
Using crowdsourced data to analyze transport crime

Downloaded from: https://research.chalmers.se, 2025-09-25 08:22 UTC

Citation for the original published paper (version of record):
Sternberg, H., Lantz, B. (2018). Using crowdsourced data to analyze transport crime. International
Journal of Logistics Research and Applications, 21(2): 133-147.
http://dx.doi.org/10.1080/13675567.2018.1431211

N.B. When citing this work, cite the original published paper.

research.chalmers.se offers the possibility of retrieving research publications produced at Chalmers University of Technology. It
covers all kind of research output: articles, dissertations, conference papers, reports etc. since 2004. research.chalmers.se is
administrated and maintained by Chalmers Library

(article starts on next page)



International Journal of Logistics Research and
Applications
A Leading Journal of Supply Chain Management

ISSN: 1367-5567 (Print) 1469-848X (Online) Journal homepage: www.tandfonline.com/journals/cjol20

Using crowdsourced data to analyze transport
crime

Henrik Sternberg & Björn Lantz

To cite this article: Henrik Sternberg & Björn Lantz (2018) Using crowdsourced data to analyze
transport crime, International Journal of Logistics Research and Applications, 21:2, 133-147,
DOI: 10.1080/13675567.2018.1431211

To link to this article:  https://doi.org/10.1080/13675567.2018.1431211

© 2018 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

Published online: 27 Jan 2018.

Submit your article to this journal 

Article views: 2988

View related articles 

View Crossmark data

Citing articles: 1 View citing articles 

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=cjol20

https://www.tandfonline.com/journals/cjol20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/13675567.2018.1431211
https://doi.org/10.1080/13675567.2018.1431211
https://www.tandfonline.com/action/authorSubmission?journalCode=cjol20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=cjol20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/13675567.2018.1431211?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/13675567.2018.1431211?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/13675567.2018.1431211&domain=pdf&date_stamp=27%20Jan%202018
http://crossmark.crossref.org/dialog/?doi=10.1080/13675567.2018.1431211&domain=pdf&date_stamp=27%20Jan%202018
https://www.tandfonline.com/doi/citedby/10.1080/13675567.2018.1431211?src=pdf
https://www.tandfonline.com/doi/citedby/10.1080/13675567.2018.1431211?src=pdf
https://www.tandfonline.com/action/journalInformation?journalCode=cjol20


Using crowdsourced data to analyze transport crime
Henrik Sternberga and Björn Lantzb

aDivision of Packaging Logistics, Faculty of Engineering, Lund University, Lund, Sweden; bDivision of Operations
Management, Department of Technology Management and Economics, Chalmers University of Technology,
Gothenburg, Sweden

ABSTRACT
Anecdotal evidence suggests that harsh social conditions in the road
haulage industry are having an impact on transport crime. This paper
analyses transport crime, and demonstrates how to use a combination
of official statistics and crowdsourced data in the process. A hierarchical
regression analysis was applied to investigate the relations among
different factors in order to predict transport crime threats. A secondary
data set on transport crime from the Swedish Police was combined with
primary crowdsourced data from volunteer observations of trucks in
Sweden from both high-wage and low-wage countries. The findings
imply that transportation is more vulnerable to antagonistic threats in
geographical areas where the low-wage hauliers operate more
frequently. For policymakers and practitioners, these findings provide
useful guidance for the planning of security measures. To the authors’
knowledge, this paper is the first exploratory study of its kind that uses
a combination of official statistics and crowdsourced data.

ARTICLE HISTORY
Received 21 February 2017
Accepted 18 January 2018

KEYWORDS
Transport crime; social
sustainability; criminology;
crowdsourcing data;
statistical analysis

Introduction

On a November night in 2012 a group of perpetrators stole diesel in Västerås, Sweden. The thieves were caught
in the act and an investigation was initiated. It revealed that the Romanian haulage company that employed the
drivers was contracted to drive at a rate that did not even cover the cost of diesel –much less salaries and other
expenses. (Swedish Television, ‘Uppdrag granskning’ [‘Mission Investigate’], March 2013)

This anecdote addresses two timely topics in contemporary logistics management: transport
crime and the social sustainability of supply chains. Despite over two decades of research on supply
chain security risks, Zailani et al. (2015, 653) state: ‘Although many companies are devoting
increased resources and attention to security efforts, little guidance is available to firms seeking to
minimise their exposure to unexpected and potentially damaging or disruptive occurrences affecting
their supply chains.’Urciuoli and Hintsa (2017) confirm that previous research lacks managerial gui-
dance on how to deal with security issues. In almost every supply chain, road haulage (in particular
parking) is the most vulnerable link to antagonistic threats (Ekwall and Lantz 2013) and socially
unsustainable practices (Hilal 2008; European Commission 2014). Huq, Chowdhury, and Klassen
(2016, 20) define social sustainability as considering ‘the health and wellbeing of people in the supply
chain and impact on society’. Following the recent liberalisation of the European road transport mar-
ket (European Commission 2014), social sustainability in supply chains, particularly in road haulage,
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is gaining increased attention from scholars, policymakers and practitioners (Hilal 2008; Kummer,
Dieplinger, and Fürst 2014; Piecyk and Björklund 2015).

