2018
Roads and Streets B 0-320 [ ]1001-1400 [ 2701-3600

74, Green Spaces [ 321-650 [ J1401-2000 [ 3601-4500 Nl o 05 1Km
Adjacent Municipalities [ 651- 1000 [ J2001-2700 [l 4501-6178 A | |

Figure 4. Kernel Density Estimation, considering a 50 m cell size and crime at street segment, for all
reported street crimes between 2009 and 2018 in Porto (source: own; based on untreated raw data
from the Public Safety Police).

The locations where street crimes have a higher weight in relation to the total number
of crimes appear to the west of the city centre, resulting in secondary concentrations. These
include the areas around Boavista and Marechal Gomes da Costa Avenues (area 4, Figure
1), Campo Alegre street (area 5, Figure 1), as well as the seaside promenades (areas 1, 2,
and 10, Figure 1). The place where the Atlantic Ocean meets River Douro is another high-
density location. Elsewhere, in the north part of the city, is also visible a concentration of
street crimes near the main hospital and one of the major university poles (area 6, Figure
1).

As expected, spatial patterns are distinct when considering the different types of
crime. Figure 5 shows three examples of the thirteen crime categories under study. Pick-
pocketing is extremely concentrated in the downtown area, as are other street thefts like
wallet thefts and supermarket thefts and, to a lesser extent, thefts in the street (also dis-
played); whilst thefts in motorized vehicles are more prominent in various points in the
western, more affluent side of the city. Thefts of vehicles are, on the contrary, more com-
mon to the east, and robberies in service stations are mostly seen in the outer rim.
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c) Thefts in the Street |

Legend: i imati

d Kernel Density Estimation by typology 2009 — 2018
— Roads and Streets - 0-77 |:| 1027 - 1608
W Green Spaces - 78 — 260 - 1609 -2235

Adjacent Municipalities || 261 - 566 B 22362804 A 0 08 16Km
[ Jse7-1026 [ 2895-3 904

Figure 5. Kernel Density Estimation, with 50 m cell size and crime at the street segment level, for
three of the thirteen categories analysed: (a) pickpocketing, (b) thefts in motorized vehicles, and (c)
thefts in the street, between 2009 and 2018 in Porto (source: own; based on untreated raw data from
the Public Safety Police).

Considering yearly data (Figure 6), it is evidently clear that the historical centre (areas 8,
9, and 10, Figure 1) is the location where street crimes mostly concentrate over time. Near the
City Hall, there is a concentration of Intensifying Hot Spots, i.e., of locations considered statis-
tically significant hot spots for 90% of the time-step intervals, and where the intensity of clus-
tering of high counts in each time step is increasing overall. To the south, there is a large section
of Consecutive Hot Spots, i.e., locations with a single uninterrupted run of at least two statis-
tically significant hot spot bins in the final time-step intervals. This pattern is also seen in the
extreme west of the city (area 1, Figure 1), on the seaside promenade. To the west of the city
centre, in Boavista (area 4, Figure 1), Persistent Hot Spots are noticeable. These relate to loca-
tions that have been statistically significant hot spots for 90% of the time-step intervals with
no discernible trend in the intensity of clustering over time. Around the city centre, and at the
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western edge of area 4, as identified in Figure 1, New Hot Spots are detected. These are loca-
tions that are statistically significant hot spots for the final time step, but had never been sta-
tistically significant hot spots before. Finally, consecutive and persistent cold spots are mostly
found in the east of the city.

Maia
Matosinhos

Gondomar

Vila Nova de Gaia

Emerging hotspot analysis for Street Crimes (2009 — 2018)

E’ New Hot Spot Diminishing Hot Spot || New Cold Spot Diminishing Cold Spot
- Consecutive Hot Spot Sporadic Hot Spot - Consecutive Cold Spot Sporadic Cold Spot
W Intensifying Hot Spot ,U Oscillating Hot Spot M Intensifying Cold Spot ",.;l,,‘, Oscillating Cold Spot

- Persistent Hot Spot Historical Hot Spot - Persistent Cold Spot Historical Cold Spot

No Pattern Detected

Figure 6. Emerging hot spot analysis for reported street crimes between 2009 and 2018 with a 1-year
time step (source: own; based on untreated raw data from the Public Safety Police).

