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  Editor ial      

 This book,  Forensic GIS: The Role of Geospatial Technologies for Investigating 
Crime and Providing Evidence , presents ways in which geospatial technologies, 
including geographic information systems (GIS), global positioning systems (GPS), 
and remote sensing, contribute to the acquisition and analysis of forensic informa-
tion today and provides timely illustrations in the form of case studies. 

 Initially, our interest in the forensic potential of geospatial technologies stemmed 
from a Forensic Science Initiative grant from the National Institute of Justice to the 
Forensic Science program at West Virginia University (2003-RC-CX-K001). 
Among many others, a task was initiated to investigate the characteristics of spa-
tially enabled forensic science, with the goal of supporting the use of geographic 
information systems and science in a number of forensic-related research and teach-
ing activities. During the course of the grant, I, Dr. Ge Lin, George Roedl, and a 
number of graduate students investigated the use of GIS and remote sensing in 
forensic contexts. Four important aspects of the spatial perspective of forensic sci-
ence were examined: geographic profi ling, time geography, high density scanning, 
and radio frequency identifi cation. Among the outcomes were a special paper ses-
sion on Forensic GIS at the 2009 Annual Meetings of the Association of American 
Geographers, a paper in the  Journal of Forensic Science  on space-time approaches 
to shoeprint matching; investigation of the coordination of measurements of indoor 
and outdoor spatial location (accommodating GPS); and experiments with time- 
space path analysis and point cloud analysis. These efforts included the develop-
ment of a course in crime mapping and analysis. In 2010, Gregory A. Elmes and 
George Roedl were awarded a grant from the National Institute of Justice, Offi ce of 
Justice Programs (2009-IJ-CX-0205) for “Increasing Student and Community 
Safety,” which supported a research partnership with WVU and the City of 
Morgantown, WV Police Departments. The current work may be seen as a natural 
extension of the research interests generated by these NIJ-funded projects. 

 Strictly defi ned, forensic science is the use of scientifi c principles, methods, and 
techniques to establish facts or provide evidence used in a court of law. Here, we 
have adopted a broader working defi nition of forensics and forensic GIS, which 
includes the use of geospatial principles and techniques to establish facts or 
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sequences of events, regardless of whether they are used in court. Thus, gathering 
and interpreting scientifi c data for regulation, intelligence, and national security 
purposes falls under this broader defi nition of forensic science. A further distinction 
may be made between criminal and civil forensics. Criminal law deals with offenses 
against the state—the prosecution of a person accused of breaking a law. Such 
offenses include crimes against persons and property. Civil law covers everything 
else, such as violations of contracts and lawsuits between two or more parties. The 
collection of data and presentation of evidence may be held to quite different stan-
dards, the process of data collection and imaging may be quite different, and the 
consequences of the case may have very different impacts. Examples of both will be 
found herein. 

 A relatively small literature on forensics exists in the discipline of geography, a 
larger one in environmental science, geology, soil science, and archaeology. In 
February 2009, the National Academy of Sciences published a report “Strengthening 
Forensic Science in the United States: A Path Forward” (National Academies Press, 
2009). The committee had a mandate to identify the needs of the forensic sciences 
community. It was revealing that, in a search, the terms “spatial” and “geospatial” 
did not appear in this text of 352 pages and this observation provided further impe-
tus toward the genesis of this book. It is evident that further research and a bridging 
of scientifi c communities are necessary to establish the best practice of the use of 
geospatial science and technology within forensic science. To that end, this book is 
directed to an audience comprising of law enforcement professionals, academics in 
a wide variety of fi elds, and students of criminology and forensic science. 

 Our initial call for submissions was made on October 15, 2012, with a chapter 
proposal submission deadline of January 31, 2013. After reviewing the submitted 
proposals, 14 manuscripts were invited to be developed into fi nal chapters by June 
2013. Each chapter was reviewed by the editor and two external reviewers in a 
double-blind process. Nine of the original 14 manuscripts were revised and resub-
mitted by August 2013. The chapters in Part I by Roedl, Elmes, and Conley were 
not included in the double-blind process and must therefore be considered as being 
monographic in nature. Our recognition and thanks are due to Dr. Michael Leitner 
for the guidance provided by his 2013 publication in this Springer series (Volume 
8). Sincere acknowledgement is also due to the external reviewers of the manu-
scripts for their important contribution of time and effort. 

 In Part I,  Gregory A. Elmes ,  George Roedl , and  Jamison Conley  draw attention to 
the theme and content of the book through a review of the various roles geospatial 
technologies provide in investigating crime, providing evidence, and developing 
policy within the legal system and how these roles have changed with advances in 
the technology itself and the challenges involved in using the technology for inves-
tigation and providing legal evidence. 

 The fi rst chapter “Concepts, Principles, and Defi nitions” considers the ways in 
which geospatial information and technology (GIT) has signifi cantly increased in 
prominence within the criminology and forensic fi elds in the last decade. Geospatial 
technology includes the tools and techniques applied to geographic or spatial data; 
additionally, the chapter recognizes the extensive nature and roles of GIT across 
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many subject domains. In Chap.   2    , “Geospatial Technologies in the Courtroom”, 
 George Roedl ,  Gregory A. Elmes , and  Jamison Conley  continue to develop the 
theme of the book by examining key rules such as federal rules for the admissibility 
of evidence, Frye, Daubert, and other court decisions that have infl uenced the poten-
tial admissibility of spatial data and technologies in a modern courtroom. Chapter   3     
develops the theme of Spatial Tracking Applications, and Chap.   4     details the main 
tools of forensic GIT in Spatial Technology Applications. 

 Part II focuses on a selection of case studies illustrating the breadth of contem-
porary applications of GIT in criminal justice ranging from collecting evidence for 
presentation in court to an open software Web-enabled application bringing crime 
mapping and analysis to a larger audience than is possible with commercial 
packages. 

 In Chap.   5    ,  Ronald E. Wilson  and  Ann D. Fulmer  apply spatial and temporal 
categorizations of the “near repeat” concept to measure the extent of foreclosures in 
order to identify concentrations of mortgage fraud and predatory lending. They 
demonstrate that near repeat spatiotemporal analysis can be applied to help fraud 
investigators identify loans for scrutiny that show geographically systematic pat-
terns of foreclosure. In a post-conviction setting,  Mark R. Leipnik  and  Xinyue Ye  
examine geospatial strategies for the management of registered sex offenders in 
Chap.   6    . Documenting current practice in the United States, the authors argue that, 
while four-fi fths of US states use Web maps to provide notifi cation to the public of 
the location and criminal history of registered sex offenders, the notifi cations vary 
considerably in form and content and are such notifi cations open to misuse. In 
Chap.   7    ,  Manuel Rodríguez Herrera  and  Daniel Salafranca Barreda  introduce the 
Science, Data, Intelligence, Knowledge (SDIK) project, a geo-information interna-
tional security endeavor for making visible the “invisible” conditions of communi-
ties and neighborhoods. The SDIK project incorporates a set of technical-scientifi c 
and geospatial innovations to help understand newly emerging activities within 
communities and help uncover evidence of possible criminal activity. 

 Remaining at the neighborhood scale,  Jamison Conley  and  Rachel Stein  exam-
ine the relationships among the factors of neighborhood disorder and collective 
effi cacy using measures of spatial correlation and spatial regression in Chap.   8    . 
Their fi ndings illustrate the potential of spatial analysis for informing policing 
strategies. They reason that the results of this type of analysis can lead to a better 
use of police resources to avert crime. Also recognizing the importance of place 
and neighborhood, in Chap.   9      Matthew J. Hickman ,  Loren T. Atherley , and  Geoffrey 
P. Alpert  describe the utility of geospatial analysis for monitoring, understanding, 
and responding to police use-of-force incidents. Their research stems from an 
investigation for the Seattle Police Department which had the aim of improving the 
quality of police monitoring and accountability. Through mapping spatiotemporal 
patterns of liquor law violation citations in the college town of La Crosse Wisconsin, 
 Gargi Chaudhuri ,  Steven Oxley , and  Scott Wenzlaff  provide, in Chap.   10    , a means 
to focus the deployment of intervention measures and increased vigilance to 
restrict alcohol consumption among underage youths and prevent associated crime 
and accidents. 
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  Guiyun Zhou ,  Jiayuan Lin , and  Xiujun Ma  introduce in Chap.   11     a Web-based 
GIS for crime mapping, analysis, and decision support as an affordable option for 
small- and medium-sized police departments. The authors discuss the architecture, 
construction, and open software of the development of the prototype system. In 
Chap.   12      William. C. Walker ,  Sunhui Sim , and  Lisa Keys-Mathews  study the infl u-
ence that a hurricane had on the space-time behavior of local patterns of crime. The 
authors explore the use of geographically weighted regression (GWR) for under-
standing aspects of the ecology of crime. The results reveal that more accurate pre-
diction of crime types within cities is possible. Finally, Chap.   13    , by  Irfan Ashraf , 
 Urooj Saeed ,  Naeem Shahzad ,  Javed Gill ,  Shahid Parvez , and  Akram Raja , presents 
a detailed case study of the delineation of legal forest boundaries to identify and 
contest illegal forest encroachment. Forest boundaries and encroachments were 
mapped in coordination with the Punjab Forest Department, the Survey of Pakistan, 
the Punjab Revenue Department, and the World Wildlife Fund Pakistan. The study 
results were presented as evidence to the High Court in Lahore, Pakistan, as part of 
an effort to control illegal forest use. 

 The collection of insights and research presented here has advanced the literature 
on forensic GIS, albeit incrementally, and has raised the premise of the importance 
of continued research into spatially enabled forensics. The editors look forward to 
future developments in the integration of GIT and forensics. To that end we have 
included an annotated bibliography of court cases involving the legality of geospa-
tial technology and its introduction in court. Selected cases involving GPS, remote 
sensing, and GIS have been included.  
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for Investigating Crime and Providing Evidence, Geotechnologies and the Environment 11,
DOI 10.1007/978-94-017-8757-4_1, © Springer Science+Business Media Dordrecht 2014

    Abstract     Forensics is the application of science to solve crime . Geographic 
Information  Science , encompassing geospatial  information and technology (GIT), 
has become established within the criminology  and forensic fi elds in the last decade. 
Law enforcement  agencies  and forensic investigators  embrace geospatial science 
and technologies for collecting, storing, manipulating, analyzing, and displaying 
spatial  data , resulting in new information, procedures, and models for investigation , 
policy, and decision making. Applications, acceptability, relevance , and procedural 
legality of geospatial technologies  vary substantially, leading to the assessment 
of their roles in law enforcement, rules of evidence , protection of privacy , and 
constitutional liberties . This chapter discusses the context and principles of geospatial 
technologies and the integration of geospatial tools, principles, and methods into a 
fi ve-stage model of crime analysis  and investigation.  

  Keywords     Forensic science   •   Geographic Information  Science    •   Geospatial  
technology   •   Geographic Information Systems  (GIS)   •   Global Positioning System  
(GPS)   •   Remote sensing   

1.1         Introduction 

 As geospatial  science and technologies become ubiquitous in society, a wide range 
of disciplines and professions adopt them for collecting, storing, manipulating, 
analyzing, and displaying spatial  data , resulting in the generation of new information 
and models for policy and decision making. Forensics is the application of science 

    Chapter 1   
 Concepts, Principles, and Defi nitions 

                Gregory     A.     Elmes     ,     George     Roedl     , and     Jamison     Conley    
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to solve crime . It follows therefore that as geospatial science and its associated 
technologies emerge, they make a distinct and unique contribution to forensics 
(McKinley et al.  2008 ; Noond et al.  2002 ; Wolff and Asche  2009 ). Law enforcement  
agencies  and forensic investigators  have adopted geospatial technologies  to profi le 
serial offenders , track suspects, and guide crime reduction  efforts, among other 
purposes. Legal experts utilize the analytical and visual capabilities of geospatial 
technologies to present, demonstrate, and explain complex information in the 
courtroom. Citizen groups have fought successfully against environmental discrim-
ination and have engaged in class-action lawsuits, strengthened by the collection, 
analysis, and presentation of geospatial data . 

 Geospatial  technologies  have a long history of use in a broad range of applications 
such as environmental conservation, real estate, military and security, municipal 
planning, epidemiology, and agriculture. Recently, Listi et al. ( 2007 ) observed an 
increased popularity of what they described as the fi eld of forensic spatial  analysis , 
citing the evident increase in geospatial technology use presented at forensic- oriented 
conferences. Despite a relative lack of published research articles in criminology  
and forensic-related journals, geospatial technologies also serve as highly useful 
tools in criminal investigations . Geospatial technologies have unique capabilities 
which are ideally suited to collecting and analyzing spatial data . Traditional 
methods of investigation , such as pin maps, are largely unable to cope with volumes 
of multifaceted spatial information  in any meaningful manner capable of assisting 
in identifying an offender  or excluding possibilities. Digital spatial technologies  
result in a more effi cient investigation, linking people, places, and objects in a way 
that assists in optimizing time and resources in pursuit of guilty parties. Conversely, 
traditional methods of investigation remain vitally important. The merging of 
spatial tools  and methods into investigative  practices to establish facts admissible in 
court   is therefore a practice that should be recognized. The application of spatial 
tools to assist in established investigative practice by adding a spatial perspective  is 
the focus of forensic GIS . 

 The widespread use of geospatial  technologies  has increasingly exposed 
courtrooms to the demonstrative powers of spatial  technologies  in civil and crim-
inal cases. Section  1.5  of this chapter integrates a fi ve-stage workfl ow for crime  
analysis  and investigation  with the comparable stages of GIS . In the United 
States of America, federal, state, district, and circuit courts , as well as the US 
Supreme Court , have ruled on the legality of the use of geospatial technologies 
under various circumstances. Higher courts have overruled the judgment of lower 
courts, which has introduced a degree of debate and contention into the legal  
uses of various geospatial technologies. This book is intended as a guide to under-
standing the various roles geospatial technologies provide in investigating crime, 
providing evidence , and developing policy within the legal system , broadly 
defi ned, and how these roles have changed with advances in the technology itself 
and the legal challenges involved in using the technology for investigation and 
providing evidence.  

G.A. Elmes et al.
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1.2     Geospatial  Technologies  

 Recent innovations in information technology have had “dramatic and profound 
effects in the criminal justice system  and will likely have both intended and 
unintended consequences” (Byrne  2008 : 10). Many of these new technologies, 
incorporating advances in both hardware and software, have proven to be effective 
improvements over previous technologies for the purposes of investigating, prose-
cuting, convicting, and exonerating suspects, as well as pursuing civil suits (Jacobson 
 2004 ). Geospatial  information and technology (GIT), or simply geospatial technology  
or geomatics outside the United States, has increased in prominence signifi cantly 
within the criminology  and forensic fi elds in the last decade. While geospatial 
technologies have been commonly associated with hundreds of applications over 
the past 50 years, they have only recently begun to be employed in investigative  
applications  as a common practice, as their acceptance in the legal  system  increases 
and decreased costs make their use effective. 

 To identify geospatial  technology  competencies within the general workforce, 
Cyndi Gaudet assembled a focus group consisting of geospatial industry stakeholders. 
This group defi ned geospatial technology as “an information technology fi eld of 
practice that acquires, manages, interprets, integrates, displays, analyzes, or otherwise 
uses data focusing on the geographic, temporal , and spatial  context. It also includes 
development and life-cycle management of information technology tools to support 
the above” Gaudet et al. ( 2003 : 24). Although such a defi nition is very general and 
all encompassing, it recognizes the extensive nature and roles of GIT across many 
subject domains. DiBiase et al. ( 2010 ) recognized that because of their breadth and 
diversity, geospatial technologies mean very different things to different people, 
ranging from a scientifi c discipline to a collection of tools and from a profession to 
an industry. However geospatial technologies are interpreted, they are identifi ed 
as an opportunity for many fi elds and many disciplines. Goodchild ( 2008 : 352) called 
geospatial technologies “powerful extensions of the senses, revealing things that 
would be impossible to obtain in any other way.” At a minimum geospatial technologies 
include those tools or techniques which are commonly applied to geographic or 
spatial data . Frequently, Geographic Information  Systems  (GIS), Global Positioning 
System  (GPS), and remote sensing  are categorized as the three main geospatial 
technologies (see Bossler et al.  2010 ) which are well-established fi elds of study 
and in general public use across a wide range of applications (e.g., conservation, real 
estate, military applications, municipal planning, epidemiology, and agriculture). 