The security and safety of road hauliers and truck drivers have also gained significant attention from
practitioners (i.e. IRU 2008; Nilsson 2013). A closely related issue is diesel theft. It strikes the road
hauliers in two ways: Firstly, the truck from which the diesel is stolen needs to be repaired and refilled;
secondly, it alters the rules of fair competition in the industry (EUROPOL 2010). Diesel theft is the most
common transport crime and has become a plague for the entire road haulage industry (Lindén 2013).

The European media, haulage associations, unions and to some extent academic and industry
research are increasingly reporting on truck drivers who are facing very harsh conditions (Hilal
2008; Steen Jensen et al. 2014; COWI 2015). Some hauliers, based on ‘gut feeling’ or experience, pro-
hibit their drivers from resting at big truck stops with large numbers of international trucks. While
previous research has focused on analysing official statistics (e.g. Ekwall and Lantz 2013), policy-
makers have been promoting ‘secure parking’ areas (European Commission 2011). The statistics
used have been from historical data on thefts, which provide limited guidance for practitioners
and policymakers. The social sustainability of road transportation has received scant research atten-
tion, and the only input to the debate is limited to anecdotal evidence and wage statistics, the latter of
which are frequently uncertain in determining whether the salaries surveyed are before or after taxes,
or whether they are with or without allowances (e.g. COWI 2015).

Is the lack of social sustainability in logistics, exemplified by poor driver conditions (Hilal 2008;
COWI 2015), related to transport crime? The answer would potentially yield important implications
for transport and logistics managers, policymakers and research on both supply chain management
and criminology. For this, statistics on various types of road hauliers are needed. The issue of limited
statistics on road haulage has been frequently discussed (McKinnon and Leonardi 2009; Zmud et al.
2013; van den Engel, Francke, and Burgess 2014). Zmud et al. (2013) and Bonnel et al. (2009) outline
several methods to collect data, but the existing research does not address crowdsourcing as a data-
gathering method that can complement the limited existing statistics. Saxton, Oh, and Kishore
(2013) define crowdsourcing ‘as a type of sourcing model that lies at the intersection of outsourcing
and sophisticated internet technologies’ (2). Crowdsourcing has gained considerable attention in
information systems research in recent years (Schlagwein and Bjørn-Andersen 2014; Aitamurto,
Landemore, and Galli 2017). In addition to various other application areas, crowdsourcing enables
researchers to gain access to new data sets of previously inaccessible richness.

Given the lack of guidance for managers, the lack of insights into transport crime, and the lack of
statistics that can aid policymakers, the purpose of this paper is twofold: (1) to complement official
statistics with crowdsourced data collection in logistics research in order to facilitate effective policy-
making, and (2) to explore the incidents of transport crime using crowdsourced data on truck pos-
itions. The aim is to contribute to theory that can aid practitioners and policymakers (Zailani et al.
2015; Urciuoli and Hintsa 2017). Criminologists have been using census data to predict crime pat-
terns for decades (e.g. Block 1979; Cohen and Felson 1979). The originality of the present study is
rooted in its innovative crowdsourcing approach to obtain a new type of data that together with data
from a more traditional source (i.e. police statistics) would enable prediction.

The rest of this introductory section explains transport crime and reflects upon the ethical con-
siderations of the study. As the study involves human beings (the drivers in the observed trucks),
analysing how this relates to crime is a sensitive matter not to be taken lightly. A framework is pre-
sented that establishes the constructs of the paper, followed by the proposed hypotheses. The data
and methodology section includes an explanation of the data sources and the analysis. The results
of the statistical analysis are then presented followed by a discussion and conclusions.

Transport crime

Transport crimes can be divided into three distinctively different categories, as suggested by the
Swedish Police (Persson 2015):
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. Diesel theft,

. Theft from trucks or trailers,

. Theft of trucks or trailers.

Diesel theft, as stated in the introduction, is by far the most common transport crime. It is a rather
easy crime to commit, with a minimum of tools necessary and a product – diesel – which is both easy
to sell and beneficial to use (many owner-operators and drivers get paid per kilometre driven, includ-
ing compensation to pay for diesel). It should be noted that diesel is stolen from an array of different
actors, including hauliers, farmers and municipalities and that the official records do not specify the
category of victim.

Theft from the contents of trucks or trailers is easy to commit, even though it may be slightly
more complicated than diesel theft. Many products have limited protection as many trailers only
have soft covers.

Theft of trucks and trailers is a rather advanced crime in comparison with the other two. There are
a few cases where a truck is stolen after being left with the keys in the ignition, but the rapid tech-
nological development with immobilisers and similar devices has made it difficult or even impossible
for the less advanced thief to steal the truck itself in most cases (see e.g. van Ours and Vollaard 2016).
Thus, in general terms, it requires careful planning and advanced equipment to steal a truck and
move it and/or the trailer to a market (e.g. Africa or Asia) where it can be sold.

