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Crime is not randomly distributed over space and especially not in rural areas 
(e.g., Algahtany et al., 2018; de Knegt et al., 2021; Gill et al., 2017; Miller, 
2014). Knowing where crime takes place or how it is distributed by using 
geographical information systems (GIS) can be important to understand-
ing its nature and acting upon it. Although the role of “place” has become 
increasingly important in criminology (Eck & Weisburd, 1995), much of the 
traditional rural criminology literature has paid little attention to the geo-
graphical features of crime and, until recently, neglected the rich knowledge 
offered by interdisciplinary perspectives from geography and other related 
disciplines.

In this chapter, we offer an introductory discussion of the potential use 
of geographical information (GI) and spatial analytical tools such as GIS in 
rural criminological research. We suggest that GI—loosely defined here as 
“location of a phenomenon” but which may include any other spatial GI—is 
an important element in the discovery of patterns of regularities that can 
be powerful in rural criminology research. GIS refers to “a broad range of 
computer-based tools for capturing, storing, generating, analyzing, and dis-
playing geographic data in support of integrated decision making” (Zhang 
& Drake, 2014).

This chapter starts by discussing what GI is and its importance to research 
in rural areas. In particular, we introduce GIS and other related spatial analyt-
ical tools. Given the nature of rural environments and the legacy of Cartesian 
mapping traditions, we highlight the main challenges of using GIS in rural 
criminology research. We believe that the benefits outweigh these drawbacks 
and we provide a series of examples (mostly from the author’s own research 
in Sweden) showing the potential for employing GI and spatial analytical 
methodologies in rural criminology. We finalize the chapter by looking at 
what lies ahead in terms of research frontiers.

Chapter 11

Geographical Information and 
GIS in Rural Criminology
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128  V. Ceccato

Current Uses of GI and Geographical 
Analysis in Rural Criminology

How to Start?

Almost everything that happens, happens somewhere (Longley et al., 2005), 
so being able to identify where a phenomenon happens can be critical to 
understanding its nature and allowing evidence-based interventions. A crime 
address is crucial information but more importantly, is the geocoding of that 
crime address. Geocoding is the process of transforming a description of a 
location (an address, or a name of a place) to a location on the earth’s sur-
face, namely a GI or here a pair of x,y coordinates. GI is a model of the “real 
world” and can be represented by different types of shapes on a map, as a 
point, a line, or a polygon. Figure 11.1 shows these forms of representation in 
vector and raster shapes.

A crime can be represented by a unique pair of x,y coordinates that locate 
that particular event on the globe, either as a raster or a vector data. More 
often, point data indicate the exact location of individual measurement, such as  

Figure 11.1  The nature of spatial data (Source: Based on Hamylton, 2017, p. 38)
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a crime occurrence. Depending on the scale, a point may represent, say, a 
whole village in a region containing some criminological information. If the 
points are samples of pollutants in a river, for example, they can be repre-
sented as surfaces after interpolation of the points. In that case, GI becomes a 
continuous surface, so samples (data values) are possible at each of an infinite 
number of locations. Polygons often indicate areas, districts, municipalities, 
regions, or countries that “exhaust” in space. Polygons such as census tracts 
are popular in the ecological analysis of crime because they allow crime to 
be easily overlaid with demographic and socioeconomic characteristics of the 
areas as well as aggregations of features, such as points and lines within their 
boundaries. Spatial analytical tools (see examples in the next section) can be 
easily applied to polygons or grid cells or lattice or raster data, such as satellite 
images detecting illegal discharge or a plume of chemicals entering a river or 
stream. Finally, lines can be rivers or even the trail of intruders captured while 
poaching rhinoceros.