1.2.1     Geographic Information  Systems , Science, and Studies 

 Although the acronym “GIS ” is typically reserved as an abbreviation for Geographic 
Information  Systems, it is often applied somewhat ambiguously to distinctly different 
subfi elds of study. Goodchild ( 1992 ) suggested GIS was not only a “system” but also 

1 Concepts, Principles, and Defi nitions
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a “science” refl ecting substantial differences in usage. Scholars (Forer and Unwin 
 1999 ; Longley et al.  2005 ) later associated the “S” with “studies,” expressing the 
GIS acronym as either Geographic Information Systems, Geographic Information 
Science , or Geographic Information Studies . To avoid confusion and provide the 
precise context of the acronym, distinctions can be made. Geographic Information 
Science is often differentiated as GIScience, GISci, or GIs(c), and the fi eld of 
Geographic Information Studies is typically denoted as either GIStudies or GIs. 

 Goodchild ( 2008 ) and Longley et al. ( 2005 ) elaborated the differences of meaning 
in the various GIS  acronyms. A Geographic Information  System (GIS) is defi ned as 
a computer system for capturing, managing, integrating, manipulating, analyzing, 
and displaying geographically referenced data. It can be seen as consisting of fi ve 
components: hardware, software, data, methods, and people connected by a computer 
network (Longley et al.  2005 ). In a GIS, location becomes the common denominator 
between disparate datasets, enabling them to be correlated, merged together, and 
managed to explore relationships between data in order to identify patterns and 
trends in the form of maps, analytical reports, and charts. Geographic Information 
Science (GISci) emphasizes underlying principles and fundamental questions, as 
well as the research and development raised by the use of GIS through strong scien-
tifi c and intellectual components (Goodchild  1992 ; Getis et al.  2000 ). Research into, 
and extension of the concepts of, scale, dimensionality, topology, and spatiotemporal  
representation drives GISci inquiry. In a synergetic relation, GISci affects the imple-
mentation of GIS while the functionality of GIS advances the theory and practice of 
GISci (Gold  2006 ). Mark ( 2003 ) provided a more thorough explanation of GISci, 
which he summarized as a multidisciplinary research fi eld for redefi ning geographic 
theories, concepts, and uses. Geographic Information Studies  (GIStudies) empha-
size GIS in a societal context and examine issues such as privacy , ethics, legality, and 
return on investment (Forer and Unwin  1999 ; Chrisman  2005 ). 

 GIS , GISci , and GIStudies  each has associated applications and challenges in 
crime  investigation  and the production of evidence . In Chap.   13    , surveying, GIS, 
and remote sensing  are combined to merge spatial  data sets to create maps of legal  
forest boundaries  in Pakistan. Using this information, researchers and law enforce-
ment  agencies  are able to reproduce, update, and distribute standardized maps and 
atlases to identify and monitor areas of illegal encroachment on protected forest  
land . The maps identifying encroachment within the legal forest boundaries are then 
used to provide evidence to the court  system . Chapter   11     focuses on GISci as the 
authors develop a prototype crime mapping  and decision support  system for law 
enforcement agencies in the Web environment . A focus on publicly available Web 
maps  of registered sex offender  residences in Chap.   6     explores aspects of GIStudies 
to examine societal issues of geospatial  technology  that are both benefi cial to public 
safety and potentially injurious to offenders  who may become targeted victims  
of harassment , arson , assault , and murder . The challenges are numerous when 
applying GIS, GISci, or GIStudies to crime investigation  or providing evidence 
arising from concerns with associated hardware, software, data, methods, and people. 
Problems arise with the selection of appropriate data collection, storage, analysis, 
integration, and display. Underlying theories and principles have been questioned as 

G.A. Elmes et al.
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well as the interpretation of results and societal impacts. Chapter   2     explores such 
challenges to illustrate what is required under the rules of evidence  and admissibility  
for geospatial technology.  

1.2.2     Global Positioning Systems  

 Among the family of geospatial  technologies , satellite  navigation systems are 
perhaps the most familiar, of which the Global Positioning System  (GPS) is the 
most frequently used. The availability of GPS devices  for outdoor activities, such as 
hiking and geocaching, as well as vehicle navigation and location-based services 
provided through cellular phones and mobile computing devices permeate contem-
porary society. Equally, no other geospatial technology has affected the geospatial 
industry and discipline as profoundly as GPS (Bossler et al.  2010 ). Made public 
in the United States in the 1980s, the GPS has advanced to provide real-time, 
centimeter-level positional accuracy  across much of the globe through the use of 
networks of 30+ satellites that orbit the earth. Galileo, GLONASS, and BeiDou 
(BDS) are the European, Russian, and Chinese equivalent satellite navigation 
systems in various stages of development and accessibility. 

 The advantages of real-time positional data for investigating crime  and providing 
evidence  are abundant. Law enforcement  agencies , judicial systems, and citizens 
have embraced the tracking ability of GPS ; for example, law enforcement agencies 
have solved criminal investigations  armed with a record of a suspect’s movements 
captured by a GPS device (Byrne  2008 ). Courts  commonly order the attachment of 
ankle bracelets fi tted with a GPS to offenders  to ensure compliance with restrictions 
(e.g., in-home confi nement or restraining orders). Citizens equip vehicle and 
equipment with devices such as LoJack which allow for tracking and recovery 
of stolen equipment; however, as with many other technologies, GPS has an established 
track record of misuse (e.g., for stalking victims ) and has been subject to numerous 
legal  controversies and challenges (e.g., violations of the fourth amendment (United 
States v. Jones  2012 ).  

1.2.3     Remote Sensing  

 The oldest geospatial  technology , remote sensing  is a mature discipline with well- 
understood concepts and principles and a range of versatile applications ranging 
from aerial photography  to LiDAR  (Warner et al.  2009 ). Jensen ( 2007 ) provided 
eight defi nitions of remote sensing with the common premise that remote sensing is 
the art and science of acquiring data and information about an object without 
making physical contact with that object, ensuring the object is not disturbed or 
altered through the act of measurement. There are two types of remote sensing: 
passive and active. Passive remote sensing detects and collects energy emitted from 
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an object, such as refl ected sunlight captured in photographs or sensors. Active 
remote sensing emits energy in order to measure the refl ected energy from the 
object of observation. Some active remote sensing (e.g., X-ray) has the potential of 
affecting targeted objects, but longer wavelengths such as visible light or RADAR 
do not. Remote sensing sensors can be employed on ground platforms (e.g., vehicles 
or structures), in the air (e.g., attached to aircraft such as unmanned drones ), and in 
space  (e.g., satellites ). 

 Just as GIS  and GPS  have benefi ted investigations  and provided evidence , the 
long history of remote sensing  has ensured its widespread use. As new technological 
advances and capabilities continue to emerge, the potential applications for investiga-
tions and evidence will continue to increase. However, there are, and will continue 
to be, controversies and challenges associated with the surveillance  and data storage 
capabilities inherent to remote sensing and other geospatial  technologies .   

1.3     Spatial  Data 

 Spatial  data  are distinctive in that they contain linked information about location 
and attributes (Gabrosek and Cressie  2002 ). Goodchild et al. ( 2000 ) noted that 
the term spatial is in fact shorthand for spatiotemporal , as it refers to data and phe-
nomenon that have both spatial and temporal dimensions of variation. In having 
integrated components of location (places and times) and attributes, spatial data 
require specialized data storage, handling, and management. Although the terms 
geospatial  and spatial are often used interchangeably, spatial is the more generalized 
term denoting locational context at any scale, while geospatial refers to data with a 
location component that can be referenced to a point on the earth (Longley et al. 
 2005 ). Spatial data is an extremely valuable and versatile resource, which is subject 
to widely accepted international standards (   Boer et al.  2007 ). Rooted in the spatial 
science  tradition of the discipline of geography (see Martin and James  1993 ), the 
spatial perspective  emphasizes the role of location and scale as important variables 
in understanding patterns, processes, and causality. 

 Because of its unique composition, spatial  data  are handled differently from non-
spatial data to address the role of location. For example, any location has the potential 
for the occurrence of a crime  incident; however, certain spatial relationships signifi -
cantly increase the chances of places having an incident, such as  within  blighted 
neighborhoods,  near  alcohol  outlets,  outside  gated communities,  along  particular 
streets,  adjacent  to wooded lots, or combinations of such factors. As may be gathered 
from these examples, location is an important component in not only understanding 
crime but also in the investigation  and prosecution of crime. The use of geographic 
principles and spatial perspective s assist in efforts to investigate  crime and apprehend 
offenders  and increasingly takes on a forensic role, especially in the form of geo-
graphic profi ling  (Brantingham and Brantingham  1981 ; Rossmo  2000 ). 

 Spatial  data  have several advantages over nonspatial data. Given known location 
and attributes, spatial data can be mapped  and analyzed readily. Mapping allows for 
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the visual recognition and empirical demonstration of patterns from complex datasets, 
such as the detection of clusters  of crime  incidents  within a large database of all 
police  events. Crime mapping  and analysis takes advantage of these clusters or hot-
spot areas for tactical and strategic planning to prevent and reduce crime (Boba 
 2005 ; Bruce  2001 ; Getis et al.  2000 ). A growing number of police departments  
routinely map and analyze crime data  for different purposes (Mamalian and LaVigne 
 1999 ; Markovic et al.  2006 ; Nelson  1999 ; Wang  2005 ; Wartell  2003 ). Through 
georeferencing, spatial data also provides a commonality between disparate datasets 
based on their common geographic location or footprint. Consider the Internet  
for example – a user can search any set of locations and retrieve data on people, 
businesses, attractions, items for sale, weather, and news events for the set of 
locations. An investigator may become more informed in identifying vehicles, 
weapons, parolees, warrants, or calls for service  to a particular location by querying 
disparate but georeferenced databases using one or more addresses. Similarly, the 
investigator is able to expand the query to include all records within a given distance 
of the address, without the need to know and query every specifi c individual address 
within the given distance. 

 Clearly modern spatial  data  are also digital. Whether collected by, or stored in 
computers, these data can be easily exchanged and shared through clearing houses 
like the National Spatial Data Infrastructure (NSDI). Vast amounts of spatial data 
have been produced by the federal government and state governments with many 
local government partners. In the United States, much of the governmentally 
produced spatial data is in the public domain and covers large geographic areas at 
ever- increasing spatial resolution , which allows for cross-jurisdictional analysis 
with little diffi culty. The wide availability of spatial data generates a wealth of infor-
mation for decision making, policy, and management, and the dynamic and interactive 
nature of spatial data provides an additional advantage. Given dynamic data, the 
user can update results and explore new relationships and trends. For example, a 
common application is to identify routes using an Internet  map service . A user can 
specify whether the user wants the quickest route, the shortest route, the route 
with most or least use of interstate highways, or even a route which avoids tolls 
and construction activities. Regardless of the fi nal choice, GIS  presents the user 
with options, informs the user with results, and produces new information, while 
not altering the original underlying data in generating the results.  

1.4     Forensic GIS  

 According to the American Heritage Dictionary of the English Language, 1  forensics 
is “the use of science and technology to investigate  and establish facts in criminal 
or civil courts  of law.” More broadly interpreted, forensics is the application of 
any science or technology used to investigate and establish facts. As a result, the 

1   http://www.freedictionary.com 
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concepts of location, place, and scale are intrinsically embedded within forensic 
investigations , analyses, and through the presentation of evidence , as are spatiotem-
poral  relationships. 

 Burrough and McDonnell ( 1986 : 11) defi ned GIS  as “a powerful tool capable of 
storing, retrieving, transforming and displaying spatial  data  for a particular purpose.” 
Applying the Burrough and McDonnell defi nition with its emphasis on a particular 
purpose, the phrase “forensic GIS ” can be said to establish that purpose. A distinc-
tion made for forensic GIS is necessary due to the overwhelming volume of litera-
ture pertaining to GIS in general and in other specifi c fi elds. The term and concept 
of forensic GIS is introduced here, not as a new or unique fi eld so much as a way 
to provide the forensic and criminal justice -related communities with a distinction 
pertinent to their purposes and interests. As such, it is anticipated that new ideas and 
research in this area will not get lost among the volumes of GIS literature in general, 
but will stand out as a forensic GIS literature. The main utility of forensic GIS is to 
provide associative evidence , which assists in either proving or disproving links 
between people, places, and objects as they relate to the court of law . It should be 
stressed that a forensic GIS acts to assist traditional investigative  techniques 
by adding a spatial perspective  and should not be considered as a technological 
replacement for them. 

 Access to GIS  technology and spatial  data  has accelerated over the last two 
decades and is clearly impacting the ways investigations  are performed and evidence  
is presented in court . Technology has become a more reliable and effi cient means of 
generating evidence than police  hunches (Jacobson  2004 ). The National Institute of 
Justice ( 2009 ,  2010 ) identifi ed high-priority needs for criminal justice  technology 
within the scope of fi ve functional areas, one of which was enabling informed 
decision making. The NIJ reports listed a range of needs for spatial analysis  tools and 
technologies that included the need to analyze geographic linkages among people of 
interest to criminal justice  agencies, extend the current capabilities of crime -related 
databases, provide compatibility with mobile/handheld devices, and identify and 
extract hidden relationships in large and complex datasets. 

 Although a defi nition of forensic GIS  has yet to be formally established, Morrow- 
Jones et al. ( 2005 : 19) set forth the concept of a “forensic GIS ” as a way to “collect, 
explore, and analyze spatial  data  in order to detect irregularities that may violate 
law or fair practice.” However, this defi nition is rather narrowly based on the terms 
“detect” and “irregularities.” An alternative defi nition is the application of geographic 
and spatial tools , principles, and methodologies to investigate  and establish 
facts within the boundaries of forensics. As such, under the basic defi nition of 
forensics, spatial science  serves as a specifi ed science, and geospatial  technology  
is the technology used to investigate and establish facts that may be presented in 
criminal or civil courts  of law. 

 The boundaries of forensic GIS  are not clearly defi ned and may overlap with 
other forensic or spatial  science  subdisciplines. However, an examination of closely 
related fi elds reveals important characteristic differences. Forensic geography , 
geoforensics, forensic geoscience, forensic mapping , and environmental forensics  
are often closely associated with geospatial  technologies  and geographic theories 
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and principles. Forensic GIS  is set apart in that the use of geospatial technologies 
is not discipline specifi c and the geospatial analyst does not necessarily need to be 
an expert trained in spatial science. For example, anyone (from any discipline 
with any level of spatial expertise) can use an online Web mapping  service to 
determine distances and time requirements for travel between two locations to 
determine the possibility, or improbability, of a suspect conforming to an estab-
lished timeline of events. 

 Forensic geography  is a subdiscipline of geography wherein a geographer or 
other expert does research and provides expert testimony  appropriate to a court of 
law  based on geographic theory  and principles (Brodsky  2003 ; Schmitz et al.  2013 ). 
DeVorsey ( 1973 ;  1980 ) also referred to this as both forensic historical geography 
and historic geography when historical geographers conducted the research and 
testimony. Geoforensics and forensic geoscience are synonymous with each other 
and, although there are varying defi nitions, refer to the application of “geo” or earth 
sciences to forensic investigations  (Morgan and Bull  2007 ; Pye and Croft  2004 ; 
Ruffell  2006 ; Ruffell and McKinley  2008 ). Schmitz et al. ( 2013 ) categorized forensic 
mapping  as a fi eld of forensic geography that maps criminal activity  using location 
data from GPS  devices  and cell phone usage data. Environmental forensics  focuses 
exclusively on environmental concerns and enforcement (Brilis et al.  2000 , 
 2001 ; Grip et al.  2000 ; Ruffell and McKinley  2008 ). There are numerous other 
“forensic” fi elds, such as forensic archeology (Obledo  2009 ), forensic geology 
(Murray  2004 ), forensic geomorphology (Ruffell and McKinley  2005 ), forensic 
seismology (Ruffell and McKinley  2005 ), and forensic palynology (Mathewes 
 2006 ; Mildenhall et al.  2006 ). The time is ripe to develop the study of forensic GIS .  