4.3. Spatial Co-Existence of Street Crimes

Considering the 50 m x 50 m division of the study area, 15,902 overall cells were used
in the calculations. Initially, Spearman correlation (considering non-linearity and non-
normality) was considered to estimate the correlations between the total and the thirteen
different types of crime amongst themselves (Table 3). Almost all relationships are statis-
tically significant, but it should be noted that the N is very high. However, there are high
(above 0.7) Spearman’s rho (), particularly between the total of street crimes and the
thefts in motor vehicles (0.911), wallet thefts (0.846), thefts in the street (0.842), and rob-
bery/pickpocketing (0.811). It also occurs in these categories between themselves, partic-
ularly between robbery/pickpocketing and thefts in the street (0.879). The association with
the concentrations in the downtown area seems evident, as some of the examples in Figure
5 show. Other associations are seen, for example, between robbery/pickpocketing and
thefts in a supermarket (0.633) and between bank/treasury and post office robberies
(0.521), services that may tend to be located in similar areas of the city, and between rob-
bery in public transports with pickpocketing and thefts in the street.

On the contrary, non-significant relationships are seen between treasury or post office
robberies and wallet thefts, bank and service station robberies, and bank robberies with dam-
age to cultural property, seeming to indicate their occurrences in distinct areas of the city. Pre-
cisely, damage to cultural property has a negative relationship with post office or service sta-
tion robberies, as does service station robberies with the thefts in motor vehicles.
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Table 3. Spearman correlation between the distance to greenspaces and 14 types of crime (total + 13 categories) considered, based on a 50 m cell grid.

Distance to Distance Distance  Total Rob.- Theft in Theft of Mo-Wallet Theftin a Theft in Bank e o 2] Se'rv1ce Sta- Rob'bery in Damage to Fire or Other
Green to Gar-  Street bery/Pick- Motor Ve- . Supermar- Rob- X tion Rob-  Public Trans- Cultural Prop- Dam-
to Parks . . . tor Vehicles Theft the Street Office Robbery Arson
Spaces dens Crimes  pocketing hicle ket bery bery ports erty age
Distance to 1 0.608 **  0.649** -0.00078  0.095 ** -0.047 ** 0.196**  0.0065 0.093**  0.048** .110** 0.050 ** 0.310 ** 0.254 ** -0.340**  -0.002 0.239 **
Green Spaces
Dli:z;z: 0 1 0.071**  0.275** 0.350 ** 0.250 ** 0.266 ** 0'3*65 0.354**  0.279** 0.328 ** 0.087 ** 0.261 ** 0.352 ** -0.091 0’334 0.397 **
D‘Starzf:;: Gar- 1 -0258* -0187*  -0265%  -0.147% U022 _g3o2% 054 % _go35e 0.115* 0.084 ** 0564 0265 0.083
Total. Street 1 0.811 ** 0.911 ** 0.569 ** 0846 0.496 **  0.842* 0.426 ** 0.084 ** 0.052 ** 0.378 ** 0.232 ** 0-260 0.602 **
Crimes o .
Robbery/pick- 1 0695 0650 U770 0633%  0879% 0428%  0.088™ 0.218 ** 0.550 ** 0204% 0322 o730
pocketing -
Theitin motor 1 0aga= 001 oasie o707+ 0520 0146+ ~0.039 ** 0.259 0186% 100 0445
vehicle ** 4
Theft of motor 1 0455 0580+ 0496 0286*  0.114% 0.346 ** 0.346 020 "% gpazee
vehicles ** -
0.309
Wallet theft 1 0.530**  0.807 ** 0.286 ** 0.00486 0.073 ** 0.427 ** 0.223 ** o 0.628%*
Thef;i‘i::‘per' 1 0.536* 0.261*  0.047* 0.357 ** 0.446 ** 0260 042 g 70
Th‘;i:ztthe 1 0369%  0.071* 0.088 ** 0.516 ** 0169 2% 696
0.232
Bank robbery 1 0.521 ** -0.0042 0.239 ** -0.0142 o 0.3327%%
Treasury or post 1 0.067 0.183 023w 014 gos5 e
office robbery -
Service station 1 0197 ** 0,091 % 0.071 0341 *
robbery ok
Ro.bbery in pub- 1 0.018 * 0.240 0.677 %
lic transports -
Damage to cul- 1 0-354 0.166 **
tural property s O
Fire or arson 1 0.383**
Other damage 1