Analyzing crime in space demands spatial analytical tools, such as GIS. 
Traditionally, the use of GI in criminology research has been linked to the 
technological development of GI technologies, in particular the advent of 
GIS in academia, in specific disciplines and police forces. GIS have made 
geographical analyses of crime data possible for a wide number of users, 
facilitating the integration of many types of data into a common spatial 
framework. More recently, qualitative data coming from crowdsourced 
data, remote-sensing data from drones or satellite imagery, data from vir-
tual reality (VR) environments, from global positioning systems (GPS), 
and other tracking devices—to name a few—has led to innovative ways 
of visualizing and analyzing the growing amounts of geocoded data. The 
value of using GIS in criminological research has increased with the option 
of enhancement with spatial statistical techniques and, lately, machine  
learning.

The Main Challenges of “Doing” 
Rural Research Using GIS

Rural crimes are crimes that take place in rural contexts. The good news 
is that these crime opportunities do not happen randomly in space; they 
reflect people’s whereabouts and where people converge and diverge in space 
(Brantingham & Brantingham, 1984). If we can predict the convergence in 
space and time of motivated offenders and suitable targets and the absence of 
capable guardians (Cohen & Felson, 1979), then we might have a chance to 
prevent crime. Some are ordinary crimes, crimes against property or a person, 
while others are more specifically related to the opportunities for crime that 
only occur in rural areas. Some are located in villages, others on farms. Rural 
crime includes offenses that are typical of rural activities. In places where 
agriculture dominates the local economy, theft of tractors or cattle, property 

BK-TandF-WEISHEIT_9780367632885-211613-Chp11.indd   129 11/02/22   1:01 PM



130  V. Ceccato

crimes against the unit of production (farm), or farmers (animal rights activ-
ists against farmers) are part of the criminal palette. In most remote areas, 
criminal acts against nature or wildlife, also called environmental crimes, 
may occur. Cases of excessive levels of air, water, or soil pollution, deforest-
ation, illegal mining, and injuries to livestock and wildlife are examples 
recorded in the international literature.

One problem in rural criminology is that, compared with urban environ-
ments, it is not always easy to identify patterns of human activities in the 
rural that are criminologically relevant because these patterns are fewer than 
those found in urban areas. This scarcity is not only spatial but also temporal, 
which means that current environmental criminological theories and analyt-
ical tools that typically fit urban environments may not be adequate to study 
crime in remote, sparsely populated rural environments. McCleary (2008) 
contests this idea by suggesting that the spatiotemporal convergence of targets 
and offenders generates ambient victimization risk that operates identically 
in rural, suburban, and urban areas. The author adds that because rural areas 
ordinarily have lower levels of visible police presence, rural hotspots may be 
riskier than their suburban and urban counterparts. In theory, because of the 
relative scarcity of police in rural areas, offenders may find rural areas more 
attractive, at least for certain types of crime.

Crime goes under-detected in rural areas, and this is also problematic. 
First, because of the remoteness of crime location, it may never be discovered 
or revealed (Ceccato & Uittenbogaard, 2013). When there are suspicions of 
a crime, the link between crime suspects to the actual crime location may 
be difficult to establish for certain types of crime (Lega et al., 2014). Modern 
technologies, such as drones and other types of remote sensors, can be used 
to get a temporal signature of illegal actions.

When a crime is detected, it may not be reported to the police for any 
number of reasons. Long distances to a police station (or lack of access to the 
internet) make crime reporting practices more difficult in rural areas (Stassen 
& Ceccato, 2019). Cases of crimes linked to environmental damage, for 
instance, may not be reported because they are normalized by “that’s the way 
people do business in rural areas” (Stassen & Ceccato, 2020; Sykes & Matza, 
1957). Reporting crime also depends on people’s trust in police in rural 
areas. Some believe that “reporting crime to the police is a waste of time” 
( Johansson, 2020) in Sweden because many crimes are never properly inves-
tigated or lead to prosecution (Ceccato & Dolmen, 2013). Domestic violence 
and other crimes that take place in the private realm are also known to be 
highly underreported because of community and gender norms (DeKeseredy 
et al., 2009), and many researchers believe that official data for rural areas is 
particularly problematic. For instance, the distances between houses in rural 
villages are often greater than in urban centers. This fact makes it difficult for 
neighbors to detect violence that occurs indoors. Also, if a person suffering 
domestic violence decides to seek help, it is not always easy to get away from 
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the house (DeKeseredy et al., 2004) because the nearest shelter may be many 
miles away (Ceccato, 2015a), and the distance may be exacerbated by poor 
or no public transportation (Lewis, 2003) or limited access to the internet or 
mobile phones (DeKeseredy & Joseph, 2006).