1.5      Stages of Crime  Analysis and Investigation 

 Zhao et al. ( 2003 ) divided crime  analysis  and investigation  into fi ve workfl ow 
stages: (1) collecting crime data ; (2) processing and storing crime data and docu-
ments; (3) searching, retrieving, and collecting additional information for crime 
analysis; (4) analyzing information to fi nd clues; and (5) using information to 
prosecute (or defend) individuals. These workfl ow stages are organized to follow 
a seamless timeline (temporal  continuum) beginning before a crime is committed 
and culminating in the obtainment of either a prosecution or acquittal before the 
cycle is repeated. Noticeably, the fi ve workfl ow stages of crime analysis and 
investigation are similar to the six workfl ow stages used to defi ne GIS  (capture, 
manage, integrate, manipulate, analyze, and display spatial  data ). Calling it the 
“geographic approach,” Dangermond ( 2007 ) referred to the integration of GIS as 
a new way of thinking. Conceptually, forensic GIS  can be viewed as a new way 
of thinking which integrates the fi ve workfl ow stages of crime analysis and investi-
gation with the defi ning workfl ow stages of GIS along a temporal continuum that 
extends from a spatially enabled pre-crime capability to the courtroom presentation 
of spatial data. 
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1.5.1     Stage I: Collecting Crime  Data 

 Crime  scenes exist in time and space . Concepts of location, place, and relative 
location (next, near, overlapping) are intrinsic to investigation  and evidence . 
Location, place, and scale are embedded within the data, as are spatiotemporal  
relationships. The challenge in establishing a spatially enabled forensic GIS  crime 
data base  is fi rst to collect and store the information and then to use and reuse it 
during the investigative  process (Oatley et al.  2006 ; Rossmo  2006 ). Information 
about any particular crime should be collected with the understanding that it will be 
used in future analysis, including spatial  analysis . Oatley et al. ( 2006 ) contended 
that while a single recorded crime may have little value, when a diversity of infor-
mation from an event is collected and stored in a comprehensive crime database, it 
provides a powerful retrospective investigative tool . Rossmo ( 2000 ,  2006 ) similarly 
stated that information must be properly collected, analyzed, and shared if it is to be 
of any value to investigators . Because a forensic GIS  identifi es spatial relationships, 
it is important to have a precise and accurate location of a crime scene  to facilitate 
confi dence in the results of any future analysis.  

1.5.2     Stage II: Processing and Storing Crime  Data 

 As Nelson ( 1999 ) pointed out, law enforcement  is about information management and 
location. Unlike traditional record management databases, a GIS  database sup-
ports traditional tabular-based data, such as spreadsheets, and additional multimedia- 
based information, such as word processing documents, digital pictures, and video 
and audio recordings. However, analysis is currently restricted to the spatial  and 
nonspatial component of the tabular data, excluding the images, video, and audio 
recordings. This limitation may eventually disappear with advances in technology. 
For example, integrating facial recognition software with GIS will provide further 
linkages between suspects and crime  scenes  based on collected and stored photo-
graphic evidence .  

1.5.3     Stage III: Searching, Retrieving, and Collecting 
Additional Information for Crime  Analysis 

 The investigation  process involves asking specifi c questions, and the responses are 
essential in establishing links in criminal activity . A simple example is determining 
if a crime  scene  has distinctive characteristics that are similar to those at other crime 
scenes. Two crime scenes which share distinctive characteristics might indicate 
to investigators  that the same offender  was possibly involved in both incidents 
and provide a link between an offender and crime scenes; however, the ability of a 
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forensic GIS  to link criminal activities effi ciently relies on an investigator formulating 
the relevant questions (Adderley and Musgrove  2001 ). Traditional GIS  investigations 
have focused on suspect identifi cation and pattern analysis in linking activities with 
offenses (Groff and La Vigne  1998 ; LaVigne and Groff  2001 ). Descriptive factors 
and locations of crime scenes serve as starting points to identify potential suspects 
from additional databases which can be linked to the GIS. 

 During this third phase, information collected is examined to determine what is 
available and what remains to be collected for further investigation . Any necessary 
additional information is then obtained. A common means of obtaining additional 
information is through the process of querying additional law enforcement databases, 
such as sex offender  registries or parolee databanks, as well as government record 
databanks such as motor vehicle registration or through third-party databanks, such 
as utility companies and cell phone  providers. A forensic GIS  enables investigators  
to search for information not only based upon attribute linkages but also by spatial  
linkages. An example might be to identify registered sex offenders  living nearest 
to a sexual assault  scene (spatial link) or to identify a list of previous offenders 
on parole/probation who may not be properly registered (attribute link). The impor-
tance of dispersed systems to maximize the search is evident. 

 Discovering which crime  incidents  belong to a series is an essential and impor-
tant step in serial crime investigation  (Rossmo  2006 ). Link analysis , also known as 
comparative case analysis, is the process used to tie a series of crimes together 
based on three main methods: (1) physical evidence , (2) offender  description, and 
(3) crime scene  behavior (Rossmo  2000 ). A forensic GIS  can be used to establish 
such links and display the locations where the potentially linked incidents occurred. 
Using a forensic GIS  to link similar crimes or suspected offenders within a limited 
geographic area provides further associative evidence  of a relationship. One of the 
benefi ts of linking cases is that it informs an investigator of a potential serial crimi-
nal, which permits the focus of the investigation  to shift from multiple unrelated 
incidents to identifying a single suspect responsible for many incidents. As such, 
apprehension of one individual would have the potential of solving numerous linked 
cases. Once a suspect is apprehended, the link analysis informs the investigators  to 
question the suspect about each of the linked cases and seek to prove guilt through 
a confession, physical evidence , or witnesses  (Rossmo  2006 ). In contract to estab-
lishing links between multiple incidents and a single offender, using a forensic GIS 
in the link analysis process may also inform investigators of potential multiple 
offenders for similar incidents based on geographic location.  

1.5.4     Stage IV: Analyzing Information 

 Whether investigating a major crime  or a crime series, vast amounts of data are 
generated, and the sheer volume of these data invariably obscures possible underly-
ing relationships and linkages (Adderley and Musgrove  2001 ). Nelson ( 1999 ) stated 
without analysis that data is useless. A GIS  allows a database and a map to be linked 
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for the purpose of data analysis and visualization. Markovic et al. ( 2006 ) described 
such GIS maps  as “heuristic devices, or effective tools for stimulating investigatory 
processes, exploration, and reexamination” with the advantage of being able to 
empirically validate hypotheses generated through discussion and an interactive 
discovery process performed by patrol offi cers , detectives, and crime analysts. 
While collected information alone is useful within an investigation , further analysis 
can allow investigators  to confi rm or reject identifi ed links. Within a forensic GIS , 
the analysis is centered on spatial  information  to inform the investigative  process. 
Longley et al. ( 2005 ) suggest six generalized types of spatial analysis  common to 
GIS: (1) queries, (2) measurements, (3) transformations, (4) descriptive summaries, 
(5) optimization, and (6) hypothesis testing. A detailed discussion on the various 
types of spatial analysis remains outside the scope of this chapter; suffi ce it to 
say there is a wide range of spatial analysis techniques available to investigators, 
and the choice of which types of analysis to use would depend upon each unique 
investigation case.  

1.5.5     Stage V: Using Information 

 GIS  technology allows the analysis of data to identify, apprehend, and prosecute 
suspects (Nelson  1999 ). Suggs et al. ( 2002 ) discussed the benefi t of link analysis  as 
a widely accepted tool for criminal and environmental investigations  which assists 
in providing an understanding of complex relationships during trial presentations. 
Wilson et al. ( 1997 ) described computer-generated evidence  from GIS as being 
highly reliable. One of the most common applications of GIS in criminal prosecution 
cases is in validating distance measurements. For example, when a drug  sale occurs 
near a school, a GIS map clearly marking whether the location of the suspect’s 
arrest falls within a GIS-measured drug-free buffer zone  often suffi ces to enact 
enhanced penalties. In an investigation of high-crime  areas, Leipnik and Albert 
( 2003 ) discussed the application of GIS to prove signifi cant relationships between 
the location of crime and certain establishments, such as liquor  stores. In these 
cases, civil enforcement actions and license revocation were actions taken in lieu 
of proving criminal activity  on the part of the establishments, although the GIS 
provided both graphic and geographic proof of localized crime when taken to court  
or liquor control board proceedings.   

1.6     Summary 

 The management of the large amounts of raw data and derived information generated 
during criminal investigations  call for new approaches using spatial  information  
technology (Adderley and Musgrove  2001 ). In order to perform meaningful analysis, 
practitioners are fi nding an increasing need for the transfer of new knowledge and 
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technologies from other disciplines (Haggerty  2004 ). Many of these new technologies 
have proven to be improvements over existing forensic technologies for the pur-
poses of demonstrating compelling evidence  in lawsuits (Jacobson  2004 ). Different 
types of geospatial  technology  have been used to investigate  crime , prosecute and 
convict offenders , and exonerate suspects. Common examples of geospatial tech-
nologies include GIS , remote sensing , ground-penetrating radar, high-defi nition 
3-D laser scanning , Light Detection and Ranging (LiDAR ), thermal imagery, radar, 
sonar, magnetic resonance imaging, X-ray, GPS -related tracking, and radio-frequency 
identifi cation. The applications, acceptability relevance , and procedural legality of 
each technology vary substantially, leading to a number of considerations still being 
addressed by the court  system , ranging from the rules of evidence  to the protection 
of privacy  and constitutional liberties . Although considerable precedent exists for 
the use of geospatial technology, new issues and challenges are emerging as the 
technology evolves, generating new legal  considerations. 

 The main utility of geospatial  technology  has been to provide associative 
evidence  to assist in proving or disproving links between people, places, and objects 
as they relate to the court of law . Spatial  data , inherent to geospatial technologies, 
are a valuable and versatile resource when used to investigate  and establish facts in 
a court of law. Forensic GIS , defi ned here for the fi rst time, is the application of 
geographic and spatial tools , principles, and methodologies to investigate and establish 
facts within the boundaries of forensics. The main utility of forensic GIS  is to provide 
correlated evidence , which assists in either proving or disproving geographic, spatial, 
or temporal  links between people, places, and objects as they relate to the court of law.     
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    Abstract     The function of a court  is to resolve disputes through a legal  process. 
With few exceptions, the progression of a legal case will follow the strict guidelines 
of rules and codes developed from numerous court decisions to fairly and effi ciently 
securing a just determination. All federal courts adhere to a fl exible set of rules 
published in the Federal Rules of Evidence  (FRE ). The FRE provides rules and 
defi nitions governing general provisions, judicial notice, presumptions, relevance , 
privileges, witnesses , expert witnesses , hearsay , and authentication . However, there 
are as yet no special rules governing the use of geospatial  technologies  or spatial  
data . From a pragmatic legal perspective, spatial data differs immensely from the 
traditional form of evidence. However, the power of spatial information  is extremely 
persuasive and compelling in litigation. While the acceptance of spatial data and 
methods has increased in litigation, there are also several issues that merit careful 
consideration when using spatial data. This chapter examines key rules and court 
decisions that impact the potential admissibility  of spatial data  and technologies in 
a modern courtroom.  

  Keywords     Admissibility   •   Rules of evidence    •   Demonstrative evidence    •   Scientifi c 
evidence    •   Computer-generated evidence   •   Frye  test    •   Daubert    •   Expert witness   

2.1         Introduction 

 Crowsey ( 2002a ) described spatial  information  as one of the most powerful 
comprehension and communication tools available to legal  practitioners. The 
 likelihood of a successful litigation is greatly enhanced through an effective means 
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of communication and visualization that aids in a greater understanding of the truth 
(Crowsey  2002b ; Cohen  2008 ). Spatial technologies , and the associated spatial 
information derived from spatial technologies, provide the tools and methods for 
persuasive communications by those who adopt them as well as harm those who are 
hesitant to adopt them (Crowsey  2002a ; Gonzalez  2009 ). When effectively and 
properly used, spatial information is capable of providing a persuasive understanding 
of the facts of a case (Crowsey  2002a ,  b ; Cohen  2008 ). Fiedler ( 2003 ) described 
humans as visual learners who prefer visual evidence , citing an 87 % retention rate 
of visual information as opposed to only a 10 % retention rate of oral information 
alone. Pratt ( 2001 ) acknowledged information retention rate statistics as the 
difference between winning and losing a case. On the other hand, however, effec-
tive visual information communication may be the admissibility  of spatial tools  and 
data in legal proceedings requires an understanding of proper procedures. Since 
judiciaries from one country to the next can vary, a discussion of procedural 
processes and the admission of spatial data  in courts  is necessarily restricted. 
Cho ( 2005 ) provides an introduction to spatial law, legal system s, and legal theories 
of various jurisdictions around the world, whereas this chapter addresses the legal 
system in the United States exclusively. 

 The function of a court  is to resolve disputes through a legal  process. Based on 
the English common law court model, the US court system  uses an adversarial pro-
cess in which facts are presented to a judge and jury in a persuasive manner intended 
to support an argument effectively or to refute an opponent’s argument. The role of 
the court in an adversarial system is to act as an impartial referee for the parties 
presenting facts in a dispute to ensure due process is followed. There are two basic 
types of courts: criminal court  1  and civil court. 2  In a criminal court, the adversaries 
presenting facts are the prosecutor and the defender. The prosecutor provides 
compelling evidence  to support accusations of illegal activities by the defender. 
If the prosecutor successfully presents a persuasive argument, the defender can be 
punished through fi nes or imprisonment. Therefore, criminal court cases require a 
prosecutor to provide proof beyond a reasonable doubt to help ensure an innocent 
defender is not punished. By contrast, a civil court resolves disputes between parties 
in which one party prevails by providing the most compelling argument which 
supports their position more favorably than the opponent’s argument. The judge 
serves as the fact fi nder to fi rst determine if a party was wronged and then either 
assesses damages or issues a judicial order to start or stop an action petitioned to the 
court (Cohen  2008 ). For example, in a car accident between two citizens, the judge 
would listen to arguments on each side to fi rst determine who was at fault and then 
make a decision as to what the remedy should be (e.g., repair costs). 

 Both criminal and civil courts  can hold two types of trials. The fi rst type of trial 
is a trial by jury. In a trial by jury, ordinary citizens are called upon to become fact 
fi nders. For criminal cases, a trial by jury is standard with few exceptions. Because 

1   See also  http://www.uscourts.gov/uscourts/rules/criminal-procedure.pdf 
2   See also  http://www.uscourts.gov/uscourts/rules/civil-procedure.pdf 
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selecting jurors is a lengthy process and not all trials (e.g., probate) necessitate a 
jury, bench trials are an alternative. In a bench trial, a judge serves as the fi nder of 
facts and administrator of justice . Every US state has a court  system  making criminal 
and civil trials available. In addition to state courts , there are federal district courts  
which preside over trials of specifi c matters. District courts preside over cases involv-
ing constitutional  law, treaties, maritime law, interstate law and cases, and cases in 
which the US government is either the plaintiff or defendant. There are currently 
89 districts and 94 district courts in the United States. There are also an additional 
13 (11 district, 1 D.C., and 1 federal) judicial courts (also called circuit courts or 
courts of appeals) which preside over district court cases that have been appealed 
when issues regarding errors in the law are suspected (e.g., misinterpretation of a 
constitutional amendment or overstepping/lack of jurisdictional authority). 3  A US 
court of appeals  typically serves as the fi nal arbitrator for most federal cases and 
often sets legal  precedent  through its decisions (Hemmens et al.  2007 ). Unlike 
state and federal courts , an appeals court does not hold trials. Decisions are deter-
mined entirely through records presented at the lower court, although attorneys may 
be permitted to provide a brief oral argument. After an appeals court reaches a deci-
sion, either party may apply to the US Supreme Court  to review the decision. 
Although a lengthy discussion of the judicial hierarchy may seem extraneous in a 
work on forensic GIS , it is important to establish the implications of decisions. It 
should now be clear that district courts only hear certain types of cases, while an 
appeals court is a much more powerful entity that sets legal precedent and policy 
after reviewing select cases, typically dealing with constitutional liberties.  

2.2     Admissibility of Evidence  

 With few exceptions, the progression of a legal  case will follow the strict guidelines 
of rules and codes developed from numerous court  decisions (Cohen  2008 ). All 
federal courts  adhere to the rules for admissibility  adopted by the US Supreme 
Court  and published in the Federal Rules of Evidence  (FRE ). 4  FRE Rule 1101 specifi es 
which courts, judges, cases, and proceedings are required to adhere to the FRE, as 
well as the only three exceptions (a preliminary question of fact governing admis-
sibility, grand-jury proceedings, and miscellaneous proceedings such as issuing an 
arrest warrant). The purpose of the FRE, as stated in Rule 102, is to “administer 
every proceeding fairly, eliminate unjustifi able expense and delay, and promote 
the development of evidence law, to the end of ascertaining the truth and securing 
a just determination.” State court system s adhere to similar sets of published rules 
(e.g., Rules of Civil Procedures) based on the FRE (Onsrud  1992 ). The current edi-
tion of FRE contains 68 rules. 