**_ Correlation is significant at 0.01 (2 tailed)/*. Correlation is significant at 0.05 (2 tailed).
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4.4. Street Crimes in Relation to Distance to Greenspaces

As previously displayed in Table 2, almost half of the total street crimes (45.7%) are
actually within a 5 min walking distance of a Porto greenspace. Crimes diminish with the
5 min distance bands, with 28.4% up to 10 min, and 9.5% up to 15 min, meaning that 83.7%
are within 15 min. On the contrary, the population is about the same in the first two inter-
vals (36%), diminishing to 21% in the 10-15 min interval. This means that the ratio of street
crimes per inhabitant diminishes from 0.29 in the first 5 min to 0.1 in the 10-15 min inter-
val. The ratio significantly augments to 0.49 in over 15 min from any greenspace, because
the population is less (8%), but still making up 16% of the total crimes.

There are, however, evident differences when considering not only the subdivision
of greenspaces between gardens and parks, but also the distinct categories of street crime.
Only 8.7% of street crimes are within a 5 min walking distance of a park, whereas the same
number for gardens is 41.2%. And, whilst, as for the total greenspace, the amount of street
crimes diminishes with the distance to gardens until 15 min walking, for parks, it actually
increases from 8.7% to 26.6% in the 10-15 min interval. However, there are much fewer
inhabitants living right next to parks (only 8%) than to gardens (30%). The percentage of
inhabitants increases with the distance to parks, leading to a consistent ratio of around
0.25 crimes per inhabitant in the various distance bands, while it decreases with the dis-
tance to gardens. Indeed, as Table 3 shows, distances to parks and gardens have a small
correlation between themselves, showing that they exist in distinct areas of the city, and
that may justify their different associations with the occurrence of different types of
crimes. Gardens exist in and around the city’s core, and then along the shore, whilst parks
exist mainly along or outside the city’s ring road. The physical characteristics that differ-
entiate greenspaces could also justify these differences, whether by the average size, den-
sity, and maintenance of vegetation, for example, as well as the frequency of visits, the
local socio-economic context, and surveillance. Consequently, the total street crime den-
sity displays a negative association (-0.258) with the distance to gardens, meaning that the
further from the Garden, the lower may be the crime density.

Figures 7 and 8 present how the total amount of registered crimes are distributed by
categories and by walking distance, considering the respective subdivisions. As Figure 7
shows, street crimes diminish as the distance increases to gardens: 26.5% are within 5-10
min, and 11% are within 10-15 min. This inverse relationship to gardens occurs for prac-
tically all crime types, with higher negative correlation values (Table 3) for damage to cul-
tural property, thefts in supermarkets, and thefts in motor vehicles. Indeed, an astounding
79.1% (Figure 7) of damages to cultural property occur within 5 min walking from a gar-
den (against just 6.3% from a park). Over half of wallet thefts and over 40% of rob-
bery/pickpocketing, thefts in motor vehicles, thefts in a supermarket, and thefts in the
street also occur within 5 min walking from a garden. Such concentrations of street crimes
occur in different parts of the city. Thefts in supermarkets, wallet thefts, and pickpocketing
occur mostly around the gardens of the downtown area; thefts in motor vehicles have a
peak around Jardim do Passeio Alegre, in the promenade where the ocean meets the river;
and damage to cultural property peaks around the Crystal Palace Gardens (5, Figure 2).
On the contrary, service station robberies (23%) and treasury or post office robberies (14%)
occur less in close proximity to gardens. Almost 50% of service station robberies, almost
30% of treasury or post office robberies, and over 35% of bank robberies are over 15 min
walking from a garden.
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Figure 7. Distribution (in percentages) of the total amount of each typology of registered crime, by
walking distance to overall greenspaces, gardens, and parks.