When a crime is reported, the exact location of the event (or information 
about the time of the occurrence) may be missing for different reasons. For 
instance, the person who reports the crime may not know the place well, 
or police officers or systems may fail to find the exact location. In particular 
rural areas, the lack of nearby structures (such as a house, farm, roads, forests) 
makes it particularly difficult to register the exact location of a crime. Equally 
relevant is the information about when the crime occurred. In many cases, to 
attach a time tag to the crime event is difficult or virtually impossible because 
the crime location is often unattended.

In reality, fewer people reporting crime means fewer events, which ana-
lytically means that simple crime indicators, such as crime rates, can become 
quite unstable because of poor population basis by area. As an individual is 
“taken away from” (or added to) the population basis, crime rates may dras-
tically increase (or decrease), which can be problematic when the goal is to 
identify concentrations of events or the effects of an intervention over time 
in a particular area.

The problem of denominator when representing rates of crime is not new 
and is not limited to rural areas. Seasonal variations of visiting population in 
rural touristic municipalities are bound to have an effect on the criminogenic 
conditions of these places, as the risk of crime varies over time. Figure 11.2 
shows an example of how total crime in three rural touristic municipalities in 
Sweden varies. Crime levels reflect both population inflow during high sea-
son (potentially more targets and violent encounters) and changes in people’s 
routine activities (from structured to leisure activities, from school to vaca-
tion) in these municipalities. A better alternative to resident population as the 
denominator for crime rates in rural touristic municipalities is an indicator 
for population inflow, which is vehicle traffic data in this example. As vehicle 
traffic flow increases, so does crime (Figure 11.2).

The scarcity and sparsity of events is also problematic when modeling a 
phenomenon in rural areas. Standard statistical methods of analyzing crime 
rates are inappropriate for such data because the population sizes are small 
relative to the rates. This problem is resolved with specialized statistical tech-
niques such as negative binomial regression models that take into account the 
contribution of population size (see, e.g., Kaylen & Pridemore, 2013; Osgood 
& Chambers, 2003).

Despite the fact that still, most crimes in rural areas rely on the physical 
presence of an offender at a particular location (e.g., drug markets, thefts, etc.), 
crime is becoming less dependent on “space.” New types of computer-based 
communication are becoming facilitators for traditional crimes, as can be 
seen in the physical world, such as pedophiles looking for potential victims 
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on youth chat forums, fraud, drug delivery. This imposes new challenges 
for the police for a number of reasons. The police may not have knowledge 
about how to track down suspects or because the police have to search for 
criminals that are often far from their police jurisdiction. The use of social 
media (e.g., Facebook, Twitter, Instagram) also creates a new interface of 

Figure 11.2  �Crime denominators in rural touristic areas: Crime (percent) in relation 
to the inflow of vehicles in (a) Gotland (summer destination) and Åre and  
(b) Malung-Sälen (winter destination) (Source: Adapted of Ceccato, 2015b, 
pp. 86–87)
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communication that invariably leads to threats and harassment among groups 
in conflict (Ceccato et al., 2021), rarely revealing information about the loca-
tion. Additionally, in Sweden, according to the Swedish farmers’ federation 
( Johansson, 2020), farmers have increasingly become victims of fraud over 
the phone and computer in the past decade.