3   See also  http://www.uscourts.gov/uscourts/rules/appellate-procedure.pdf 
4   Federal Rules of Evidence . Amended 01 December 2012. Available at  http://www.uscourts.gov/
uscourts/rules/rules-evidence.pdf . Accessed 20 September 2013. 
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 In theory , evidence  which is relevant and not excluded by any of the FRE  is 
admissible  (Levi et al.  2013 ). Evidence may be admissible as either scientifi c evi-
dence  or demonstrative evidence . Scientifi c evidence is substantive evidence  having 
probative value in and of itself, while demonstrative evidence is meant to clarify or 
illustrate testimony and has no probative value (Dischinger and Wallace  2005 ; Pratt 
 2001 ). Presented to prove or disprove a matter at issue in court , scientifi c (substan-
tive) evidence comes in the form of testimonial evidence (e.g., oral testimony), 
documentary evidence (e.g., written testimony), or real evidence (e.g., a physical 
object) (Pratt  2001 ). Demonstrative evidence comes in the form of illustrative evi-
dence (e.g., photographs) and actual evidence (e.g., confi scated items). Since scien-
tifi c evidence has independent probative value, it becomes part of the formal record 
which may be examined by a deliberating jury. The jury is then able to review the 
facts revealed through the scientifi c evidence to aid in determination of guilt or 
innocence and liability (Bird  2001 ). In contrast, demonstrative evidence is rarely 
available during deliberations since it has no probative value. 

 Both scientifi c evidence  and demonstrative evidence  must be deemed relevant, 
authentic , and accurate and reliable (commonly referred to as foundation) in order 
to be admissible  (Markowitz  2002 ; Dischinger and Wallace  2005 ). Depending upon 
the manner in which they are used, geospatial  technologies  can provide scientifi c 
evidence , demonstrative evidence, or both. When spatial  data  is merely used to illus-
trate and clarify testimony, it is admissible as demonstrative evidence (i.e., illustrative 
evidence). However, when used to prove the existence of a fact (e.g., a GPS  tracking  
log) or as the basis of an expert opinion  or conclusion, spatial data becomes 
scientifi c (Pratt  2001 ). Admitting spatial data as scientifi c evidence in a trial is more 
diffi cult than admission as demonstrative evidence and is largely dependent on having 
an expert witness  testify about the facts (e.g., authenticity  and accuracy ) of the data 
(Dischinger and Wallace  2005 ). However, spatial data gathered from geospatial 
technologies may be granted greater admissible probative value when there is minimal 
human interaction with the data, such as raw satellite  images  (Krouse et al.  2000 ). 

 Spatial  data  generated from geospatial  technologies , such as GIS , GPS , and remotely 
sensed data , are considered computer-generated data as well as digital data  since com-
puter technology is used to create the data which is stored digitally. Pratt ( 2001 ) referred 
to CGE as an abbreviation applicable to computer-generated evidence  (also referred to 
as computer-generated exhibits), a broad term encompassing any use of computers in 
producing evidence  for litigation. The Committee on Identifying the Needs of the 
Forensic Sciences Community ( 2009 ) referred to digital data as the digital evidence 
(e.g., photographs, call logs, and location records of a device) that could be gathered, 
processed, or interpreted from digital devices, such as desktop and laptop computers, 
cell phones , digital cameras, GPS devices , portable media players (e.g., IPods), etc. 

 Although Chap.   1     characterized spatial  data  as digital data , it is worthwhile to 
make a distinction between spatial data and the computer-generated end product 
derived from spatial data (generated by geospatial  technologies ) that may ultimately 
be admitted into court . For example, digital maps would be considered digital data 
representations of reality, whereas animated  maps may be considered computer- 
generated data. Additional examples could include models which combine spatial 
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data with mathematical formulas and 3-dimensional visualizations or virtual reality . 
The implications of this distinction may have a direct bearing on ease of admissibility  
under the FRE . Consider a simple digital photograph  displaying erosion caused by 
a stream. The photograph represents the stream as it appeared when the image was 
taken for the given spatial location. Next consider a model which combines several 
spatial data sources (e.g., elevation, soil classifi cations, slope, average rainfall, land 
cover) with a mathematical model to predict the erosion of a stream. The accuracy  
of the source data and any transformations of the data; the choice; the quality and 
reliability  of the mathematical model, e.g., the Water Erosion Prediction Project 
Model or the Universal Soil Loss Equation (Flanagan et al.  2001 ); the uncertainty 
of parameters input into the model; the error associated with the procedure; and the 
qualifi cations and experience of the modeler can drastically reduce the chances of 
the model being admitted into court  as an accurate representation of erosion, since 
any of the pathways leading to speculative results could be challenged. Since the 
digital photograph experiences less human intervention, courts are more inclined to 
consider admitting it into evidence  (Crowsey  2002a ). 

 Before geospatial  technologies  can be used in court , they must fi rst be allowed to be 
admitted into court  as evidence . Although all rules are applicable to legal  proceedings 
(Rule 1101 provides for applicability and exceptions), Spencer ( 2006 ) identifi ed eight 
specifi c rules potentially applying to the question of admissibility  of data derived from 
geospatial technologies. However, an additional four rules may also be applicable. 
The 12 rules are 401, 402, 403, 611, 702, 703, 801, 802, 803, 804, 901, and 1006. 

2.2.1     Rules 401, 402, and 403 

 FRE  Rule 401 is the test for relevance  of evidence  in court . Prior to the current version 
of the FRE, Rule 401 simply stated the definition of “relevant evidence” as 
“evidence having any tendency to make the existence of any fact that is of conse-
quence to the determination of the action more probable or less probable than it 
would be without the evidence.” The new Rule 401 has been amended to include 
two conditions: (1) “it has any tendency to make a fact more or less probable than it 
would be without the evidence” and (2) “the fact is of consequence in determining 
the action.” In essence, the revised rule stresses that both conditions must be met in 
order to deem evidence as relevant. 

 Digital photographs  are commonly admitted as evidence , provided they are 
relevant for proving or disproving a material fact. There is no requirement for the 
photographer to testify about the photograph provided a witness  with knowledge of 
the photograph is able to testify that it fairly and accurately represents the depicted 
scene (Gonzalez  2009 ). Similarly, satellite  images  are likely to be deemed relevant 
and admissible  due to their unique ability of providing evidence which satisfi es 
Rule 401 (Crowsey  2002a ). The admissibility  of satellite images and aerial photo-
graphs  as evidence is the same as ordinary photographs (Craig  2007 ). As for GIS  
evidence, whether in the form of maps, models, or simulations, relevance  again 
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poses a minimal barrier to admission provided consequential facts can be deemed 
more or less probable via the GIS evidence (Dischinger and Wallace  2005 ). It would 
understandably be a waste of time and resources to attempt to introduce irrelevant 
evidence into a case. Rule 401 therefore should not be considered an obstacle to the 
admissibility of evidence but rather a mechanism for ensuring an effi cient judicial 
process without adding confusing or ambiguous evidence that provides no supportive 
assistance in a case. 

 FRE  Rule 402 states that relevant evidence , which meets the criteria for Rule 401 
(irrelevant evidence is not admissible ), is admissible as evidence  unless any of 
following provides otherwise: (1) the Constitution, (2) a federal statute (e.g., an Act 
of Congress), (3) the Federal Rules of Evidence, or (4) other rules prescribed by the 
Supreme Court . Under most circumstances, Rule 402 does not provide a barrier to 
the admissibility of spatial data . However, Rule 402 does make it clear that there 
may be circumstances in which relevant evidence cannot be admissible. One clear 
example would be instances in which national security could be compromised 
(e.g., a satellite  image  of a military base). Public safety, privacy , and warrantless 
searches are the main constitutional  issues facing admissibility of spatial  data  
(Markowitz  2002 ). According to the Fourth Amendment , “the right of the people to 
be secure in their persons, houses, papers, and effects, against unreasonable searches 
and seizures, shall not be violated” (US Constitution amend. IV). Three landmark 
cases decided by the US Supreme Court  can be cited as precedent for contesting the 
admissibility of data derived from geospatial  technologies  on the basis of constitu-
tional protection guaranteed by the Fourth Amendment (Markowitz  2002 ). In Dow 
Chemical Co. v. United States ( 1986 ), the Supreme Court ruled the use of commer-
cial aerial photography  used to search private property did not constitute a search if 
the private property was observable with the naked eye and therefore the photogra-
phy was admissible as evidence (Craig  2007 ). In Kyllo v. United States ( 2001 ), the 
Supreme Court ruled the use of a thermal imaging  device did require a warrant since 
the technology revealed details of the interior via technology that was not in the 
general public use (Craig  2007 ). However, the Supreme Court did not defi ne “gen-
eral use” technology, leaving lower courts to rule on a standard (Markowitz  2002 ). In 
United States v. Jones ( 2012 ) 132 S.Ct. 945, the court ruled that the installation of a 
Global Positioning System  (GPS) tracking device on a vehicle and then using the 
device to monitor the vehicle’s movements constitutes a search under the Fourth 
Amendment. As such action constitutes a “search,” a warrant must be issued. 

 Aside from Rule 402 denying the admissibility of evidence , FRE  Rule 403 cites 
additional reasons why evidence  may not be admissible in court . Specifi cally, Rule 
403 states that evidence in which the probative value is substantially outweighed by 
a danger of unfair prejudice, confusing the issues, misleading the jury, undue delay, 
wasting time, or needlessly presenting cumulative evidence may be excluded. 
Clearly, photographs and images have the potential to invoke emotion, leading to 
either favorable or unfavorable prejudice. Similarly, it is not hard to imagine how 
the use of images could be abused to cause confusion or deceit or how an excess of 
similar images could be needless. However, as Krouse et al. ( 2000 ) pointed out, the 
interpretation of Rule 403 is highly discretionary when it comes to weighing the 
probative value against the undesirable affects. Therefore, whether a court  allows 
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or denies the admissibility of evidence on the basis of Rule 403 is strictly at the 
discretion of individual judges and an uncertainty to be prepared for. 

 Just as photographs can be seen to cause prejudice, confusion, and misleading 
testimony, spatial  data  can also be presented in a manner leading to the same results. 
For example, the representation of a suspect’s home on a map symbolized by a skull 
and crossbones or a mean-faced emoticon symbol conveys the implication of guilt. 
Other potential examples could be more subtle, but effective implants of prejudice, 
confusion, or misleading, such as the choice of color on a map or the use of a map 
originally intended for a very different purpose. When he wrote “How to Lie with 
Maps,” Monmonier ( 1996 ) recognized the fact that maps signifi ed authority and people 
trusted them unquestioningly, despite the ease of deceitful representation. The reality 
is that judges, juries, attorneys, plaintiffs, and defendants are part of the population 
Monmonier suggested would have no reason not to trust a map. However, as Wood 
has recently reemphasized, “the map is not reality” (Krygier and Wood  2011 ); therefore, 
recognition of unfair prejudice or misleading testimony provided through maps may 
not be evident within the judicial system without the aid of an expert. 

 Pratt ( 2001 ) discussed the potential for CGE to be misleading or prejudicial. 
CGE is commonly used during the presentation of evidence  and in opening and 
closing arguments to enhance the quality and persuasiveness of the argument. As 
long as CGE accurately and fairly represents the testimony without being prejudi-
cial or misleading, CGE is admissible  to aid in understanding the truth. However, 
CGE technology has a great potential for promoting prejudice on the part of jurors 
who often consider CGE to be the truth instead of an aid for understanding the 
truth. As a heightened sense of reality becomes feasible through CGE technology, 
such as simulations, 3-D visualization, and virtual reality , the concern for undue 
prejudice is also increased through the emotions communicated, intentionally 
or otherwise, to the jurors. In order to minimize the concerns for prejudice and 
misleading testimony, which may disallow the admissibility  of CGE , there are now 
standard practices in place. First, it should be evident to the court  that the CGE 
is not real. For example, the representation of individuals should not resemble 
individuals in the courtroom. The more realistic the CGE, the more likely it is to 
unduly infl uence jurors. Second, jurors should only be allowed to view CGE, not 
participate in it. Third, infl ammatory sound effects, such as screaming or weapons 
fi re, should be omitted. And fi nally, the court should request limiting instructions on 
the jury’s consideration of the CGE to make it absolutely clear the CGE is not reality, 
but rather an illustrative aid for understanding facts.  

2.2.2     Rule 611 

 FRE  Rule 611 deals with the mode and order of examining witnesses  and presenting 
evidence . The court  is given “reasonable” control over the mode and order of exam-
ining witnesses to make the procedures effective for determining the truth, avoid 
wasting time, and to protect the witnesses from harassment  or undue embarrassment. 
This rule further limits witness cross-examinations and provides guidelines 
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concerning leading questions during testimony. Spencer ( 2006 ) cited Rule 611 as a 
basis for the exclusion of evidence after it has been admitted into testimony due to 
the evidence being cumulative of other testimony. Although no explanation was 
provided, Flamm and Solomon ( 2004 ) suggested demonstrative evidence  involving 
the interpretation or manipulation of the underlying data (e.g., animations , simulations, 
or models) would also fall under Rule 611. Among other terminology, demonstrative 
evidence introduced under Rule 611 is also known as demonstrative summaries , 
demonstrative charts, or pedagogical summaries. As such, the purpose is not to 
provide evidence or summarize voluminous data, but rather to summarize evidence 
already introduced in a manner intended to persuade a jury into accepting an argument. 
Demonstrative summaries may be opinions or inferences but are not admissible  as 
evidence , and the court must make it clear to a jury that demonstrative summaries 
are aids only, not evidence (Levi et al.  2013 ). 

 Explaining that the purpose of Rule 611 is to prevent surprise testimony, Delaney and 
McMahon ( 2000 ) recommended showing CGE to opposing counsel before the jury is 
allowed to see it. The rationale is twofold. First, a witness  may use demonstrative 
evidence  to convey an interpreted opinion. Rule 611 is held to a less stringent standard 
of demonstrative evidence accuracy  than Rule 1006 (Levi et al.  2013 ). However, the use 
of demonstrative evidence  by an expert witness  to convey an opinion could unduly 
infl uence a jury by being too persuasive or argumentative, but it would still meet Rule 
403 standards since there is no probative value. Therefore, the jury should receive 
instructions to listen to the testimony and regard the demonstrative evidence as an inter-
pretation that has not been subjected to the rigorous standards imposed by Rule 1006. 

 Second, a witness  should be subject to cross-examination. The “surprise” admis-
sion of demonstrative evidence  by a witness would not allow an opposing council 
suffi cient time to formulate questions for cross-examination. By showing the CGE 
to the opposing counsel prior to presenting it, any objections or issues can be 
resolved and avoided. One fi nal consideration more specifi c to animations  and 
simulations is the fact that they may run uninterrupted (imagine an animation with 
a long run time) while a witness is on the stand (Delaney and McMahon  2000 ). 
Obviously, uninterrupted animations/simulation could have implications on the 
ability to effectively cross-examine a witness, waste time, or lead to embarrassment 
if opposing counsel objects to asserted truths. When introducing demonstrative 
evidence  under Rule 611, it must be recognized that the court  (i.e., judge) has complete 
discretion. While some courts could be very liberal in the amount and types of 
demonstrative evidence, other courts could be very strict.  

2.2.3     Rules 702 and 703 

    Due to the complexity inherent in the nature of geospatial  technologies  and the 
evidence  they produce, it is probable that an expert witness  will be needed to explain 
and clarify spatial  evidence (Markowitz  2002 ). The issues of opinions and expert 
testimony  are governed by FRE  Rules 701–706. Rule 702 allows a qualifi ed expert 
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to testify in the form of an opinion if four criteria are met: (1) the expert’s scientifi c, 
technical, or other specialized knowledge will help the trier of fact to understand the 
evidence or to determine a fact in issue; (2) the testimony is based on suffi cient 
facts or data; (3) the testimony is the product of reliable principles and methods; and 
(4) the expert has reliably applied the principles and methods to the facts of the case. 
Furthermore, Rule 702 defi nes an “expert” witness  as a person having knowledge, 
skills, experience, training, or education qualifying the witness as an expert. Rule 
703 is the rule pertaining to the basis of an opinion testimony given by an expert. 
Amended in the 2011 FRE, Rule 703 now states that “an expert may base an opinion 
on facts or data in the case that the expert has been made aware of or personally 
observed.” Furthermore, Rule 703 clarifi es that “if experts in the particular fi eld 
would reasonably rely on those kinds of facts or data in forming an opinion on the 
subject, they need not be admissible  for the opinion to be admitted. But if the facts 
or data would otherwise be inadmissible, the proponent of the opinion may disclose 
them to the jury only if their probative value in helping the jury evaluate the opinion 
substantially outweighs their prejudicial effect.” 