Ethical considerations

In short, a crime occurs when a motivated perpetrator finds an opportunity (Felson and Clarke
1998). Causality is a main concern of criminologists, but establishing casual pathways is a compli-
cated process. As criminals are difficult to study per se, controlled experiments are impossible for
most types of crimes. Hence, studying past events to predict and prevent future crimes is inevitable.
As the transport industry has a hard time protecting all disparate vehicles on the roads and on park-
ing lots, small- and medium-sized enterprises (SMEs) (road hauliers) in particular are suffering from
transport crime. Thus, small pieces of this complex picture need to be added together to shed light on
if social conditions, in particular, can be linked to crimes.

Independent of nationality, most drivers are satisfied with their jobs in general (Prockl et al.
2017). Yet, previous research and recent investigations show that the international road haulage
industry does have serious social sustainability issues (Hilal 2008; COWI 2015; BBC 2017).

In this paper the authors aim to achieve a balance between the importance of social sustainability,
the impact of transport crime, and the ethical concerns of comparing the observed presence of trucks
associated with relatively high salaries (such as Danish or Swedish trucks) and trucks registered in
low-wage countries (such as Bulgaria or Romania). Hence, the authors would like to emphasise
that the purpose is by no means to stigmatise a group of drivers, some of which are already facing
harsh conditions, but rather to put the spotlight on the negative externalities of freight transportation
as well as the poor social conditions.

In transport, the opportunity for a motivated perpetrator to commit a crime is more or less always
there due to the distributed nature of the industry, which further motivates the study undertaken.

Framework

As alluded to in the introduction, one of the gaps in the transport literature is that a theoretical fra-
mework has yet to be articulated that explains why the lack of social sustainability of hauliers should
affect transport crimes. While scholars have noted that drivers suffer when insufficient social regu-
lations are in place (Belzer 2000; Hilal 2008), industry magazines have pointed towards hauliers from
low-wage countries (Nilsson 2013). This anecdotal evidence has yet to be empirically examined.
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Social sustainability

Triggered by accidents and bad press, many companies are paying increasing attention to social sus-
tainability, focusing on aspects such as the societal impact of operations and human and labour
rights (Marshall et al. 2016). The social sustainability review of supply chain and logistics literature
by Abbasi (2017) indicates that the governance complexity of social sustainability in SMEs is a chal-
lenge when attempting to achieve social sustainability in supply chains. Another review by Nakamba,
Chan and Sharmina (2017), found that few studies are considering the social practices, particularly at
the micro level and in the context of small and medium-sized enterprises. They also found that pre-
vious literature has focused on the buyers’ perspective rather than on the supply side (Nakamba,
Chan, and Sharmina 2017).

Though many reports have looked at the working conditions of drivers, the supply chain manage-
ment and logistics literature has mainly focused on supply chain workers in production or at the
point of origin (e.g. Huq, Chowdhury, and Klassen 2016). Studies on driver conditions are predomi-
nantly based on US drivers (Belzer 2000; Belman, Lafontaine, and Monaco 2005), with few studies
investigating drivers in Europe (Prockl et al. 2017). The social challenges of the sector, though, seem
to be international phenomena that have been investigated and debated for decades (Burnewicz
1998; Belzer 2000; Belman, Lafontaine, and Monaco 2005; Hilal 2008).

Road haulage is a commodity and hauliers in Europe are generally SMEs, often loosely coupled
with the shippers or interacting only with an intermediary such as a logistics service provider (LSP)
(Nilsson, Sternberg, and Klaas-Wissing 2017). The lack of information on the social conditions of
road haulage was recently studied by Nilsson, Sternberg, and Klaas-Wissing (2017). They found
that driver conditions are in many cases unknown even to the LSP contracting the road haulier.

EU driver working conditions

The European domestic road haulage markets have gradually been deregulated, allowing haulers to
operate (under conditions stipulated in the directives 92/106/EEC and (EC) 1072/2009) in other
markets than their country of origin/registration. The ‘new’ EU member states (EU12) have signifi-
cantly lower labour costs than the ‘old’ EU member states (EU15). As shown in Table 1, the salary
difference between Sweden and Bulgaria, for example, is almost tenfold and despite salary increases
in the EU12 countries, the absolute gap between the EU12 and EU15 remains. This gap has triggered
a massive flagging out of trucks from the EU15 to EU12 countries. Kummer, Dieplinger, and Fürst
(2014) found that 50% of Austrian truck fleets were flagged out over a 10-year period, at a cost of
fiscal losses of €29,702 per driver and €6183 per truck. A clear majority of the foreign trucks in
most EU15 countries, in particular Scandinavia, are registered in EU12 countries.

Several surveys of EU12 drivers reveal long shifts in the truck. COWI (2015) questioned 168
foreign drivers in Denmark and found that the average driver had been home 6.8 weeks ago, with
many drivers being on the road much longer.

Table 1. Average hourly labour costs in € in Europe for selected countries (Eurostat 2017).