In summary, if crime data in rural areas can be unreliable, is there a way 
to overcome this problem? The answer is yes. There are many ways to deal 
with this problem. One may collapse the data over a couple of years in order 
to create a more robust basis (more events mean that it makes easier to iden-
tify solid patterns and avoid sporadic outliers in the data). Another solution 
to assure the validity of research is to triangulate several data sources (sam-
ples) and/over different methods of data collection over the same study area. 
Another solution is to modify the size of the units of analysis by aggregating 
small zones into larger to make geographical zones more comparatively stable 
over time.

Interdisciplinary in outlook, crime research using GI in rural areas has 
steadily increased in the international literature in the past decade. In the 
next section, we report examples: risk maps of drug-related crimes and web 
surveys, cluster analyses of property crimes, police calls for missing persons 
using social media, and environmental and wildlife crimes (EWC) using 
remote-sensing data.

Examples of the Potential of GIS in Rural  
Criminological Research

Risk Maps and Web Surveys

Although a large body of urban research suggests that situational charac-
teristics shape vulnerability to drug-related harm in urban areas, much less 
evidence is found in rural contexts. Miller (2014) developed a GIS model that 
helps identify high-risk areas for a drug crime in a rural municipality in the 
United States. The results of the risk map from drug scenes in Burlington, 
Iowa, are illustrated in Figure 11.3. The author was able to detect areas with 
a high risk of drugs in relation to five indicators (age, homelessness, income 
and education, and density of property crimes) using GIS and statistical 
techniques.

Using a self-administered web survey, a more recent study by Cooper 
et al. (2019) analyzed answers from young adults who are drug users and 
live in a rural Appalachian area of Kentucky in the United States. Drug 
users were invited to “drop a pin” using maps to better locate where they 
engaged in risk behaviors (e.g., where they had slept most or used drugs most 
in the past six months). All pins were automatically geocoded. They found 
that although 88% completed the survey, precision results were mixed. The 
median distance between the pin-drop and street-address home locations was 
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2.0 miles; distances were shorter for high-school graduates and staff-recruited 
participants. The authors concluded with suggestions to improve the meth-
odology, in particular, by offering an option of completing mapping items 
with a staff member if participants encountered difficulties in answering the  
questions.

Figure 11.3  �Risk map with drug scenes in Burlington, Iowa, United States (Source: Miller 
(2014, p. 74; Permission to use the picture was granted by author)
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Spatial Cluster Maps

The identification of clusters of crime can help the police in identifying 
where resource allocation efforts should be focused. Statistical measures of 
spatial association can be used to determine if the clustering of a particular 
phenomenon (e.g., crime) occurs over space. Ceccato and Dolmen (2011used 
local indicators of spatial association (LISA) in GeoDa1 (Anselin, 2014) to 
detect changes in the geography of property crimes in Sweden, with par-
ticular focus on cluster shifts of car thefts and residential burglary between 
remote and accessible rural municipalities to urban municipalities. Using 
cluster maps from three decades of police recorded data, the author found 
that crime rates were higher where urban criminogenic conditions emerge—
not necessarily in urban areas but rather in settings that show strong links 
with urban centers and regional centers. The study discussed the remaining 
questions about the geography of crime and the methodological challenges 
of analyzing the temporal changes in the distribution of crime at the munic-
ipal level when some crime codes change. For similar studies, see Parkinson 
(2011) and Algahtany et al. (2018).

Maps of Social Media Data Sharing

Police and voluntary organizations are using GI data from social media 
(Facebook and Twitter) to engage communities. Recent studies have analyzed 
the nature of the communication using GIS between civil society and volun-
tary organizations aimed at supporting emergency services in cases of persons 
gone missing. Figure 11.4 shows an example of data shared on Facebook and 
Twitter in case studies of missing people in rural Sweden. Findings provide a 
better understanding of the ways in which voluntary organizations operate in 
cases of missing persons in relation to traditional emergency services, in par-
ticular, the police in rural areas of Sweden (Ceccato & Petersson, 2021). The 
authors conclude that this approach is not problem-free and demands new ways 
to formalize the vagueness of semantic relationships of place. There is a need 
to better understand the forms of knowledge from which individuals are gen-
erating information when using social media and the implications for GI data.