 Rules 702 and 703 limit not only the testimony offered by experts but also 
evidence  offered through an expert witness  (Spencer  2006 ). In conjunction with 
Rule 402, judges serve as “gatekeepers” who apply Rules 702 and 703 to potential 
testimony to analyze the reliability  and relevance  of an expert witness  (Krouse et al. 
 2000 ; Crowsey  2002a ; NLECTC  2001 ). Although Rule 702 does not specify what 
constitutes “reliable principles and methods,” Rule 703 addresses the issue by clarifying 
the principles and methods should be reasonably relied upon within the experts’ 
particular fi eld (see also Sects.  2.3.1  and  2.3.2  Frye  Test and Daubert ). While Rule 
702 envisioned a relaxed test for admitting scientifi c, technical, or other specialized 
knowledge, the “gatekeeper” obligation of judges requires an assessment of the 
scientifi c validity of the reasoning or methodology underlying expert testimony  to 
ensure such reasoning or methodology can be properly applied to the facts at issue 
(NLECTC  2001 ; Krouse et al.  2000 ; Crowsey  2002a ; Pratt  2001 ). With respect to 
CGE, the implications of Rules 702 and 703 are that the qualifi cations and scientifi c 
background of an expert develop into a greater concern than the technology used 
to surmise facts or opinions (NLECTC  2001 ). In effect, new and complex method-
ologies require that an expert not just be a court -qualifi ed expert under Rule 702 but 
rather a true and recognized expert within the expert’s fi eld (Cohen  2008 ; NLECTC 
 2001 ). Based on his extensive experience as an expert witness, Cohen ( 2008 ) added 
that it is the background and experience of the expert witness that are often a decisive 
factor in determining the outcome of a case.  

2.2.4     Rules 802, 803, and 804 

 FRE  Rules 801 through 807 are concerned with hearsay . Defi ned by Rule 801, hearsay 
is secondhand information, provided out of court , by someone other than the person 
testifying in court, which is offered as evidence  to prove the truth of the matter 
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asserted (Cohen  2008 ; Dischinger and Wallace  2005 ). Generally, hearsay is not 
admissible  evidence (Rule 802) unless it can be categorized as an exception to the 
hearsay rule under Rule 803 or Rule 804 (Markowitz  2002 ; Dischinger and Wallace 
 2005 ). Rule 804 is primarily concerned with the admissibility  of hearsay evidence 
when a declarant (the person who made the statement) is unavailable for testimony 
(e.g., physically or mentally ill). There are six exceptions that allow hearsay to be 
presented in court under Rule 804 if the conditions of declarant unavailability set 
forth by Rule 804 are met. Rule 803 allows for 23 exceptions (exception 24 has been 
transferred to Rule 807) allowing hearsay to become admissible. 

 Percipient witness  (eyewitness) testimony, expert witness  testimony, and CGE 
are each subject to the rule against hearsay . A percipient witness is generally only 
allowed to provide fi rsthand knowledge of events without opinions or conjecture 
(Cohen  2008 ). However, exceptions to the hearsay rule are available to expert 
witnesses who may rely on scientifi c articles and other similar pieces of information 
not personally known to the expert (Cohen  2008 ). In conjunction with Rule 703, 
testimony presented by an expert witness may include hearsay if the basis of the 
testimony is reasonably relied upon by other members of the expert witness’s fi eld 
of expertise (Crowsey  2002a ). When offered in court  for the truth of what they 
assert, CGE, which includes digital spatial  data  and the products generated 
from them (e.g., maps and charts), is almost always considered to be out-of-court 
statements and therefore hearsay (Onsrud  1992 ; Dischinger and Wallace  2005 ). 
Flamm and Solomon ( 2004 ) provided a distinction between electronically stored 
computer data created by humans and data automatically generated by computers, 
such as the Internet  service provider (ISP) log-in or telephone call records. While 
the evidentiary concerns of automatic data generation by computers raise issues of 
authenticity  and proper functionality, the human-generated electronic data records 
raise concerns about false and inaccurate out-of-court statements and therefore are 
considered hearsay. Unless a declarant designed the computer, wrote the software, 
and generated, manipulated, and stored the computer-generated data end product, 
an exception to the hearsay rule is needed to qualify the CGE as admissible  for 
proving the truth of the matter asserted (Onsrud  1992 ). 

 Assuming CGE is deemed authentic  and reliable (based on the discretion of the 
judge), it may be admissible  under the business record or public record hearsay  
exception (Dischinger and Wallace  2005 ; Markowitz  2002 ). Rule 803(6) specifi es 
the criteria necessary to qualify business records as an exception to the hearsay 
rule and admissible in court .    Despite the hearsay nature of spatial  data , Rule 803 
(6) provides that it may be considered reliable and admissible when a qualifi ed 
witness  can testify it was gathered in a routine manner as part of ordinary everyday 
activities of a business, organization, occupation, or calling (Crowsey  2002a ). 
Furthermore, the data need to be made at or near the time in question by a person 
with knowledge of the system and not indicate a lack of trustworthiness from either 
the source of information or the methods or circumstances of preparation. The 
business record exception is most often applicable to the successful admission of 
CGE (Onsrud  1992 ). Rule 803(8) governs the criteria necessary to qualify public 
records as an exception to the hearsay rule. Public records are simply the records or 
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statements of a public offi ce. Similar to business records, public records should 
be properly kept and not indicate a lack of trustworthiness. When a copy of an 
electronic document submitted for admission comes from fi les collected and main-
tained by a public agency and the copy is certifi ed as a correct copy by an authorized 
person (e.g., custodian of the records), the copy is self-authenticating, and no extrinsic 
evidence  of authenticity  is needed (Onsrud  1992 ). In other words, if the electronic 
records can be shown to be those provided by a public agency, the records are 
considered admissible as CGE.  

2.2.5     Rules 901 and 902 

 The previous discussion pertaining to the admissibility  of business or public records 
stipulated that the data needed to be qualifi ed via testimony that the data records 
were in fact the purported records. Any evidence  submitted for admission must be 
identifi ed suffi ciently to satisfy the judge that the evidence is what it is claimed to 
be. The process of identifying an item of evidence as the purported item is known 
as authenticating evidence . According to Rule 901, “to satisfy the requirements of 
authenticating or identifying an item of evidence, the proponent must produce evidence 
suffi cient to support a fi nding that the item is what the proponent claims it is.” 

 A nonexclusive list of ten examples for authenticating evidence  is provided by 
Rule 901(b). Among the ten examples, fi ve are relevant to digital data  and CGE: 
(1) testimony by a witness  with knowledge, (2) comparison with an authenticated 
specimen by an expert witness  or the trier of fact, (3) distinctive characteristics, 
(4) evidence  about public records, and (5) evidence describing a process or system 
and showing that it produces an accurate result. Unless authenticity  is challenged, 
prima facie evidence (e.g., a declaration of accuracy  by a witness) is suffi cient for 
admission under Rule 901 (Barakat and Miller  2004 ). In other words, the threshold of 
authenticity is relatively low. The requirement is that the evidence could be authentic, 
not that the evidence is proven to be truly authentic. However, in the event authenticity 
is challenged, a proponent must be prepared to conclusively prove it is what is claimed. 
Rule 902 stipulates certain forms of evidence are self- authenticating. Twelve items are 
listed with provisions attached. Depending on their creation and publication, most of 
the 12 items could be relevant to paper maps (Markowitz  2002 ). Although CGE 
may be self-authenticating, CGE is much more likely to be challenged unless printouts 
are certifi ed as correct copies by a custodian of the records (Onsrud  1992 ). 

 Unless considered self-authenticating  by Rule 902, the extrinsic authentication 
standard of Rule 901 applies to all items introduced as evidence . Although spatial  
data  and CGE have unusual characteristics, authentication problems are similar 
to those encountered by any other computer records (Onsrud  1992 ; Flamm and 
Solomon  2004 ). One major challenge to authenticating evidence from digital data  is 
establishing accuracy  and reliability of results from the process or system producing 
the data. Proper authentication requires that reliability  of computer processes and 
accuracy of results be subject to scrutiny (State of Connecticut v. Alfred Swinton  2004 ). 
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 A particularly signifi cant issue involved in establishing accuracy  and reliability  
to support a fi nding that an item of evidence  is what the proponent claims it is 
involves establishing a chain of custody  (Pratt  2001 ). Whether evidence is physical 
or digital, establishing a chain of command is essential if tampering is alleged. 
While physical evidence  should be accompanied by a required chain of custody 
form that documents custody, control, transfers, analyses, or disposition of each 
item, digital data  may not have a chain of custody form. If the originality of evidence 
is questioned, each and every custodian may be required to testify to the integrity of 
the evidence during their possession if authentication  cannot be provided otherwise 
by Rule 901(b) (Cohen  2008 ). Although digital data is highly susceptible to tamper-
ing (e.g., alteration of digital photos ), another concern is errors generated during 
collection, storage/management, analyses, manipulation, or presentation. In order 
to establish a chain of custody for digital data, the proponent must show (1) the 
accuracy and reliability of the original source data to include all assumptions, 
formulas, and calculations used in defi ning and analyzing the data; (2) the accuracy 
of the source data entered into the computer; (3) the reliability and capability of the 
hardware and software used; (4) the process of software used for the computer 
graphics; (5) the methods used to produce the graphics in court ; and (6) the accuracy 
and reliability of the fi nal presentation (Crowsey  2002a ; Krouse et al.  2000 ; 
Dischinger and Wallace  2005 ). Crowsey ( 2002a ) recommended testimony by expert 
witnesses  who could reliably authenticate the accuracy and reliability of digital data 
to establish a chain of custody. 

 Citing three previous landmark cases, the Connecticut Supreme Court  (State of 
Connecticut v. Alfred Swinton  2004 ) established legal  precedent  for authenticating  
CGE (NDAA  2004 ). The court  opined that there must be “testimony by a person 
with some degree of computer expertise, who has suffi cient knowledge to be examined 
and cross-examined about the functioning of the computer.” Stating    that the salient 
issue was not only the reliability  of the evidence , but also the reliability of the 
procedures involved, the court decided that the opposing counsel must have the 
opportunity to cross-examine a witness  as to the methods used.    The court noted 
that reliability issues may arise through or in (1) the underlying information, (2) the 
entering of information into a computer, (3) the computer hardware, (4) the computer 
software, (5) the execution of instructions which transforms information, (6) the 
output, (7) the security system used to control access to the computer, and (8) the user 
errors which may arise at any stage. Addressing reliability of computers, the court 
adopted six factors to be used as guidelines for authenticating CGE evidence: 
(1) the computer equipment is accepted in the fi eld as standard and competent and 
was in good working order; (2) qualifi ed computer operators were employed; (3) proper 
procedures were followed in connection with the input and output of information; 
(4) a reliable software program was utilized; (5) the equipment was programmed 
and operated correctly; and (6) the exhibit is properly identifi ed as the output in 
question. Furthermore, the court opined there should be no distinction between 
various CGE. Animations  and simulations should be held to the same stringent 
standards of reliability despite claims that animations are illustrative in nature while 
simulations provide substantive evidence .  
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2.2.6     Rule 1006 

 The two potential avenues for admitting CGE derived from spatial  data  are as scientifi c 
evidence  under Rules 702 and 703 or as demonstrative evidence  under Rule 1006 
(Crowsey  2002a ; Krouse et al.  2000 ). Demonstrative evidence  used to clarify or 
illustrate complex information is allowed under Rule 1006. According to Rule 1006, 
summaries, charts, or calculations to prove the content of voluminous writings, 
recordings, or photographs that cannot be conveniently examined in court  can be used, 
provided the originals or duplicates are available for examination. Demonstrative 
evidence is essential for successful litigation since juries expect it and it appeals to 
the fi ve senses (Marks  2003 ). Although demonstrative evidence has no probative 
value and cannot be examined during jury deliberation, it is frequently and opportu-
nistically used as a persuasive aid in keeping a jury interested and focused on what 
is being presented during trial (Gonzalez  2009 ). 

 Demonstrative evidence  is subject to FRE  tests for admissibility  governed mainly 
by Rules 401–403 and 901 or 902. Accordingly, demonstrative evidence  must be 
relevant (Rule 401), admissible  (Rule 402), fair (Rule 403), and authenticated (Rule 
901) or self-authenticating  (Rule 902), regardless of whether or not it is CGE (Pratt 
 2001 ). Flamm and Solomon ( 2004 ) recommended pretrial disclosure of the intended 
use of demonstrative evidence to the courts  and opposing council to hasten proceedings 
with regard to evidentiary standards of relevance , fairness, admissibility, and authen-
tication. Crowsey ( 2003 ) constructed a pretrial disclosure checklist exclusive to 
geospatial  technologies  to avoid oversight as well to as identify potential weaknesses 
that would result in exclusion of exhibits. Conversely, Pratt ( 2001 ) discussed numerous 
potential reasons to object to the inclusion of demonstrative evidence in general, 
and CGE in specifi c, by an opposing council. Ultimately, the admissibility of demon-
strative evidence is left to the sound discretion of the trial judge (Spencer  2006 ).   

2.3     Additional Considerations 

 This section discusses additional evidentiary considerations that may apply to geospatial  
data . In practice, several legal  tests control admission of evidence  in the United 
States (Markowitz  2002 ). The FRE  have already been discussed as the rules of 
admissibility  adopted by the US Supreme Court  which apply to all federal courts  in 
order to ascertain the truth and secure a just determination from proceedings. 
Federal courts  must also adhere to the US Constitution, which is the supreme law 
within the United States. Following the rules set forth within the US Constitution 
also requires following constitutional  law, which are the interpretations defi ning the 
scope and application of the Constitution. An additional legal test of admissibility 
used by federal courts is known as the Daubert  standard . Unlike the FRE, which are 
a defi ned set of rules governing numerous topics, the Daubert standard is derived 
from a court case decided by the US Supreme Court in which Rule 104 was reviewed 
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to interpret Rule 702. Prior to the Daubert standard, the Frye  test  was used by 
federal courts. Many state courts  today still apply the Frye test as a means of testing 
the admissibility of evidence. 

 Furthermore, Cheng and Yoon ( 2005 ) cited research suggesting that in practice, 
Daubert  courts  essentially still perform what is considered a Frye  test . Since the 
Frye test was originally a federal test, it remains the basis of the Daubert standard , 
is still used by state courts , is prominent in the literature, and is applicable to spatial  
data . On these grounds, it must be recognized as an important consideration for 
further discussion. After reviewing the Frye test and Daubert standard, this section 
will discuss the pictorial testimony  and silent witness  theories which govern the 
admissibility  of digital photographs  and video. 

 At this point, it would be prudent to recognize the considerations discussed within 
this section are not the only additional considerations regarding the admissibility of 
evidence . There are many further considerations relevant to the admissibility of 
evidence . For example, the previous discussion of the FRE  already explained chain 
of custody  issues. While some additional considerations have already been discussed 
elsewhere, identifying and discussing all possible considerations are well beyond 
the scope of this chapter. 

2.3.1      Frye  Test 

 As science advanced, the legal  system  attempted to develop coherent tests that could 
be applied to scientifi c evidence  (Committee on Identifying the Needs of the 
Forensic Sciences Community  2009 ). The fi rst notable development occurred with 
a landmark decision in 1923 that ruled scientifi c evidence  needed to be “generally 
accepted.” Scientifi c evidence interpreted by a court  as “generally accepted” by a 
meaningful segment of the associated scientifi c community meets the requirements 
of the Frye  test  (Cheng and Yoon  2005 ). This standard comes from the case Frye 
v. United States. The Frye test applies to procedures, principles, or techniques that 
may be presented in the proceedings of a court case and is still the de jure standard 
in several states. 

 The Frye  test  emerged from a murder  appeal in which a lie detector was used. 
Expert witnesses  elaborated on scientifi c experiments which revealed an increase in 
blood pressure when someone lied, concealed facts, or was guilty of a crime . The 
proffered theory  was that the truth was a spontaneous event while a deception was 
an intentional event, which could be identifi ed through an increase in blood pressure. 
Although the court  conceded diffi culty in establishing when a scientifi c principal 
advances from the experimental stage to the demonstrable stage, it was ruled that 
scientifi c recognition and acceptance was necessary for the admissibility  of expert 
testimony  (Frye v. United States  1923 ). Simply stated, the court must determine if 
an expert’s testimony is based on recognized and accepted science. The acceptance 
of science within the associated community, also known as the scientifi c validity, 
emerged as a legal  test referred to as the Frye test. Despite the modern signifi cance, 

G. Roedl et al.



33

the Frye case went unnoticed for decades (Faigman et al.  2006 ). No other court 
cases cited Frye, and no law review articles discussed Frye until the 1970s and the 
release of the fi rst version of the FRE . 