On the contrary, for parks, a positive coefficient is observed in practically all catego-
ries (Table 3). This can mean, overall, that the shorter the distance to parks, the lower the
crime density. There is no category that has over 10% of crimes within a 5 min walking
distance from a park (Figure 7). The correlation values are higher for supermarket thefts,
bank robberies, pickpocketing, service station robberies, robberies in public transports,
and other damage; and indeed, these are the categories in which a very large percentage
of crimes occur in over a 15 min walking distance from a park. Namely, almost 70% of
service station robberies, almost 65% of bank robberies, and between 40 and 45% of rob-



ISPRS Int. ]. Geo-Inf. 2023, 12, 492

17 of 24

beries in public transports, other damage, robbery/pickpocketing, and thefts in motor ve-
hicles. It is also noteworthy that almost 65% of damage to cultural property and 55% of
treasury or post office robberies occur between 10 and 15 min walking distance from an
urban park. These concentrations are mostly associated with the Campo Alegre neigh-
bourhood (area 5, Figure 1), the downtown area (areas 8-10), near FC Porto’s stadium
(area 12), and the industrial area (area 3).

5-10minwalking [ I | 9
8
2
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
o
By
o
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
o-sminwaiing [ [
5-10minwaiking R I e |
el
El
>1sminwaing [ [
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Legend: I % Robbery/pickpocketing B % Thefts in motor vehicle % Thefts of motor vehicle
. % Wallet theft . 9% Theft in a supermarket . % Theftin the street
% Bank robbery . % Treasury or post office robbery % Fire or arson
I % service station robbery B 2 Robbery in public transports 9% Damage to cultural property

% Other damage

Figure 8. Distribution (in percentages) of how total street crimes, by walking distance, are divided
into crime typologies, for overall greenspaces, gardens, and parks.

In Figure 8, it is possible to understand the distribution of crime categories by each
of the service area intervals around greenspaces. Actually, overall, there is a tendency to
follow the city’s distribution pattern. In each of the time intervals to a greenspace (0-5, 5—-
10, 10-15, and over 15 min), there is a relatively even distribution, with thefts in motor
vehicles always representing over half of registered street crimes (50-55%), thefts in the
street around 10%, robbery/pickpocketing around 5%, other damage between 4 and 6%,
thefts in a supermarket around 2%, robberies in public transports and fire and arson
around 0.5%, and bank robberies, treasury or post office robberies, service station rob-
beries, and damage to cultural property with the residual weight, always below 0.2%. No-
ticeable differences only occur in the two remaining categories, theft of motor vehicles
(representing 11.4% of total street crimes) and wallet theft (14.3%). There is a trade-off
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between these two typologies, with wallet theft having higher percentages in under 10
min of walking proximity to a greenspace (15-17% against 10-12%), but theft of motor
vehicles having a higher weight in the interval 10-15 min (19% against 5%).

When looking at the differences between parks and gardens, similar conclusions are
drawn, with only a few differences. Theft in motor vehicles has a higher weight (58%) in
0-5 min walking distance from a park, and a higher weight (59%) in 5-10 min walking
distance from a garden. The trade-off between wallet theft and theft of motor vehicles
occurs because the first are clearly closer to gardens (18% in the 0-5 interval) than the
second (18% in the 10-15 interval). Wallet theft also accounts for 22% of crimes in the 5-
10 min interval from a park.

Considering the association of the emerging hot spot patterns (Figure 6) with the av-
erage distance to greenspaces, gardens seem to be undeniably closer to hot spots than
parks, displaying on average values under 300 m. Parks are on average 1 kilometre further
from intensifying or persistent hot spots. On the contrary, cold spots are generally closer
to parks, although the differences are not so great. In particular, consecutive and new hot
spots are located on average under 600 m from parks.