Remote-Sensing Data

Although EWC happen in most remote environments, rarely are they con-
sidered an issue that belongs to the traditional body of scholarship in rural 

1	 GeoDa (https://geodacenter.github.io/) is a free software package that conducts spatial data anal-
ysis, revisualization, spatial autocorrelation, and spatial modeling (Anselin, 2014). Note that any 
other software with similar capabilities can be used to execute these tasks, see, e.g., CrimeStat IV 
(https://www.icpsr.umich.edu/CrimeStat/download.html) or add-ons in ArcGIS.
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criminology. Yet, there has been a steady increase of studies in the interna-
tional literature that aim to detect and investigate crimes against nature and 
wildlife, which deserve our attention.

An example of these studies is shown in Figure 11.5 using spatial statistics 
techniques and GIS to illustrate EWC hot spots. Red areas are clusters of 
municipalities that exhibit EWC levels that are higher than expected from 
2000 to 2017 in Sweden. The persistence of EWC hotspots over time is likely 
reflective of the economic activities that predominate each region, as well as 
the lifestyle options available for their inhabitants. For example, Serious & 
Chemical EWC hotspots are persistent in the remote north, as well as in the 
southern tip of the country. The northern hotspots are likely attributable to 
heavy industrial mining activity in the region. As with Serious & Chemical 
EWC, minor crimes tend to be clustered in the remote north and southern 
tip of the country. The nature of Minor EWC in both regions tends to be 
similar: garbage burning and illegal disposal of residential/personal waste 
(Stassen & Ceccato, 2020).

Figure 11.4  �(a) Number of Facebook posts shared about missing people in Sweden, 
2018. (b) Temporal and spatial distribution of tweets: example “Dante case,” 
November 6–12, 2018. Shades show the content of the information (Source: 
Adapted by Ceccato and Petersson (2022)
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A density map of police records layered on top of remote sensing data 
(Figure 11.6) can be used to illustrate the situational conditions of crime. In 
this particular case, the polygon at the center of the map indicates an open 
drug market close to a park where a public transportation hub and alcohol 

Figure 11.5  �Geography of EWC risk over time (Getis Ord Statistics; red highlighted 
areas are clusters of municipalities that exhibit Environmental and wildlife 
crime levels that are higher than expected), 2000–2017 (Source: Stassen and 
Ceccato, 2020).

Figure 11.6  �Density map of cannabis dealing (generated from police records) with land 
use and remote sensing data (Data source: Google Maps, Police Authority,  
OpenStreetMap)
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selling premises are located. In countries where updated cartographic basis 
are not available, remote sensing data can be used to detect changes in land 
use as a result of human activities such as mining, deforestation.

While these “traditional studies” in this area are concerned with the geog-
raphy of crimes, combining official data into a spatial analytical framework 
in GIS (e.g., Ceccato & Uittenbogaard, 2013; Cowan et al., 2020; Maingi  
et al., 2012; Stassen & Ceccato, 2020), a “new wave” of studies is characterized 
by a more “tactical” nature. A new emergent type of studies aims at detect-
ing an equivalent to a “fingerprint” that allows them to identify suspects and 
criminal evidence—both important information for police investigation and 
crime prevention. These studies often involve tracking crime over time using 
multiple “takes” of the environments where these offenses take place (Lega 
et al., 2014). Others attempt to detect the offenders themselves (de Knegt  
et al., 2021). For instance, Gilmour (2019) shows the advantages of using pho-
tography to investigate fraud of different types, while Lega et al. (2014) used 
aerial platforms and thermography to detect illegal activities; in particular, 
they detected illegal sanitary sewer and storm-drain connections, illicit dis-
charges, and other anomalies on the water surfaces. Similarly, Jackson et al. 
(2020) used remote sensing to detect erosion and the destruction of protected 
areas in Bangladesh, while Tellman et al. (2020) provided examples of how 
illicit transactions linked to land use changes in many parts of the globe can 
be detected using remote sensing and GIS. In many countries of the Global 
South, environmental organizations and the police are able to track changes 
in land use. Collecting primary data in these places might be too danger-
ous, but remote sensing can be a powerful source of information because of 
the rich temporal resolution, as data are collected, depending on the sensor, 
several times a year, making it possible to track changes in land use. Similar 
potential has been found when using remote sensing and machine learning 
to detect intruders and poachers (de Knegt et al., 2021). For an extensive 
review of studies using new methods in the study of environmental crimes, 
see Favarin (2020).