 It should be noted that the Frye  test  specifi cally addressed the underlying principles 
and methods used by experts to form an opinion. Courts  and commentators found 
the general acceptance test to have signifi cant limitations, particularly the vagueness 
of its conditions (see Faigman et al.  2006  for criticisms of Frye). The underlying 
methods were required to be scientifi cally valid; however, the Frye test did not 
require the opinion of the expert to be generally accepted by the scientifi c community 
(Committee on Identifying the Needs of the Forensic Sciences Community  2009 ). 
The issue of whether or not an expert opinion  needed to be generally accepted 
within the expert’s fi eld was later decided in Berry v. CSX Transportation, Inc. 
( 1998 ) when the court ruled that as long as the opinion was based on scientifi c validity, 
it was not necessary for the opinion to be generally accepted.  

2.3.2      Daubert  

 After the FRE  were fi rst enacted in 1975, many people wondered whether or not the 
Frye  test  had become obsolete (NLECTC  2001 ). The fi rst version of Rule 702 
provided that the mere “assistance” to the trier of fact appeared as the touchstone of 
admissibility . Litigants, judges, and scholars were uncertain if Rule 702 embraced 
the Frye test or established a new standard (Committee on Identifying the Needs of 
Forensic Sciences Community  2009 ). The Supreme Court  ruling in the case of 
Daubert  v. Merrell Dow Pharmaceuticals, Inc. ( 1992 ) clarifi ed the ambiguity between 
Rule 702 and the Frye test by adopting a new framework for evaluating the reliability 
of scientifi c evidence  (Committee on Identifying the Needs of the Forensic Sciences 
Community  2009 ; NLECTC  2001 ; Cheng and Yoon  2005 ). 

 In Daubert , the Supreme Court  held that Rule 702, not the Frye  test , controlled 
the admission of expert testimony  in federal courts . Noting Rule 702 made no mention 
of the Frye test, the Daubert court  ruling provided judges with guidance in a newly 
established role of “gatekeepers” of scientifi c evidence  (NLECTC  2001 ; Committee 
on Identifying the Needs of the Forensic Sciences Community  2009 ). The Daubert 
standard  set forth that “any and all scientifi c testimony or evidence  admitted is not 
only relevant, but reliable” (Daubert v. Merrell Dow Pharmaceuticals, Inc.  1992 ). 
This “gatekeeper” approach had judges analyzing the relevance  and reliability  of 
potential testimony (NLECTC  2001 ). While relevance was determined from Rule 
104(b), reliability was to be based on four considerations interpreted in the context 
of each case: (1) falsifi ability, (2) peer review, (3) error rates, and (4) acceptability 
in the relevant scientifi c community (Cheng and Yoon  2005 ; NLECTC  2001 ; Farber 
 2008 ). The falsifi ability consideration allowed judges to consider whether a theory  
or technique could be, or had been, tested. The peer review consideration allowed 
judges to examine whether a theory or technique was subjected to peer review and 
publication. Error rates considered the known or potential rate of error of a particular 
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scientifi c technique, while considerations of acceptability examined whether the 
theory or technique had gained general acceptance in the relevant scientifi c discipline. 

 Essentially, the Daubert  ruling required expert testimony  pertain to “scientifi c 
knowledge” to establish a standard of “evidentiary reliability ” (Committee on 
Identifying the Needs of the Forensic Sciences Community  2009 ). More importantly, 
judges gained a new role as “gatekeepers” and were provided with guidance for 
performing a preliminary assessment of whether the methodology or reason 
underlying testimony was scientifi cally valid and whether that methodology or 
reasoning could properly be applied to the facts at issue (NLECTC  2001 ; Cheng 
and Yoon  2005 ). As Faigman et al. ( 2006 ) noted, the specifi c responsibility of judges 
to evaluate scientifi c validity obligated them to become much more familiar with the 
methods and culture of science that they had been insulated from during the scientifi c 
revolution. Indeed, the process of admitting or denying expert opinion  meant judges 
needed to adequately demonstrate, on record, that they performed their role as 
“gatekeeper” by demonstrating a suffi cient appreciation of the scientifi c method. 

 Since Daubert , the Supreme Court  has broadened and strengthened the gatekeeping 
role of the trial judge (Cheng and Yoon  2005 ). In 2000, FRE  Rule 702 was amended 
in response to Daubert and two related cases that collectively became known as 
the Daubert trilogy . The Daubert trilogy refers to three Supreme Court  cases that 
articulated the Daubert standard . In addition to Daubert v. Merrell Dow, the cases of 
General Electric Co. v. Joiner ( 1997 ) and Kumho Tire Co. v. Carmichael ( 1999 ) set 
new precedent leading to the amending of Rule 702. GE v. Joiner reaffi rmed the role 
of a trial judge as “gatekeeper” in determining whether an expert’s opinion was 
both relevant and reliable. The district court  determined expert testimony  linking 
polychlorinated biphenyls (PCBs) to cancer was too speculative since it was not 
based on a single study, but rather on several dissimilar studies. Due to the analytical 
gap between the data and proffered opinion, the Supreme Court ruled the district 
court did not abuse its discretion and was fully capable of deciding whether to admit 
or dismiss causal evidence . Kumho Tire v. Carmichael involved a case relying upon 
an expert who was not a scientist. The matter before the Supreme Court was to 
decide how Daubert applied to testimony by engineers and other experts who were 
not scientists. It was ruled that the Daubert standard was fl exible and therefore 
extended a judges “gatekeeping” obligation to testimony based on “technical” and 
“other specialized knowledge.” 

 Based on the Daubert  standard  and the requirements for admissibility  under the 
FRE , the introduction of geospatial  technologies  and the derived spatial  data  will 
most likely need to be elucidated via expert testimony  (Dischinger and Wallace 
 2005 ; Markowitz  2002 ). The 2009 US Supreme Court  ruling in Melendez-Diaz 
v. Massachusetts ( 2009 ) currently requires forensic scientists to testify under the 
confrontational clause if a defendant objects to the admission of evidence  without 
the forensic scientist available for live testimony. The premise of the confrontational 
clause is that a defendant has the right to face an accuser under the Sixth Amendment. 
The Supreme Court  opined reports and affi davits were insuffi cient for admission by 
prosecutors without an expert witness  available during trial for cross-examination. 
Although the ruling did not extend beyond forensic experts, it also did not defi ne a 
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forensic expert or explicitly limit live testimony requirements to forensic experts. 
As a result, substantive evidence  should always be accompanied by an expert 
witness  subject to Rule 702 and the Daubert standard (Pratt  2001 ). Although testifying 
as an expert witness may seem daunting, several helpful documents are available. 
Cohen ( 2008 ) provided a thorough description of expectations and requirements 
applicable to any expert witness. Wells ( 2012 ) provided tips and resources for 
forensic science experts pursuant to Melendez-Diaz v. Massachusetts. Additionally, 
Dischinger and Wallace ( 2005 ) discussed the qualifi cations and the capacity of GIS  
experts to testify.  

2.3.3     “Pictorial Testimony ” and “Silent Witness ” Theories 

 Photographs constitute one of the most common types of evidence  in court  (Pratt 
 2001 ); however, the admissibility  and reliability  of digital photographs  have often 
been challenged. (Barakat and Miller  2004 ). Initially, the quality of digital photos 
was an issue due to the inferior quality compared with traditional photographs. Over 
time, the quality improved and the focus has shifted to the potential for manipula-
tion. Rule 901 provides that evidence must be authenticated as a true and accurate 
representation through one of the means listed in Rule 901(b). The most common 
means for authenticating  a digital photograph is through the testimony of a witness . 
This witness testimony is referred to as the “pictorial testimony ” theory  (Barakat 
and Miller  2004 ). If a judge is suffi ciently satisfi ed that the photograph is relevant 
to the case and a fair and accurate representation of what is claimed by the witness 
testimony, then it is admissible  under the pictorial testimony theory. Once admitted 
into evidence, it is then up to the opposing counsel to challenge the authenticity  and 
expose any alterations during witness cross-examination (Barakat and Miller  2004 ). 

 In some circumstances, digital photographs  have no witness  to testify as to the 
accuracy . For example, digital photographs and video captured by surveillance  
devices, such as CCTV, are often useful for capturing an offense being committed. 
Without the testimony of a witness during trial, there is no way to cross-examine a 
witness and challenge the contents’ accuracy. However, since the digital photograph 
or video may be relevant or even critical, courts  have ascribed to the “silent witness ” 
theory  which allows the digital photograph or video to “speak for itself” (Barakat 
and Miller  2004 ). Under the “silent witness” theory, proof of surrounding circumstances 
is considered suffi cient to fi nd the photographic evidence  a fair and accurate repre-
sentation of fact. Unlike the “pictorial testimony ” theory, the “silent witness” theory 
considers several factors to determine reliability  and accuracy. These factors include 
(1) evidence  establishing the date and time of the photographic evidence; (2) any 
evidence of tampering or editing; (3) accuracy and reliability of the photographic 
evidence as it relates to the operational condition and capability of the equipment; 
(4) procedures employed in preparing, testing, operating, and securing the photo-
graphic evidence; and (5) testimony identifying the relevant participants captured in 
the photographic evidence (Barakat and Miller  2004 ). Recognizing the necessity of 
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imposing adequate safeguards against manipulation and tampering, the courts impose 
a burden upon the offering party of the photographic evidence to prove authenticity  
above and beyond the requirements of the “pictorial testimony” theory. 

 Digital photographic evidence  may be admitted as either demonstrative evidence , 
pursuant to the “pictorial testimony ” theory , or as substantive evidence  pursuant to 
the “silent witness ” theory (Pratt  2001 ). Manipulations and alterations of digital 
photograph ic evidence  represent a major concern, especially when there is no witness  
to testify about the authenticity . Barakat and Miller ( 2004 ) warn that digital 
photographic evidence will be subject to signifi cant cross-examination, particularly 
in regard to chain of custody  issues. Once the digital photographic evidence is 
collected, it should be documented carefully and all changes logged to support 
authenticity of the digital evidence. The proffering party should be prepared to 
prove the digital photographic evidence is unedited. In the case of image enhancements, 
each step must be documented and repeatable from a copy of the original.   

2.4     Summary 

 In today’s society, computer technology is used not only to commit crimes but also 
in litigation (Pratt  2001 ). From the most basic use (e.g., drafting a motion) to more 
advanced uses (e.g., producing digital photographs  and maps) through the most 
sophisticated uses (e.g., creating animations , simulations, and virtual reality ), it is 
rare to discover a case that does not involve the use of computers. While remaining 
cautious about the trustworthiness and reliability  of CGE, judges at all levels of the 
judicial hierarchy have demonstrated an increased comfort level with CGE use 
(Flamm and Solomon  2004 ). However, it is clear from a pragmatic legal  perspective 
that CGE differs immensely from traditional paper documents (Onsrud  1992 ). It is 
also clear, at least for now, there are no special rules governing the use and admis-
sibility  of CGE  in court  (Pratt  2001 ). The most recent revision to the FRE  makes 
only two references to computer data: Rules 901(b)(9) and 1001(3). As this chapter 
has pointed out, the FRE have proven fl exible enough to cover the use and admission 
of CGE in the same manner as they would use traditional paper exhibits. Referring 
specifi cally to geospatial  technologies , Foote and Lynch ( 2000 ) acknowledge that if 
GIS  could not be used to prove legal cases, it would lose much of its value to 
the forensics system. This chapter has also identifi ed several issues which have 
complicated the admissibility of CGE (e.g., authenticity ) and the FRE requirements 
(e.g., relevance  and reliability) and tests (e.g., Daubert  trilogy ) necessary to satisfy 
a judge that any CGE evidence  is what it is claimed to be. However, the combinations 
of rules and tests have thus far helped to establish a more precise test for scientifi c 
testimony that does not focus so much on technology as it does the qualifi cation and 
background of an expert witness  (NLECTC  2001 ). 

 The goal of this chapter has been to provide a source of generalized information 
that can be used as a guide for a more thorough examination of specifi c issues 
related to admissibility  of geospatial  technologies . Most of the information has been 

G. Roedl et al.



37

collected from scholarly articles from diverse journals and disciplines. Scholars and 
practitioners are only now beginning to publish books about the legal  aspects of 
spatial  data  and technologies. For a further in-depth discussion on the admissibility 
of scientifi c evidence , see Faigman et al. (Faigman et al.  2006 ). Cho ( 2005 ,  2012 ) 
has provided comprehensive information specifi c to GIS  legal issues, while Janssen 
and Crompvoets ( 2012 ) addressed geographic data . Additionally, Ito ( 2011 ) exclusively 
discussed the legal issues of satellite  remote sensing .     
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    Abstract     In this chapter, various technologies that permit law enforcement  
 agencies  to track people and objects through time and space  are discussed. Innovative 
applications of spatial  technologies  have been adopted by law enforcement agencies 
to reduce crime , apprehend offenders , and keep offi cers  safe. A brief review of each 
technology is given followed by examples in which the technologies have been 
 successfully utilized. Specifi cally, this chapter examines the following: (1) Global 
Positioning Systems , (2) cellular phone tracking, (3) unmanned aerial vehicles , 
(4) automated license plate recognition technology, and (5) radio frequency identifi -
cation  technology.  

  Keywords     Tracking technologies    •   Global Positioning System  (GPS)   •   Unmanned 
aerial vehicles (UAV)   •   Drones    •   License plate readers   •   Radio frequency identifi ca-
tion  (RFID)  

3.1         Introduction 

 Tracking technologies  are used to locate people, vehicles, and other assets (Pease 
 2005 ), a process also known as geolocation. Recent technological advances enable 
a precise and real-time location to be determined. Tracking technologies are often 
used by consumers for navigation and to assist in tracking family members (e.g., 
children who wander off). The potential applications of tracking technologies are 
limitless (Edmundson  2005 ). The data collected from tracking technologies are 
capable of generating a precise and comprehensive record of an individual’s move-
ments that refl ect detailed information pertaining to possible political, professional, 
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familial, religious , and sexual associations (Fulton  2013 ). Although locational 
information is valuable to third parties, such as marketers and businesses, it is 
invaluable to law enforcement  agencies . As the capabilities and accessibility of 
location tracking technologies have increased, so has the ability of law enforcement 
agencies to utilize the technologies in routine investigations . The prevalence of GPS  
in vehicles, cell phones , and other handheld devices has given law enforcement 
authorities a powerful tool for tracking suspects (Stacy  2008a ,  b ). 

 More recent innovations in spatial  tracking  have further extended the potential 
for law enforcement  agencies  to more easily apprehend offenders  and deter crime  
while keeping offi cers  safe. Unmanned aerial vehicles have provided increased 
situational awareness during dangerous operations. Automated license plate read-
ers  and radio frequency identifi cation  technology have emerged as vital tools for 
the recovery of stolen items. Each technology has its own advantages and disad-
vantages; however, the combination of technologies provides law enforcement 
agencies with a powerful set of tools in which the potential is only now beginning 
to be realized.  

3.2     Global Positioning System  

 A Global Positioning System , or GPS, is available to the general public through 
handheld and vehicle navigation devices. Developed by the United States military, 
GPS devices  entered the consumer market in the 1990s (Stacy  2008a ,  b ). GPS 
devices are currently available in a variety of sizes and shapes, capable of centimeter 
accuracy  (Edmundson  2005 ). Reliable GPS data  tracks people and objects in both 
space  and time (Ball  2008 ). Throughout the world, GPS and its counterparts are 
being used more than ever (Moenssens  2006 ). Not surprisingly, as the general pub-
lic has realized the benefi ts of GPS, so too has law enforcement  (Dowdell  2005 ). 
Prior to the advent of GPS tracking  technology, law enforcement agencies  needed 
to invest an enormous amount of time and resources in an effort to track and collect 
detailed information on location and movement patterns of individuals, often serv-
ing to deter against individual tracking practices (Fulton  2013 ). The increased avail-
ability of personal tracking and monitoring technology has greatly enhanced the 
ability of law enforcement agencies to accurately monitor individual actions (Ganz 
 2005 ; Werbach  2007 ). GPS-based surveillance  systems provide law enforcement 
agencies with an inexpensive means of easily gathering intelligence and evidence  
electronically and surreptitiously (Ganz  2005 ; Moenssens  2006 ). 