Total average hourly labour costs (in €) 2016

Sweden (EU15) 39.9
Denmark (EU15) 39.1
Netherlands (EU15) 33.7
Germany (EU15) 27.1
CZ (EU12) 9.4
Poland (EU12) 7.6
Romania (EU12) 4.3
Bulgaria (EU12) 3.6

Note: The category ‘Construction’ was used, as this is the work category closest to truck driving in
terms of conditions (the other categories in Eurostat are Business Economy, Industry and Ser-
vices). Detailed working conditions of EU12 truck drivers can be found in COWI (2015).
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On the contrary, Scandinavian drivers are relatively very well paid. Collective agreements ensure
that the majority of the road hauliers provide their employees with salaries and benefits (such as
insurance, retirement plans and protective clothing) according to the agreements. It should be
noted, however, that an unknown portion of the drivers in Scandinavian trucks are employed outside
the collective agreements. Anecdotal evidence (published in the local Scandinavian languages)
suggests that this unknown portion of drivers come from EU12 countries and are paid on the
same level as drivers in those countries (Hultén 2017). As can be seen in Table 1, a significant differ-
ence exists between the EU15 (high wage) and the EU12 (low wage) countries.

A more granular approach than comparing country to country, would be to compare regions in
countries. This is not possible, however, as many countries do not issue licence plates that differ from
region to region. Yet another more granular approach would be carry out an analysis based on the
company level instead of the country level. Again, this is not possible because many trucks lack
appropriate company names and/or just display the name of the LSP. Hence, ‘low average labour
costs’ is used here as a proxy to categorise the groups that contain drivers facing harsh conditions.

Factors behind crime

As stated in the introduction, establishing causality in criminology is a complicated process. Several
theories and models describing causes of delinquency (Hirschi 1969) have been proposed over the
past century. Cohen and Felson (1979) propose routine activity theory. It shows that the presence
of crime can be explained by: (1) a potential offender, (2) a vulnerable target, and (3) the absence
of a suitable guardian. Capable guardianship is important in this context because the lack of guar-
dianship directly contributes to opportunities for theft. For example, the likelihood of burglary is
predicted to be lower when homeowners are routinely at home most of the time, and vice versa.
According to this theory, we also know that: (a) areas where people are not present some hours
of the day or night (such as SME haulier parking lots) are vulnerable targets, and (b) the mobility
and toolkit of the offender predicts crime rates (i.e. the type of crime the offender is capable of carry-
ing out).

Social bond theory (Hirschi 1969) suggests that individuals who have low levels of societal controls
are more likely to engage in crime. Similarly, those with a low stake in conformity are expected to
engage in more crime (Toby 1957). Low-wage drivers are frequently both alienated (alone without
a social context in a foreign country for durations of 2 to 6 months) (COWI 2015), and live under
harsh social conditions (relatively very low wages and rough living conditions in small trucks) (Hilal
2008).

The effect of social factors on crime rates are debated in criminology (Kubrin and Weitzer 2003).

Social disorganization theory focuses on the effects of ‘kinds of places’ or different types of neighborhoods in
creating conditions favorable or unfavorable to crime and delinquency. Social disorganization refers to the
inability of a community to realize common goals and solve chronic problems. According to the theory, pov-
erty, residential mobility, ethnic heterogeneity, and weak social networks decrease a neighborhood’s capacity to
control the behavior of people in public, and increase the likelihood of crime. (Kubrin and Weitzer 2003, 374)

Social disorganisation theory has mainly been used to explain petty crimes in a neighbourhood and
has not been applied to the nomadic lifestyle of truck drivers in ‘freight villages’.

Hypotheses

This paper draws on previous literature on social sustainability and criminology theory to hypoth-
esise on the relation between transport crime and the social sustainability of drivers. Sweden is used
as the context and the unit of analysis is the municipality (Sweden has 290 municipalities).

Given the harsh social conditions foreign truck drivers are facing (Hilal 2008; COWI 2015), we
posit these hypotheses that are in line with routine activity theory (Cohen and Felson 1979) and to
some extent, social disorganisation theory (Kubrin and Weitzer 2003):
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H1a: The presence of trucks from low-wage countries is positively related to the prevalence of thefts from trucks
or trailers.

H1b: The presence of trucks from low-wage countries is positively related to the prevalence of diesel thefts.

Stealing trucks or trailers is a complicated crime, demanding careful planning and advanced logis-
tics (van Ours and Vollaard 2016). We posit that low-wage truck drivers largely lack the tools and
network needed to have an effect on the prevalence of thefts of trucks or trailers and thus posit that:

H1c: The relation between the presence of trucks from low-wage countries and the prevalence of thefts of
(entire) trucks or trailers is weaker than the relation between the presence of trucks from low-wage countries
and the prevalence of diesel thefts and the prevalence of thefts from trucks or trailers.

Scandinavian drivers, and most EU15 drivers in general, get to go home frequently, are paid rela-
tively high wages and work in a social context where they have a sense of belonging. According to
social bond theory (Toby 1957; Hirschi 1969), they would be less inclined to engage in theft from
vehicles and trailers and diesel thefts. We posit that:

H2: The relation between the presence of trucks with drivers from high-wage countries and the prevalence of
transport crimes is weaker than the relation between the presence of trucks with drivers from low-wage
countries and the prevalence of transport crimes.