Conclusions and Recommendations

In this chapter, we set out to report the use of GI and spatial analytical 
methodologies using GIS in rural criminological research. We highlighted 
examples of current challenges as well as potential new research frontiers. 
In particular, using examples from international literature, we attempted to 
show how GI and GIS are important in the discovery of patterns of regular-
ities of crime that are relevant for rural criminology.

The study of crime in rural contexts demands more integrated and 
interdisciplinary theories and methods that can guide (and deal with) an 
ever-increasing volume of spatiotemporal data, some of which comes from 
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relatively new sources (e.g., crowdsourced data, social media, remote sensing 
including drones).

With new research areas, we raise questions of whether there is a need for 
new interdisciplinary theoretical frameworks that can embrace crime patterns 
that go beyond national boundaries, such as organized crime. Surprisingly, 
the call for new theoretical ways of dealing with crime as a fluid framework 
of human interactions is not new (see, e.g., Bottoms & Wiles, 2002). As 
it is now, most environmental criminology theories fit at best the analysis 
of intra-urban processes but do a poor job identifying criminogenic con-
ditions that extend over large geographical areas, particularly beyond state  
borders.

Issues of data scarcity and sparsity in rural areas are still a limiting factor for 
many of the standard methods to be used in rural contexts, such as tools to 
detect spatial concentration, measures of risk, and modeling. As illustrated in 
the examples, the search for an accurate x,y coordinate of a crime in a rural 
context is not always necessary or even desirable. A way forward is perhaps 
to distance ourselves from the legacy of Cartesian geometric references and 
focus instead on a perspective that is characterized by a “platial,” i.e., place-
based, view of GI (Elwood et al., 2013; Gao et al., 2013). This perspective, 
we argue, better suits the study of crime in rural contexts because it is based 
on hierarchical structure and the connectivity of places. In addition, another 
way is to solve the data problem is, for instance, to modify the size of the units 
of analysis, to collapse the data over a couple of years into a more robust basis, 
or to triangulate several data sources (samples) and/or different methods of 
data collection over the same study area.

An area of research that is bound to grow is the study of EWC. These 
crimes are a global issue, not only because they often have a transnational 
dimension but also because the environmental problems ultimately affect 
people’s lives on a global scale. This issue is not often considered typical of 
rural criminology, although such crimes often take place in the areas that are 
remotest of the globe. Despite an increasing global awareness of the problem, 
this field of research is in its infancy. GIS and remote sensing data are being 
associated with newly created types of data, such as crowdsourced data, often 
involving sensors of different types, imagery and complex spatial mapping, 
and other spatial analytical tools, including network analysis and machine 
learning.

Rural crimes demand a further investigation by means of rigorous methods 
to produce sound empirical knowledge that can support crime prevention and 
advise policymakers. The good news is that, as we reported in this chapter, 
there are examples of a growing, exciting interdisciplinary field of research 
that goes beyond the common boundaries of research disciplines, taking the 
best of knowledge from criminology, natural, and data sciences to tackle 
problems of global relevance.
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