 Law enforcement  agencies  have used GPS  in a variety of situations, including 
the following: (1) murder  investigations , (2) drug  investigations, (3) robbery  inves-
tigations, (4) public corruption, (5) parole violations, (6) hostage situations (Ganz 
 2005 ), (7) sting operations, and (8) remote surveillance  (Dowdell  2005 ). Despite the 
successful applications of GPS evidence , the technology is prone to problems. In 
the high-profi le investigation of the murder of Stacy Peterson, a GPS attached to the 
vehicle of husband and suspect Drew Peterson showed him traveling at speeds of 
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38,000 miles per hour, while a second GPS attached to the vehicle of his missing 
wife’s car did not work during a 3-week period (Ganz  2005 ). 

 In many cases, locational information is obtained from GPS  units  possessed by 
a suspect. Stacy ( 2008a ,  b ) lists several instances in which GPS was used as evi-
dence  to assist in providing evidence to law enforcement  agencies  and prosecutors 
by contradicting a defendant’s alibis. Using a suspect’s own vehicle navigation 
GPS device to establish location and time, prosecutors obtained a conviction in 
the murder  of the suspect’s parents and sister in 2005. The forensic value of vehi-
cle navigation GPS devices  also served a critical role in a Montana rape case that 
showed the suspect traveled through town looking for a victim . In Pennsylvania, 
GPS records showed a suspect parked near his home prior to committing arson  on 
his own home. 

 In other cases, law enforcement  agencies  attached a GPS  to the personal 
belongings of a suspect in an effort to track movement. Ganz ( 2005 ) summarized 
criminal investigations  reliant on GPS tracking  initiated by law enforcement. In 
an investigation  of a suspected murderer in Washington, police  placed a GPS 
tracking device on the vehicle of the suspect. After analyzing the track log, inves-
tigators  were able to locate the buried remains of the victim  at one of the stops the 
suspect made. In another investigation, a GPS unit was attached to a dog that 
repeatedly brought home the remains of a human skeleton. Investigators were able 
to locate and recover the remains after tracking the movement of the dog. In an 
investigation of public corruption, tracking devices  were placed on police patrol 
vehicles after numerous reports of offi cers  loitering in parking lots. Offi cers were 
subsequently barred from working in law enforcement after fi ling false patrol 
reports in which they reported patrolling activities contrary to the collected GPS 
data . In another internal affairs investigation, a GPS was attached to the vehicle of 
an offi cer to determine where he lived because there was a local law requirement 
for offi cers to live within the city limits. GPS was also cited as instrumental in two 
robbery  investigations and a parole violation investigation after law enforcement 
agencies were able to track and locate suspects. 

 The versatility and effectiveness of GPS  tracking  has enabled law enforcement  
agencies  to become increasingly innovative in applications (Mackey  2011 ). 
According to a “News Brief” article in Geography and Public Safety ( 2012 ), patrol 
offi cers  keep track of specifi c locations where suspects dispose of evidence  while 
being pursued. The “geo-tagging” of evidence assists in recovering small items that 
are traditionally diffi cult to fi nd after a long chase over a large geographic area. GPS 
technology  has also been used by university  law enforcement agencies in innovative 
ways (Bowman  2011 ). At the University of California, Santa Barbara, and the 
University of Wisconsin-Madison, police  equipped bicycles with GPS units  to deter 
and apprehend bicycle thieves. National Guard personnel also routinely use advanced 
GPS equipment (NLECTC  2004 ). With the aid of a personal digital assistant (PDA) 
and laser range-fi nder binoculars, National Guard personnel aboard helicopters are 
capable of pinpointing the exact location of marijuana  fi elds in remote areas, enabling 
eradication teams to return and destroy the fi elds. The coordinates are additionally 
saved to a database for reporting and analysis. 
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 Perhaps the most common and proliferate use of GPS  tracking  is associated 
with monitoring sex offender  parolees. Although state laws vary (e.g., based on 
specifi c offense or age of victim ), many states mandate continuous and lifelong 
tracking of convicted sex offender  parolees by using GPS anklets . In general, sex 
offender parolees are prohibited from traveling within specifi c distances of cer-
tain areas (e.g., where children play) and are not allowed to have contact with 
certain people (e.g., victims) (Mielke  2009 ). Additionally, many states also mon-
itor parolees convicted of other offenses. For example, California has attached 
GPS anklets to gang members (Wilkinson  2010 ), and Massachusetts allows 
courts  to impose GPS tracking of stalkers and domestic abusers who violate 
restraining orders (Hinson  2008 ). As of 2009, twelve additional states used GPS 
anklets to monitor domestic abusers (Green  2009 ). 

 In an effort to actively enforce exclusion zone and time restrictions, events may 
be closely monitored for potential violations made apparent through GPS  anklets . 
In California, for example, summertime events such as the California State Fair 
monitor sex offenders  to track their proximity to fair grounds, and gang members 
who are restricted to entering the fair only during certain times are monitored to 
ensure compliance with designated hours (Wilkinson  2010 ). Data collected from 
GPS anklets not only allow parole agents to monitor violations but are also used by 
law enforcement  agencies  to investigate  offenses that may occur in a spatial  and 
temporal  proximity  to the parolee. Preston ( 2009 ) reported an example of how the 
spatiotemporal analysis  of GPS data  helped absolve a suspect. After an 11-year-old 
boy disappeared from his Florida home for 5 days, his mother used a website listing 
the geographic locations of registered sex offenders  to locate a sex offender who 
lived in the vicinity of her son. After reporting the disappearance of her son and the 
name and location of the sex offender to law enforcement offi cials , a review of the 
GPS data established that the suspect was never in the vicinity of the boy.  

3.3     Cellular Phones 

 In 2005, the FCC mandated that all cell phones  be capable of extremely precise 
geolocation by 2012 to support emergency calls (Ball  2008 ). In an effort to meet 
FCC mandates, GPS  technology  has been integrated into cell phones (Barnes and 
Williamson  2009 ; Werbach  2007 ). The purpose of the FCC mandate was to enable 
emergency responders to determine a 911 caller’s location in order to assist the 
caller during an emergency (Edmundson  2005 ). Similar to GPS units , cell phones 
acquire and store positional and temporal  data. Unlike most GPS units, locational 
cell phone data is transmitted to a network (Ball  2008 ), allowing the data to become 
available without physical possession of the cell phone. 

 Cell phone tracking  has also experienced a great deal of use for investigating and 
solving crime . Schmitz et al. ( 2013 ) provided four case examples utilizing cell 
phone  records to track and monitor suspects to create a storyboard of activity. 
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The storyboards Schmitz created for trial helped the court  in understanding events 
surrounding the crimes and aided in the convictions of the accused offenders . 
Schmitz credited cell phone tracking as a neutral tool for investigations  which can 
provide valuable data leading to a conviction while also excluding innocent sus-
pects. With limited resources available for investigations, the ability to exclude pos-
sible suspects permits investigators  to optimize their time and resources in pursuit 
of the guilty party. 

 Similarly to GPS  devices  discussed previously, GPS-enabled cell phones  have 
aided law enforcement  agencies  in numerous ways. Barnes and Williamson ( 2009 ) 
reported the safe recovery of a 9-year-old girl who was allegedly kidnapped by her 
grandmother. Massachusetts police  offi cers  were able to track the girl’s cell phone 
to a motel several hundred miles away, where the grandmother was apprehended by 
Virginia State Police . In a separate case reported by Stacy ( 2008a ,  b ), law enforce-
ment offi cers  tracked the missing phone of a homicide  victim . The phone, along 
with the victim’s purse, was recovered in the trash at the residence of the offender. 
Cell phone tracking  has also been used proactively to reduce crime . According to 
Napier ( 2013 ), the Dayton Police Department  has placed cell phones in vehicles in 
an effort to catch thieves breaking into vehicles. The theft  of the phone automati-
cally communicates the detection of movement to law enforcement offi cers, who 
are then able to track the movement of the phone and suspect. Utilizing the camera 
abilities of the phone, photographs are also taken automatically, providing prosecu-
tors with the date and time of the theft, the movement of the bait phone, and photo-
graphic evidence  of the suspect. 

 Despite the increasing use of cell phone  tracking  by law enforcement  agencies , 
personal surveillance  by the aggregation of the billions of individual cell phone 
users exceeds the efforts of offi cials (Werbach  2007 ). In an increasing number of 
cases, individuals are collecting data about what others are doing and where they 
are doing it. In effect, the watched have become watchers empowered by cell phone 
 technology. The “smartphones” currently in use enable individuals to activate 
cell phone carrier location-based tracking options or install third-party tracking applica-
tions (e.g., Google  Latitude) that incorporate and exploit the built-in GPS  abilities, 
automatically sharing locational information with other cell phone users. Additionally, 
easy-to-use spyware software is widely available, enabling a third party to surrepti-
tiously install tracking software on someone else’s phone. Whether monitoring the 
location of family members or following the movements of friends through space  
and time, cell phone tracking by individuals has become a common occurrence. 
However, cell phone tracking has also provided a means for stalking. Southworth 
et al. ( 2005 ) published a report describing the increased use of technology to assist 
in intimate partner stalking. Uhler and Keefe ( 2010 ) reported on the ability of abu-
sive husbands locate women’s shelter after tracking their partner’s cell phone to the 
secret locations. On rare but increasingly frequent occasions, the tracking of spou-
sal cell phones has resulted in tragedy. Uhler and Keefe further described two 
incidents of murder -suicide committed after estranged husbands tracked their 
wives’ cell phones.  
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3.4     Unmanned Aerial Vehicles (UAV) 

 The domestic use of unmanned aerial vehicles  (UAV), also known as unmanned 
aircraft systems (UAS) and drones, has emerged as a recent controversial issue, 
unrivaled in effectiveness by any other police  tactic (Clark  2013b ,  c ). While public 
perception often associates drones with weapon of war used extensively during 
operations in Iraq and Afghanistan, the greatest concern is for individual privacy  
(Wood  2013 ). A poll conducted by Monmouth University Polling Institute revealed 
60 % of American citizens expressed serious concern about their personal privacy 
if law enforcement  agencies  began using unmanned drones (Clark  2013c ). 
Equipped with surveillance  video and infrared cameras, a major concern is how the 
video collected from drones will be collected and stored. However, when used 
responsibly, drones have the potential to make the public safer. Law enforcement 
could utilize drones to keep offi cers  and civilians safe and provide increased situ-
ational awareness during dangerous operations, such as drug  busts or hostage situ-
ations (Wood  2013 ). Citing    the worldwide recognition of drones as a valuable 
policing  tool, Crouch and Hunt ( 2013 ) discussed the signifi cant advantages over 
traditional methods employing fi xed-wing aircraft during incidents and operations. 
Among the advantages, drones are more cost-effective, less dangerous, and rapidly 
deployable. 

 Even as many states are debating bills to curtail and prohibit drone use (Clark 
 2013c ), privacy  advocates and the public have acknowledged the usefulness of 
drones  following two high-profi le events. Subsequent to the bombing incident at 
the 2013 Boston Marathon, discussions of domestic drone use emerged as poten-
tial surveillance  techniques for public events (Clark  2013a ). Although privacy 
advocates and the public favored the use of drones in manhunt cases and for 
crime  scene  documentation to search for evidence , the constant surveillance use 
of drones during public events was debated. Despite the discomfort with drone 
use for monitoring public events, the use of drones by the Federal Bureau of 
Investigation (FBI) to monitoring a hostage situation in Alabama in 2013 received 
little criticism (Clark  2013c ).  

3.5     Automated License Plate Readers 

 One of the most widespread, yet least known location tracking technologies  is 
automated license plate readers  (Crump  2013 ). Capable of populating a massive 
database with the locations of millions of vehicles over extensive time periods, 
license plate readers have emerged as extremely powerful tracking tools. Commonly 
deployed by law enforcement  agencies  to aid in the recovery of stolen cars and 
license plates, locate wanted felons, monitor for “Amber Alerts,” aid vehicle and 
traffi c enforcement, and assist general investigations , automated license plate read-
ers (commonly referred to as an ALPR in the United States) have become an 
increasingly widespread surveillance  and intelligence tool blanketing streets and 
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highways across the country (Roberts and Casanova  2012 ). ALPRs are often 
mounted in parking lots, including all airport parking lots following September 11, 
2001 (Benzel  2012 ). 

 According to a 2012 report by the Police  Executive Research Forum ( 2012 ), 
approximately 70 % of all law enforcement  agencies  utilize ALPRs. Mounted on 
patrol vehicles and on structures at fi xed locations, an ALPR uses high-speed cam-
eras to capture license plate numbers, date/time, and GPS  location of every 
recorded vehicle (Roberts and Casanova  2012 ). Data captured from vehicles is 
processed instantaneously, immediately alerting law enforcement of potential 
matches with wanted vehicles in law enforcement databases. The process of scan-
ning, recording, processing, matching, and alerting is done automatically (Benzel 
 2012 ). Conversely, the databases created from ALPR records can be queried by law 
enforcement agencies to generate a list of times and locations specifi c vehicles 
were previously captured on camera. 

 The deployment of ALPR technology can signifi cantly reduce vehicle theft  
(Ferraresi  2008 ). Citing a New York Police  spokesman, Baker ( 2011 ) reported 
vehicle theft  statistics which showed signifi cant decreases in reported thefts and 
signifi cant increases in arrests and vehicle recovery. Serving the majority of sub-
urban New Orleans, LA, the Jefferson Parish Sherriff’s Offi ce had an average 
recovery rate of three to four stolen vehicles per month. After deploying fi xed and 
mobile ALPR throughout the Parish, an immediate and noticeable increase was 
observed, with a recovery of 23 stolen vehicles in less than a month (Hunter 
 2008 ). The Philadelphia Police Department  experienced similar results with the 
recovery of 50 stolen vehicles in a single month after deploying ALPR (Steele 
 2012 ). Recovering 76 stolen vehicles in 2011, law enforcement  agencies  in 
Colorado Springs were also able to make 129 felony arrests, including a suspect 
accused of abduction and strangulation who was found within hours of stealing 
his victim ’s car. Additionally, ALPR automatically identifi ed 14,745 other crimes 
(Benzel  2012 ). The Gwinnett County Sherriff Department in Georgia has also 
benefi ted from the use of ALPR. In one incident, a stolen license plate identifi ed 
through an ALPR match resulted in the arrest of a convicted felon who was found 
with nine weapons and over 1,200 rounds of ammunition (Morris  2009 ). Deputies 
also routinely patrol public parks, monitoring compliance of paroled sex offend-
ers  prohibited from areas frequented by children.  

3.6     Radio Frequency Identifi cation  

 Radio frequency identifi cation  (RFID) technology is an enabling technology for 
automatic identifi cation based on radio waves (Lieshout et al.  2007 ). RFID is the 
generic term for technologies using radio waves to automatically detect people or 
objects. Although the RFID market is only beginning to develop, widespread adop-
tion of RFID is already a reality (Mackey  2011 ). Many people already possess 
RFID-tagged  items or are familiar with them. Automatic tollbooth transponders are 
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equipped with RFID as well as many newer credit (e.g., contactless touch-and-go 
cards) and identifi cation cards (e.g., E-passport) and vehicle anti-theft  tracking 
devices  (e.g., LoJack®). An increasingly common practice among pet owners is to 
embed RFID microchips into their pet to aid in recovery in the event the pet becomes 
lost. Additionally, merchants commonly use RFID to monitor inventory and prevent 
theft (Clarke and Petrossian  2013 ). As RFID become more ubiquitous in society, the 
potential to utilize captured data for investigation  and prosecution will likely 
increase as well. 

 An RFID  system consists of an antenna and a microchip which is collectively 
termed an RFID “tag.” There are two types of RFID tags : active and passive (Hunt et al. 
 2007 ; Lieshout et al.  2007 ; Mackey  2011 ). Active tags contain their own internal 
power source, while passive tags rely upon an external source of power to function. 
In general, active tags utilize batteries to boost transmission range and increase 
available memory or data logging abilities. Each RFID tag contains a unique iden-
tifi cation chip, allowing individual items to be tagged and tracked when the data is 
transmitted through the antenna. An RFID reader is used to detect the tiny RFID 
tags which can be embedded into an endless range of products (Mackey  2011 ). The 
RFID reader can identify the specifi c tagged item, as well as when and where the 
read was made, and automatically add the information to a database. Although 
active tags generally have a longer read range (up to 300 ft), many factors affect 
read range, including the radio frequency used and interference from outside 
sources. For a complete discussion of RFID technologies , see the RFID guides by 
Hunt et al. ( 2007 ) or Lieshout et al. ( 2007 ). 