Finally, considering each greenspace as a unit of analysis (1 = 50), an association was
computed between the various variables used in the study: area and type of greenspace,
population and street crimes in the different distance bands. Table 4 summarizes the most
significant statistical results. Area of greenspace is not seen as statistically significant in
relation to street crimes in the various bands, even though the sign of the coefficient is
negative except for crimes over 15 min walking. Both for the total amount of greenspace
and gardens, street crimes in the 10-15 min range are positively correlated with the pop-
ulation between 5 and 15 min, but negatively correlated with the population over 15 min.
That association is not seen for the larger parks.

Table 4. Pearson correlations between area, population, and street crimes, considering walking dis-
tances to greenspaces.

Area Street Crimes  Street Crimes Street Crimes Street Crimes
>5 min 5-10 min 10-15 min >15 min
Area 1.000 -0.183 0.186 -0.190 0.197
Population 1 _, - 0.148 0.147 0.248 ~0.209
>5 min
Fopulation == _, |, 0.216 0.222 0.352 * 0302 *
5-10 min
Population /- 0.163 0.133 0.290 * -0.228
10-15 min
Fopulation 1 -, ;,, ~0.188 -0.173 -0.323* 0.264
>15 min

*. Correlation is significant at 0.05 (2 tailed).

5. Discussion

The geography of crime is not random. Environmental criminology research has suf-
ficiently proved it, and this research confirms it for the particular case of the city of Porto,
in Portugal. Therefore, as LeBeau and Leitner [4] had written, Geography is shown as a
discipline able to make important and long-lasting contributions to crime prevention.

This role has become even more prevalent in the last two decades, when the spatial
analysis and modelling capacity of Geographical Information Systems allowed for a
clearer understanding of spatial patterns and spatial determinants. For that, two things
are crucial. The first is that there is sufficient confidence between institutions to share data
and know-how. The 10-year dataset of street crime data, at the segment level, was sup-
plied through a protocol with the Porto Municipal Police and extensively treated and cu-
rated by the project team, in order to produce the original cartography presented and to
support the analysis of patterns. The spatial understanding provided by geo-information
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and spatial analysis can be the common ground, or at least an important first step, for
discussing how these two spheres (security organizations and academia) and various dis-
ciplines (such as police, planning, geography, and sociology) can work together in deter-
mining the way the territory is planned, designed, and ultimately secured. Further dis-
cussions on the patterns of crime, or its association with other variables related to land
use, function, and socio-economic and morphological patterns, cannot be made if this cru-
cial first step, access to crime data and the capacity to spatially map and interpret it, cannot
be made.

In this paper, that initial step is made and presented, supporting future studies by
establishing the locations of street crime, crime hot spots, and variations over time; the
results confirming the postulates of the Law of Crime Concentration [22]. The historical
city centre is the most concentrated hot spot over time, and there are geographical varia-
tions in crime density between locations, but also between distinct types of crime. Then,
an exploratory analysis was made in order to understand how different categories of street
crime are spatially distributed in the city, using as a point of departure the distance to
existing greenspaces, divided into two categories. This is considered a pertinent research
question because the city of Porto aims to add to its recent popularity as a touristic and
liveable destination for foreigners, the epithet of a “green city”. For that, the municipality
has pledged to double the amount of green and biodiverse space in the upcoming years,
and this can be one contributing solution to tackle various issues. Previously, Lewis et al.
[38] suggested that, for Porto, attractive landscapes could draw visitors away from the city
centre, thus reducing its pressure. Furthermore, international research has extensively
pointed to the positive impacts of greenspaces on human health, quality of life, and socia-
bility [29-31], as well as on crime patterns at micro-scales [33,34]. Many authors agree that
there is an inverse relationship between greenspaces and crime [29,32,40-45], even though
the sign of this correlation can be variable with the intrinsic characteristics of each space
and type of crime. Recent studies have used, for example, the NDVI (Normalized Differ-
ence Vegetation Index), based on satellite imagery, as a proxy for greenspaces, and in this
case, inverse connections have been established with overall crime [73], more violent and
property crimes [44], and non-violent crimes [74], but such conceptualization is still sim-
plified as to what properly constitutes a greenspace that can be experienced [44].