Based on the three different types of transport crime discussed above, H2 is subdivided into three
hypotheses:

H2a: The relation between the presence of trucks with drivers from high-wage countries and the prevalence of
thefts from trucks or trailers is weaker than the relation between the presence of trucks with drivers from low-
wage countries and the prevalence of thefts from trucks or trailers.

H2b: The relation between the presence of trucks with drivers from high-wage countries and the prevalence of
diesel thefts is weaker than the relation between the presence of trucks with drivers from low-wage countries
and the prevalence of diesel thefts.

H2c: The relation between the presence of trucks with drivers from high-wage countries and the prevalence of
thefts of trucks or trailers is weaker than the relation between the presence of trucks with drivers from low-wage
countries and the prevalence of thefts of trucks or trailers.

Data and methodology

The approach to this research is mainly quantitative, combining secondary data on diesel thefts from
the Swedish Police with a primary crowdsourced data set on truck observations. The usage of sec-
ondary data sources has been encouraged by Rabinovich and Cheon (2011), whereas the approach
that combines primary crowdsourced data and secondary data in the transport and logistics context
is previously unexplored.

Sweden is a sparsely populated country with long trucking distances and strong export depen-
dency, situated in the northern corner of Europe (relatively little amount of transit traffic). It also
has extensive social security for its inhabitants, very little poverty and very small income differences,
with the median income of all regions in Sweden being between €24,033 and €30,240 (SCB 2018).
These factors, together with access to data, make Sweden an ideal case to analyse.

Crowdsourcing – ‘The Cabotage study’

What initially started in the spring of 2013 as an initiative to investigate the environmental effects of
the European freight deregulation, quickly became one of the largest crowdsourced research studies
collecting observations on truck positions at that time – the Cabotagestudien (‘Cabotage study’). The
interface of the smartphone app that was used is presented in Figure 1. Over 4000 volunteers col-
lected data on vehicle positions for a total of 12 weeks (Sternberg et al. 2015) divided into 3 periods:
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spring 2013, autumn 2013, spring 2015. In the final period (spring 2015), both Swedish and foreign
trucks observations were collected.

In short, whenever observing, the volunteer drivers would enter the licence plate numbers of
either foreign or Swedish trucks (depending on the stage of the study) in the smartphone app.
They were instructed not to use the app while driving. Roughly 70% were professional drivers,
whereas the remaining 30% represented various other groups. In total, over 485,679 observations
of 128,756 trucks were made. In the research presented in this paper, 363,305 observations (made
in Sweden) were analysed.

Based on the combination of characters and numbers the volunteer enters, the app suggests a
nationality, which was optional to add to an observation. 286,927 of the observations of trucks
included nationalities entered by the volunteers, but for 76,378 plates, no nationality was entered.
The four most common foreign nationalities in Sweden were Bulgaria (2354 trucks, 39,360 obser-
vations), Poland (5022 trucks, 35,312 observations), Estonia (2142 trucks, 28,395 observations) and
Lithuania (2557 trucks, 17,940 observations). EU15 countries with more than a handful of regis-
trations, were Germany (2427 trucks, 15,307 observations), Finland (1140 trucks, 6841 observations),
Denmark (822 trucks, 4969 observations) and the Netherlands (583 trucks, 4,030 trucks). On the spot-
market, the lowest price wins, which is why cabotage (2009) (i.e. domestic transportation by foreign
hauliers) is mainly carried out by the hauliers with the lowest cost. Bulgarian trucks typically stay
for longer periods and are frequently observed in the weekends, while Danish or German trucks
that mainly carry out international transportation, for example, stay for shorter durations.

The validation process (carried out through access to the GPS systems of 500 trucks belonging to
6 different hauliers from Bulgaria, Romania, Germany, Denmark and Sweden) can be found in
Sternberg et al. (2015) and the graphical representation of the data set can be found at www.
cabotagestudien.se. Figure 2 presents a sample of an observed truck that was also part of the vali-
dation set.

For years, road haulage associations and unions have maintained that foreign hauliers would
engage in illegal traffic. In the first weeks of data collection in Sweden, volunteers already were

Figure 1. The app, named after the study (Cabotagestudien, available at the App Store and Google Play). Volunteers download the
app, register licence plate numbers and add comments on nationality, for example.
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observing many Bulgarian and Romanian trucks on a daily basis. That these trucks carried out illegal
traffic was validated later on by in-company data sets, police information and media coverage (Radio
Sweden 2014; Sternberg et al. 2015).

Official statistics

This paper uses two sources of official statistics: the Swedish Police crime statistics related to
freight transportation, and the population sizes (inhabitants) of Swedish municipalities from Stat-
istics Swedish (Statistiska centralbyrån). The population size calculation used is that of 31 Decem-
ber 2014.

The official crime statistics are primarily based on victims’ reports of crimes to the police or police
reports from investigations. Some crimes are not reported for various reasons. We used data from the
police statistics for the 12 weeks corresponding to the crowdsourced data collection periods. The data
selected were on the reported thefts of trucks or trailers (crime type 9803), thefts from trucks or trai-
lers (crime type 9804), and diesel thefts (crime type 9821) in Swedish municipalities. The population
size was used as a control variable, based on the theory that municipality population size is likely to
correlate positively with crime frequency as well as with truck observation frequency.