In this research, a choice was made not to look at the entire spectrum of green infra-
structure but to start exploring the relationship of crimes to the larger greenspaces of free
access in the city. In this initial spatial analysis, the tendency towards an inverse relation-
ship is maintained, even though it is not clearly straightforward, precisely because it de-
pends on the type of crime and on the type of greenspace. This study has divided street
crimes into thirteen typologies, according to Neves [63], and greenspaces into two types,
the gardens, often smaller and around denser areas or closer to the city centre, and the
parks, generally of larger size and in peripheral areas of the city. Their distinct geograph-
ical distributions cause different relationships to crime patterns, themselves different ac-
cording to typologies, as the literature has established [5], supporting the notion, to some
extent, that urban conditions influence how criminality is spread throughout the city.

Almost half of the city’s street crimes (46%) are within a 5 min walking distance from
a greenspace. However, there is a clear distinction between the gardens (41% of crimes
within the same distance band) and the parks (only 9%). Thus, overall, considering also
the association with the emerging hot spot analysis, it can be said that a higher crime den-
sity and crime hot spots appear closer to urban gardens, diminishing with distance; and a
lower crime density and crime cold spots appear closer to parks, increasing with distance.
Actually, no crime category has over 10% of its occurrences within a 5 min walking dis-
tance from a park, with the greatest percentages occurring in the over 10 or 15-min dis-
tance band.

Roughly, it could then be stated that the larger the green area, the lesser the sur-
rounding crime rates, but this generalisation must be approached cautiously, precisely
because of their distinct locations in the city and because the influence was considered as
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a group, not individually. For example, cultural property damage is greatly associated
with gardens, with over 80% of this type of crime occurring within the 5 min walking
distance band. But this typology has the highest peak around a particular garden (Crystal
Palace Garden), a location where other activities and services exist, such as the art galleries
and the independent shopping district, whilst the Crystal Palace itself includes an arena
for concerts and events.

This crime typology, damage to cultural property, is also negatively correlated, for
example, with post office or service station robberies, suggesting that they occur in distinct
areas of the city. Gardens, closer to the city centre and to the population (60% within 10
min walking), have a specific association not only to the greater overall hot spots of crim-
inality —that occurs precisely in the city centre —but also to crime types particular to that
location, as theft in a supermarket. In turn, these are located further away from the parks,
which tend to occupy larger areas in the outer rim of the city. Crimes like wallet theft,
pickpocketing, and theft in motor vehicles highly correlate, but they also concentrate in
the centre, and others like bank, post office, and service station robberies happen else-
where.

Location and the physical characteristics of greenspaces (such as size) and population
density (particularly in the 10 min range) may indeed contribute to these distinctions, but
this research also uncovered another pattern that both follows the literature (crime pat-
terns stable over time) and contradicts it (criminality distributed differently throughout
the city). Regardless of the distance band to greenspaces, and often their size, the propor-
tion of crime categories, between themselves, has stayed consistently even, with theft in
motor vehicles (50-55%); theft in the street (10%), theft of motor vehicles, and wallet theft
amounting to almost 80% of street crimes in all distance bands, and the last two trading
off, as wallet theft has a closer affinity to greenspaces (particularly gardens).

It is recognized that this study is limited by the small number of variables used at
this early stage, and the fact that greenspaces are only included as locations for distance
analysis and not by their intrinsic characteristics, save area and overall type. The crime
databases the research team had access to and treated spatially only included street seg-
ment information, so crimes occurring inside greenspaces were actually registered on the
adjacent streets. Furthermore, at this stage, control variables have not been considered to
account for the potential co-variates that certainly influence the density of criminal occur-
rences, be they socio-economic, morphological, or environmental. As Weisburd et al. [21]
affirmed, spatial units are also relevant social systems, and their variability needs to be
tackled at a micro-scale, as socio-urban contexts influence patterns observed in surround-
ing green areas [42,61], as do physical features and environmental quality [46]. And green-
spaces themselves have different characteristics, so generalizations cannot be directly
made [44], as confirmed by this initial analysis. Variables like income, education, housing,
and diversity have been analysed by several authors [44,73-75] in relation to greenery,
using, for example, OLS. This is the future step of this research, working in partnership
with the Porto police.

The purpose of this first step was precisely that, to present an initial exploratory data
analysis aimed at understanding overall patterns and guiding future, more focused, re-
search. It should be noted that the spatial explicitness of this research is still not often seen
in the literature, particularly in certain contexts (Portugal included), where a culture of
crime mapping by local authorities is still wanting. These results show—to our
knowledge—a never before published understanding of crime patterns in the city of
Porto, pointing to their spatial and proportional stability, and to spatial distinctions of
crime categories in relation to greenspaces that can advise future research and planning.

Even so, it must be noted that correlation does not mean causation (especially in the
case of a large N, as in Table 3), and that additional variables should be included to un-
derstand if these initial findings are a consequence of greenspace itself or other phenom-
ena. For example, larger greenspaces exist in the outer rim of the city, in areas often with
a lower population density, sometimes more isolated, and containing other types of land
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use. By pinpointing these locations and defining external and internal effects, specific ar-
eas can be analysed, and effective measures of environmental criminology can be pro-
posed. Yet another concern is related to whether improving one space does not simply
lead to crime and incivilities” displacement to another. This has been a concern since the
initial formulation of environmental criminology theories in the 1970s and 1980s [8]. How-
ever, authors like Heal and Laycock [76] were already discussing that this relocation
would inevitably bring about a reduction and allow for the confinement of occurrences in
specific areas that could then also be managed accordingly. The concept of geographical
juxtaposition [77] also has important implications for potential displacement, but this dis-
placement can be “benign”. If environmental criminology principles are properly dif-
fused, then the benefits appear to outweigh displacement effects [8]. Particularly for
greenspaces, the recent study of Gong et al. [78] suggests that there was not an increase in
crime in areas adjacent to greening interventions. On the contrary, greenspaces seem to
have all around positive effects on the liveability of urban spaces.

6. Conclusions

The research carried out displays the importance of intelligence-led policing models,
in which higher education institutions and public safety authorities collaborate and share
know-how. In a country like Portugal, as in many smaller countries, crime mapping using
digital technologies is still not widespread, and access to crime data (especially georefer-
enced data) is limited. More protocols and more research are needed and required. It is
expected that such spatial knowledge will revert back to the proper planning and safety
authorities to support decision-making for not only making urban spaces safer, but also
for understanding the relationships between morphology/land use, behavioural and
crime patterns. However, it should be acknowledged that these relationships are complex
and depend on an array of domains and variables at various levels (from the macro to the
micro), and therefore, must be tackled by multiple areas of expertise simultaneously. The
challenge lies not only in properly collecting, curating, and mapping crime, morphologi-
cal, and socio-economic data; it also lies in efficiently using (digital) tools to continue to
monitor urban spaces and keep dialoguing with and informing the public authorities.

Thus, these results show the potential of Geographical Information Systems to un-
derstand patterns and support decision-making and how the Geography of Crime/Crim-
inology of Places is a key discipline to create important territorial knowledge to inform
lower-level analysis and place-based interventions, dealing with specific problems and
types of crime. The literature suggests that greenery can be a relatively inexpensive solu-
tion to tackle feelings of (in)security, and also that more studies that contribute to under-
standing the causality between crime and greenery through data-gathering and analysis
methods are required. So, as Porto’s municipality aims to expand existing parks and create
new proximity gardens to allow greater access without motorized transport, understand-
ing how the spatial relationship between crime and greenspaces currently stands is an
important first step to properly plan and implement these spaces. This is paramount to
empower decision-makers to achieve sustainable solutions for the future of urban spaces.
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