Statistical analysis

Based on the above outline, six different variables were used in this study:

. Population (POP): municipality population size,

. X9821: number of reported diesel thefts (Police code),

. X9803: number of reported thefts of trucks or trailers (Police code),

. X9804: number of reported thefts from trucks or trailers (Police code),

. CS_LOW: truck observation frequency from the Cabotage study – all known plates except Swed-
ish, Danish, German and Dutch (i.e. low-wage countries),

. CS_HIGH: truck observation frequency from the Cabotage study – Swedish, Finnish, Danish,
German and Dutch plates (i.e. high-wage countries)

Figure 2. The left image shows the movement pattern of a truck, based on volunteer observations. The right image shows the
actual movement pattern of the same truck, based on the GPS of the fleet management system of the haulier (Sternberg et al.
2015).
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Hierarchical regression analyses were used to examine the relation between reported thefts and
observed trucks while controlling for municipality population size. Hence, the three regression
models used in this study were:

. X9821 = b0 + b1POP + b2CS LOW + b3CS HIGH + 1,

. X9803 = b0 + b1POP + b2CS LOW + b3CS HIGH + 1,

. X9804 = b0 + b1POP + b2CS LOW + b3CS HIGH + 1.

In the more general literature on vehicle theft, other control variables (e.g. season when the crime
occurred, or district in a city where the crime occurred) are sometimes used (compare, e.g. Santos
and Santos 2015). However, transport crime is quite different from vehicle theft in general, and
there does not appear to be any particular support in the literature to introduce similar control vari-
ables in a study that focuses on the specific crime types that are investigated here.

The H1c, H2a, H2b and H2c hypotheses were tested by the procedure outlined by Paternoster
et al. (1998).

Results

Table 2 presents the descriptive statistics for the data. All six variables exhibit substantial kurtosis
as well as positive skewness. Consequently, the square root was used for all six variables in the
regression analyses (Field 2013). Most, but not all skewness and excess kurtosis were eliminated
by the square root transformation. One reason for this phenomenon is that the theft frequencies
are somewhat zero-inflated. However, recent methodological research shows that traditional OLS
(Ordinary least squares) methods actually are robust to more extreme normality violations than
previously explored, and that such methods work well even if the outcomes are leptokurtic and
zero-inflated (Judkins and Porter 2016). Hence, the analysis proceeds applying the OLS
methodology.

Table 3 displays the results of a hierarchical regression analysis where the number of reported
thefts of trucks or trailers initially was modelled as a function of population size only, and finally
as a function of population size and truck observation frequencies. The explained variation increases
from 0.417 to 0.500 when the truck observation frequencies are included. Further, CS_HIGH is sig-
nificantly positively related to X9803 (B = 0.008, p = .013 but there is no significant relation between
CS_LOW and X9803. However, the regression coefficients for CS_LOW and CS_ HIGH are not sig-
nificantly different (Z = 0.263, p = .792).

Hence, hypothesis H2c is not supported.
Table 4 displays the results of a hierarchical regression analysis where the number of reported

thefts from trucks or trailers initially was modelled as a function of population size only, and finally
as a function of population size and truck observation frequencies. The explained variation increases
from 0.504 to 0.589 when the truck observation frequencies are included. Further, CS_LOW is sig-
nificantly positively related to X9804 (B = 0.028, p = .006), but there is no significant relation between
CS_ HIGH and X9804. In addition, the regression coefficients for CS_LOW and CS_ HIGH are sig-
nificantly different (Z = 2.057, p = .039). Hence, the hypotheses H1a and H2a are supported:

Table 2. Descriptive statistics.

Mean SD Skewness Kurtosis

Population 33,611.6 69,275.2 8.9 99.8
x9821 (Diesel thefts) 5.8 7.7 3.2 14.6
x9803 (Theft of trucks and trailers) 0.4 1.3 7.7 75.1
x9804 (Theft from trucks and trailers) 1.4 4.3 8.3 88.9
CS_LOW 137.8 670.4 7.8 70.2
CS_HIGH 660.0 4060.2 12.1 167.3
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H1a: The presence of trucks from low-wage countries is positively related to the prevalence of thefts from trucks
or trailers.

H2a: The relation between the presence of trucks with drivers from high-wage countries and the prevalence of
thefts from trucks or trailers is weaker than the relation between the presence of trucks with drivers from low-
wage countries and the prevalence of thefts from trucks or trailers.

Table 5 displays the results of a hierarchical regression analysis where the number of reported
diesel thefts was initially modelled as a function of population size only, and finally as a function
of population size and truck observation frequencies. The explained variation increases from
0.463 to 0.512 when the truck observation frequencies are included. Further, CS_LOW is signifi-
cantly positively related to X9821 (B = 0.041, p = .009), but there is no significant relation between
CS_ HIGH and X9821. In addition, the regression coefficients for CS_LOW and CS_ HIGH are sig-
nificantly different (Z = 2.348, p = .019). Hence, the hypotheses H1b and H2b are supported.

Hence, hypotheses H1b and H2b are supported:

H1b: The presence of trucks from low-wage countries is positively related to the prevalence of diesel thefts.

H2b: The relation between the presence of trucks with drivers from high-wage countries and the prevalence of
diesel thefts is weaker than the relation between the presence of trucks with drivers from low-wage countries
and the prevalence of diesel thefts.

Based on the information in Tables 3–5, the regression coefficient for CS_LOW in Table 3 was
found marginally significantly different from the regression coefficient for CS_LOW in Table 4
(Z = 1.802, p = .071) and significantly different from the regression coefficient for CS_LOW in
Table 5 (Z = 2.004, p = .045). Hence, hypothesis H1c is supported.

H1c: The relation between the presence of trucks from low-wage countries and the prevalence of thefts of
(entire) trucks or trailers is weaker than the relation between the presence of trucks from low-wage countries
and the prevalence of diesel thefts and the prevalence of thefts from trucks or trailers.

Table 6 displays the correlation coefficients (Pearson’s) between the explanatory variables. As one
might expect, they correlate substantially, but the variance inflation factors were all below 10; hence,
the multicollinearity in the regression models used here should not be regarded as high (Kutner,
Nachtsheim, and Neter 2004). Further, the Durbin-Watson statistics were all close to 2, indicating
no autocorrelation issues in the above analyses. Even so, the regression results should probably be
interpreted with some caution because of the substantial correlation.

Table 3. Hierarchical regression – thefts of trucks or trailers.

Model F p-Value R2 Variable B Std. error p-Value

1 206 <.001 0.417 (Constant) −0.316 0.049 <.001
S_POP 0.004 <0.001 <.001

2 95.2 <.001 0.500 (Constant) −0.142 0.052 .007
POP 0.002 <0.001 <.001

CS_LOW 0.006 0.007 .400
CS_ HIGH 0.008 0.003 .013

Table 4. Hierarchical regression – thefts from trucks or trailers.

Model F p-Value R2 Variable B Std. error p-Value

1 293 <.001 0.504 (Constant) −0.495 0.078 <.001
S_POP 0.007 <0.001 <.001

2 137 <.001 0.589 (Constant) −0.213 0.082 .010
POP 0.004 0.001 <.001

CS_LOW 0.028 0.010 .006
CS_ HIGH 0.005 0.005 .326
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Discussion

In a 2012 interview, the CEO of a large European road haulier stated to the authors: ‘Some dri-
vers told us flat out that “If you pay us this low salary we are forced to steal diesel to manage”.’
According to social disorganisation theory (Kubrin and Weitzer 2003) and routine activity the-
ory (Cohen and Felson 1979), the lower pay and the weak social networks decrease the ‘trucking
neighbourhood’s’ capacity to control the behaviour of drivers and increase the likelihood of
crime.

Not all foreign drivers have poor working conditions. On the contrary, many international haul-
iers from EU12 countries care extensively about their drivers, pay decent salaries, ensure proper
working conditions, insurance, equipment and ensure that the drivers can return home on a frequent
basis (Prockl et al. 2017). For these reasons, those trucks are less frequently seen on weekends, par-
ticularly when compared to other trucks that are observed over extensive periods in Sweden. Hence,
this latter set of observed ‘low-wage drivers’ becomes representative of the foreign hauliers with
trucks operating long-term on the domestic market, that is, the less socially sustainable foreign haul-
iers. The purpose of this paper is by no means to stigmatise EU12 drivers, many already being under
severe pressure due to poor working conditions, but rather to highlight the effect of the actual unsus-
tainable practices being the norm for many hauliers (please refer to the ethical considerations in the
Introduction).

The results show that easier crimes, such as thefts from trucks and trailers and diesel thefts, are
related to the presence of trucks from low-wage countries but not to the presence of trucks from
high-wage countries (H2b, H2c, H1a, H1b). This is not surprising considering the major differences
between low-wage and high-wage drivers, not only in terms of salary but also in terms of family and
social context.

On the contrary, regarding the prevalence of thefts of entire trucks or trailers, there is no signifi-
cant difference between the presence of trucks from low-wage countries and the presence of trucks
from high-wage countries. This is also not surprising, given the lack of motivation and the complex-
ity of the crime. From a routine activity theory viewpoint, the drivers observed neither have the tools
necessary to overcome technical barriers (such as immobilisers) nor the logistics capacity to sell
entire vehicles.

In every country, police statistics are flawed. Unless a victim of a crime ends up in a hospital, there
is always a risk of non-reporting. ‘Though official data severely underestimate crime, they at least
provide a rough indicator of trends over time in the volume of several major felonies’ according
to Cohen and Felson (1979, 588). In this study, the authors have not tried to estimate non-reporting.
A large share of petty crime is not reported, but the non-reporting is assumed in this paper to be
evenly distributed throughout Swedish municipalities.

Table 5. Hierarchical regression – diesel thefts.

Model F p-Value R2 Variable B Std. error p-Value

1 248 <.001 0.463 (Constant) 0.446 0.114 <.001
S_POP 0.010 0.001 <.001

2 100 <.001 0.512 (Constant) 0.728 0.125 <.001
POP 0.007 0.001 <.001

CS_LOW 0.041 0.016 .010
CS_ HIGH −0.001 0.008 .974

Table 6. Correlation coefficients.

POP CS_LOW

CS_LOW 0.696
CS_ HIGH 0.746 0.940
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Future work

The scope of the analysis in this paper has been limited to Sweden. Testing of the hypotheses pre-
sented in other geographical contexts can yield interesting results. Scandinavia, Benelux and France
represent unique markets where domestic hauliers pay salaries multiple times higher than the sal-
aries paid by Bulgarian and Romanian hauliers, for example. Hence, testing of the hypotheses in
a country with relatively smaller salary differences would complement the analysis presented in
this paper.

Unsustainable practices are widespread in the road haulage industry. Future research into sustain-
able supply chain management would benefit from acknowledging this. Policymakers and prac-
titioners alike are looking for guidance on how to minimise unsustainable behaviour in the
market. This paper has provided several references to ‘grey literature’ and industry magazines
that address unsustainable practices. As social media becomes increasingly widespread, so does
transparency and Marshall et al. (2016) outline the need for companies to be prepared for sustain-
ability disclosure. Effective routines and tools are needed to gain more sustainability information in
outsourced logistics, in particular when it comes to the social sustainability of drivers.

This paper explores the link between poor driver conditions (Hilal 2008) and transport crimes.
Petty thefts often lead to supply chain disturbances and extensive costs to repair and replace stolen
diesel or goods, but that is outside the scope of this paper. Examining these costs using social disor-
ganisation theory may yield interesting insights into the factors that predict transport-related crimes.

According to Cohen and Felson (1979), crime occurs in the absence of a capable guardian. Con-
sidering not only the results of research on haulier trucking conditions, but also the recent terror
attacks in Europe that used trucks, future research on monitoring of both the truck and driver status
and conditions could yield needed policy implications.

Crowdsourcing is a promising approach to data collection in freight transportation because it
generates data not available through other approaches. However, several questions remain as to
the opportunities and barriers. The generalisability of the approach presented in this paper of com-
bining crowdsourcing and crime records to other contexts remains to be investigated.

Conclusions

Logistics managers and policymakers benefit from the awareness of socially unsustainable practices
that are common in the road haulage sector and the indirect costs of such unsustainable practices.
Road haulage is vulnerable to motivated offenders due to its decentralised nature; and policymakers
and managers lack guidance (Urciuoli and Hintsa 2017; Zailani et al. 2015). The results of this study
have implications for both research and practice. Routine activity theory (Cohen and Felson 1979)
emphasises thinking of ways to increase guardianship, be that from the police, other truck drivers, or
truck stop/farm/hotel/business owners.

Firstly, by analysing a combination of primary and secondary data, the analysis indicates that the
presence of low-wage drivers to some extent might predict transport-related crimes in Sweden. This
finding confirms and contributes to previous criminological theories (e.g. Cohen and Felson 1979),
by demonstrating their applicability to road haulage. Many hauliers already have practices in place to
avoid large concentrations of trucks from low-wage countries. The empirical analysis of this paper
confirms the validity of such practices being able to contribute to security (Urciuoli and Hintsa
2017). If the social sustainability of the road haulage sector is allowed to further deteriorate (as
the continuous stream of anecdotal evidence suggests), the building of safe parking lots and
increased surveillance (capable guardian) will become increasingly important. As the analysis
shows, the theft of entire vehicles and/or trailers is unrelated to the presence of trucks that may
have drivers who face tough working conditions. That links this research to work in the field of
crime economics by van Ours and Vollard (2016), for example. To the authors’ best knowledge,
the economics of transport crime in freight transportation has received no attention and is a field
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that could potentially yield further interesting insights for theory and supply chain management/
transport practice.

Secondly, this research is the very first attempt to combine official statistics (secondary data) with
primary crowdsourced data. Crowdsourcing represents an opportunity of unprecedented empirical
data access and potentially, massive industry involvement as in the case of the ‘Cabotage study’. The
results indicate that combining primary crowdsourced data with secondary data is a viable path for-
ward that can enhance future policy-making and managerial practice (Zailani et al. 2015). Further
research is needed on crowdsourcing methods in logistics and transportation that can address in-
depth data collection and crowd management in the logistics and transport area.

Thirdly, this study contributes to the limited body of research on the social sustainability of
supply chain, SME suppliers (Nakamba, Chan, and Sharmina 2017). Social sustainability in road
haulage is increasingly becoming an issue and the trend of flagging out truck fleets to low-cost
countries may further accelerate the sustainability problems (Hilal 2008, Kummer, Dieplinger,
and Fürst 2014). The fragmented structure of the industry and the lack of transparency makes moni-
toring difficult (Nilsson, Sternberg, and Klaas-Wissing 2017). This research highlights the relation
between negative externalities and unsustainable supply chain practices, calling for further study
of transparency and disclosure in the road haulage industry (Marshall et al. 2016).
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