 The adoption of RFID -enabled technology by US law enforcement  agencies  has 
been slow (Hunt et al.  2007 ). Applications of RFID technologies  can be categorized 
into three dimensions: improving effi ciency, promoting offi cer  safety , and 
as a crime -fi ghting tool. In addition to being much smaller and therefore more 
concealable, RFID tags  offer two less obvious, though still considerable, advan-
tages over other GPS - or cell phone -based tracking devices  (Edmunds Inc.  2008 ). 
First, RFID does not require a clear line of sight to satellites  in order to determine a 
position. This is signifi cant for tracking within buildings and other features that 
block satellite views. Second, RFID is unaffected by cellular “dead spots,” areas 
with poor cellular reception or completely without cellular service. Areas that may 
experience cellular dead spots include, for example, interior spaces of large buildings, 
low- lying valleys, and rural areas. Lieshout et al. ( 2007 ) discussed further 
advantages of RFID over barcodes, a complimentary technology, including the 
following six points: tags can be read rapidly in bulk to provide a simultaneous 
reading of all items in a particular location; RFID tags are more heat and chemical 
resistant; RFID tags are able to store more data; data on RFID chips can be changed; 
RFID can be located inside items; and RFID tags do not require human intervention 
for data transmission. 

 One area of effi ciency that has benefi ted from RFID  technology has been evi-
dence  tagging. In addition to tracking evidence, RFID can also be used to track 
paper fi les (Wethal  2009 ). The judicial system has strict requirements pertaining to 
the tracking and accountability of evidence from initial seizure to introduction at 
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trial (Hunt et al.  2007 ). Successful introduction of credible evidence in court  is 
dependent upon the police  knowing exactly where it has been at all times within the 
chain of custody  (see    Sect.   2.2.5     for a discussion of chain of custody). Baber et al. 
( 2005 ) demonstrated through experimentation that RFID tagging of evidence was 
faster and more effi cient for crime  scene  investigators  to catalog and track evidence 
than traditional paper-based methods involving continual handwritten notes. 
Bacheldor ( 2008 ) further discussed improvements in evidence location and access 
as well as a more thorough documentation of an items chain of custody when com-
pared to barcode readers or paper labels. Once all evidence is tagged, tracking is 
performed automatically through RFID readers within each room of the crime lab 
facility. Personnel removing items are required to scan their identifi cation badges; if 
they forget, an alarm will sound. 

 Focusing on safety, law enforcement  agencies  and correctional facilities  have 
applied RFID  technology in a variety of ways. In a study funded by the National 
Institute of Justice, the use of RFID to develop a reliable and effective “smart gun” 
was identifi ed as feasible for police  force  adoption (Hunt et al.  2007 ). Recognizing 
that offi cers  were often assaulted and killed by their own weapon, “smart gun” 
research was initiated as a means of only allowing a weapon to be fi red by recog-
nized and authorized users. Through the use of an RFID scanner placed inside a 
weapon, a “smart gun” would only unlock the trigger and enable fi ring if the user 
was tagged and authorized. The same RFID tag could conceptually be used to track 
the location of offi cers, further promoting safety. However, a pilot project examin-
ing RFID tracking  was cancelled after fi rm resistance by offi cers who considered 
the tracking to be intrusive. 

 Although initial efforts to track law enforcement  movement were resisted, cor-
rectional facilities  were able to implement RFID  tracking  of guards and inmates 
successfully (Hunt et al.  2007 ; Wethal  2009 ). Implemented as a way to reduce 
expenses associated with labor-intensive tasks, RFID began to be utilized in 
correctional facilities in 2002. Hunt et al. ( 2007 ) detailed the application of RFID 
tracking in corrections. The RFID tracking system allowed continual tracking of 
inmates via a tamper-resistant wristwatch and tracking of guards via a belt-worn 
device. Capable of pinpointing the exact location of all RFID devices every two 
seconds, the system database records the movement of inmates. Useful for head-
counts and alerting guards when inmates enter restricted areas, the database archive 
can also be queried after an incident to determine which inmates were involved and 
recreate an event. With inmates unable to deny their presence at certain incidents, 
the RFID systems have been responsible for a signifi cant decline in violence . As for 
the guards, the system automatically alerts offi cials when the device is removed, 
when the device determines a guard is knocked down, or when the guard presses a 
panic button. Wethal ( 2009 ) described the implementation of a similar RFID system 
within six adult and three juvenile correctional facilities. The facilities similarly 
experienced a decline in inmate violence and increase in prison guard safety. 

 The crime  solving and crime reduction  potential of RFID  technologies  is only 
beginning to emerge (Hunt et al.  2007 ). One of the most promising applications is 
addressing property crimes . RFID technologies have successfully assisted law 
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enforcement  agencies  in identifying and recovering stolen merchandise as well as 
deterring theft  by increasing the chance of arrest and decreasing the ability of 
thieves to sell stolen merchandise. Furthermore, recovered RFID-tagged  items have 
been used as evidence , resulting in convictions. For example, the LoJack® vehicle 
anti-theft device has demonstrated a high rate of success (over 90 %) in identifying 
and recovering stolen vehicles (Christiana et al.  2007 ; Edmunds Inc.  2008 ). 
Frequently, thieves are still in or near stolen vehicles, resulting in an apprehension 
in addition to recovery. In many situations, the recovery of an RFID-tagged vehicle 
has resulted in the recovery of additional stolen untagged vehicles when the destina-
tion has been the same (e.g., a “chop shop”). 

 Law enforcement  agencies  have recognized the advantages of RFID  as a cost- 
effective solution to deterring theft  and more easily recovering stolen items. 
Christiana et al. ( 2007 ) cited the demonstrable importance of RFID tracking of 
valuable items to deter theft or identify and apprehend offenders  after they have 
committed a crime . In Oklahoma, the Rogers County Sheriff’s Offi ce received an 
“excellence in problem-oriented policing ” award after they utilized RFID to solve a 
growing theft problem (Police  Executive Research Forum  2001 ). During the mid- 
1990s, trailer theft had become a serious problem for the rural community which 
depended on livestock and utility trailers for business, recreation, and livelihoods. 
Recovery of stolen trailers was very diffi cult since most trailers were not registered 
and were often repainted after they were stolen. The Sheriff’s Offi ce implemented 
an RFID tracking  program which resulted in a reduction in the market for stolen 
trailers and an almost immediate elimination of trailer theft once the program was 
made public. Working with residents, the Sheriff’s Offi ce tagged trailers and created 
an ownership database enabling the monitoring and tracking of trailers. A similar 
project was undertaken at Ohio State University in an effort to deter bicycle theft 
(Johnson et al.  2008 ). Student support for the project resulted in hundreds of bicy-
cles being tagged and registered, which resulted in the recovery of stolen tagged 
bicycles and a signifi cant reduction in bicycle theft.  

3.7     Summary 

 Tracking people and objects through space  and time with tracking technologies  has 
emerged as an important means of crime  prevention  and investigation , allowing law 
enforcement  agencies  to deter and solve crime. The effectiveness and versatility of 
GPS  and cell phone  tracking  have proven to be vital tools for investigations which 
previously required enormous investments of time and resources. The detailed and 
surreptitiously collected digital data  on locations and movement patterns of indi-
viduals and objects has enabled law enforcement agencies to identify and track 
offenders  while also excluding innocent suspects. 

 Unmanned aerial vehicles have the potential to make the public safer, but are 
currently a controversial tactic. The public concern over drones  has resulted in only 
a few cases of domestic use. Automated license plate readers , however, are actively 
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used by a large percentage of law enforcement  agencies . Mounted on vehicles and 
structures at fi xed locations, license plate readers are among the most widespread 
tracking technologies . Capable of instantaneously processing data, ALPRs have 
recovered stolen vehicles and led to the arrest of wanted felons. The population of 
massive databases fi lled with locational information of millions of vehicles has 
furthermore provided law enforcement agencies with an additional tool that allows 
records to be stored and queried for future analyses. 

 Radio frequency identifi cation is an emerging technology that is also proving to 
be a valuable tracking tool. Used to track evidence  from a crime  scene  to trial, RFID  
is an effi cient method of cataloging and tracking evidence within the chain of 
custody . In addition to improving effi ciency, RFID has improved offi cer  safety  and 
assisted in crime prevention  and investigation . 

 The spatial  tracking  technologies discussed in this chapter have illustrated the 
value for both reducing and solving crimes. From the investigative  standpoint, 
spatial tracking technologies  have generated enormous volumes of data which 
have allowed law enforcement  agencies  to solve crimes effectively and apprehend 
offenders . Although the use of spatial tracking technologies in litigation has 
only been discussed in a limited manner in this chapter, it stands to reason that the 
data collected have served pivotal roles in prosecution. Of course, one can also 
reason that the role of spatial tracking technologies in prosecution is dependent 
upon the technology itself. For example, a GPS  data  log placing an offender in 
spatial and temporal  proximity  to a crime  scene  would necessitate the admissibility  
of the data log at trial. However, an offender apprehended in a stolen vehicle 
through the use of ALPR or RFID  may not require the admissibility of the technol-
ogy since possession of the stolen vehicle establishes guilt. Nevertheless, the data 
captured from spatial tracking technologies are digital and should be readily avail-
able if needed during trial.     
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    Abstract     This chapter presents an overview of the various spatial  technologies  that 
are utilized by law enforcement  agencies  to document evidence  for the preservation 
of crime  scenes  which can be used for further investigations  or as evidence during 
trial. The fi rst technology presented is remote sensing . Four of the more common 
types of remote sensing are discussed: aerial photography , satellite  imagery , ground- 
penetrating radar , and thermal imaging . The chapter continues with a discussion of 
geographic information  systems  and their application for crime mapping  and analysis 
as well as geographic profi ling . A review of the innovative uses of laser scanning  
technologies to document crime and accident scenes concludes the discussion.  

  Keywords     Remote sensing    •   Geographic information  systems  (GIS)   •   Thermal 
imaging   •   IR technology   •   Forward looking infrared (FLIR)   •   Laser scanning   •   High-
density laser scanning (HDLS)   •   Geographic profi ling  

4.1         Introduction 

 Although the use of geographic data by law enforcement  agencies  is not new, 
agencies of all types from enforcement to judiciary are increasingly using contem-
porary digital geospatial  technologies  (Peet  2012 ). The successful applications of 
geospatial technologies have been well documented in the literature (Goodchild and 
Janelle  2010 ; Milla et al.  2005 ; Sui  2008 ). Technologies, such as remote sensing  and 
GIS , are currently well established in law enforcement agencies throughout the 
United States (Markowitz  2002 ; Ratcliffe  2004 ). One of the advantages of these 
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technologies is their multiuse and multiuser capability. Whether the primary function 
is to increase effi ciency, analyze crime  incidents , investigate  crimes, share informa-
tion, or provide evidence  in court , the spatial  technologies  discussed in the chapter 
are unrivaled solutions. Remote sensing and GIS have numerous well- established 
roles within crime analysis  and law enforcement and are generally considered credible 
sources of data in courts.  

4.2     Remote Sensing  

 Remote sensing  is defi ned as the technique of obtaining information about objects 
through the analysis of data collected by special instruments that are not in physical 
contact with the objects of investigation  (Avery and Berlin  1992 ). The absence of 
contact ensures the object is not disturbed, a desirable characteristic for preserving 
evidence  at a crime  scene  and for admitting remote sensing data into evidence. 
Remotely sensed data has been widely applied to civil and criminal investigations  
and frequently admitted into evidence during trial (Slonecker et al.  1998 ). Law 
enforcement  agencies  are increasingly applying remotely sensed imagery on a routine 
basis (Messina and May  2003 ). Within the judicial system, remote sensing data has 
been deemed acceptable as both scientifi c and demonstrative evidence  (Hodge 
 1997 ; Krouse et al.  2000 ). 

 One of the initial applications developed within the remote sensing  discipline 
was for environmental monitoring (e.g., of deforestation  and desertifi cation). 
Therefore, it seems reasonable that environmental forensics  was among the fi rst 
investigative  applications  of remote sensing (Brilis et al.  2000 ; de Leeuw et al.  2010 ; 
Morrison  2000 ). As an example, a specialist journal,  Environmental Forensics , 
“provides a forum for scientifi c investigations  that address contamination within the 
environmental media of air, water, soil and biota, and is subject to law court , arbitra-
tion, public debate, or formal argumentation” (  http://www.environmentalforensics.
org/journal.htm    ). The evolution and availability of sensors and technology have 
since enabled a range of applications to become common for investigations and for 
providing substantive and persuasive evidence  during litigation. Advantageous as a 
visualization and analysis tool for investigators  and legal  practitioners (Crowsey 
 2002 ; Markowitz  2002 ; Grip et al.  2000 ), remote sensing has also empowered citi-
zens with the capability to monitor and conduct investigations of distant places 
(Macauley and Brennan  1998 ). 

 Aerial photography  is considered the oldest and most traditional type of remote 
sensing  (Brilis et al.  2000 ; Macauley and Brennan  1998 ). Other types of remote 
sensing commonly used for investigations  and litigation include (1) satellite  imagery , 
(2) ground-penetrating radar , and (3) thermal imaging . There are several additional 
types of remote sensing less commonly used for forensics which will not be discussed 
here (e.g., sonar LiDAR  and radar). The types of remote sensing discussed in this 
chapter have well-established methodologies and have been successfully applied to 
investigative  and judicial applications for many years by countless practitioners. 
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4.2.1     Aerial Photography 

 Aerial photographs  have been available since the nineteenth century (Grip et al. 
 2000 ). Broadly defi ned as any photograph  taken from the air, aerial photographs are 
among the most available and most commonly utilized sources of remotely sensed 
data  and can be taken from a variety of platforms, including fi xed-wing aircraft, 
helicopters, UAVs, balloons, and even kites. Integrated with GPS , modern high- 
resolution digital cameras are capable of providing extremely detailed images of the 
surface with locational precision, which may be georeferenced to provide orthopho-
tographs rectifi ed to a planar surface. Aerial photographs provide unbiased, detailed 
information of a coverage area at the time of capture and are particularly valuable 
as a nonintrusive means of observation (Brilis et al.  2000 ). Aerial photographs are 
commonly used to create maps, a practice known as photogrammetry (Lillesand 
et al.  2008 ). A series of aerial photographs taken over time provide an effective and 
reliable means of displaying, monitoring, recording, and documenting change 
(Brilis et al.  2000 ). Among the primary advantages of aerial photographs, compared 
to other types of remote sensing, are fl exibility and the spatial  proximity  to the area 
being photographed. Various platforms can be used to either increase or decrease 
distance from the observed surface. An increase in distance permits photography of 
a wider fi eld of view   , while a decreased distance provides higher spatial resolution . 

 Aerial photographs  are particularly valuable for investigations  when private 
property owners do not permit intrusive observations (Brilis et al.  2000 ). According 
to the US Supreme Court  decision in California v. Ciraolo ( 1986 ), anything capable 
of being viewed from a public space  is not protected by privacy  laws in the United 
States. Therefore, aerial observations and photographs are legally permitted to 
monitor and document areas considered private property and may be presented as 
evidence  during trial. Although California v. Ciraolo has established legal  prece-
dent , it also demonstrates a particular application of aerial photographs by law 
enforcement  offi cers  to investigate  and apprehend a suspected marijuana  grower. 
An airplane was used to fl y over the suspect’s property and take aerial photo-
graphs which conclusively showed the presence of marijuana. Typically, aerial pho-
tographs are used to confi rm or deny the presence of an activity or operation (Grip 
et al.  2000 ). On a much larger scale, the US Department of Agriculture (USDA) 
actively takes aerial photographs of farm property across the United States in an 
effort to reduce crop fraud  (Charles  2006 ; Marshall  2013 ). Intended to monitor 
farmers receiving government subsidies, the USDA program helps maintain current 
records while also catching violators growing crops or altering the land (e.g., 
draining wetlands or plowing native prairie) when they should be engaged in con-
servation activities (e.g., reducing soil erosion). 

 The potential applications of aerial photography  by law enforcement  agencies  
are numerous (Harries  1999 ). They have been used in a variety of litigations over 
the last several decades (Slonecker et al.  1998 ). Aerial photographs have proven to 
be one of the most valuable tools available to an investigator for documenting 
evidence  and illustrating the layout of a certain crime  scenes , such as large outdoor 
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scenes or vehicle accident scenes (Langer and Dunaski  2007 ). Within such scenes, 
aerial photographs can provide a different perspective while more accurately record-
ing facts and conditions. For example, France et al. ( 1992 ) determined that aerial 
photography was ideally suited for the detection and delineation of grave sites based 
on surrounding environmental factors (e.g., changes in vegetation patterns). 

 The integration of aerial photographs  within a GIS  provides greater fl exibility for 
forensic analysis, for the management of information, and for the presentation of 
facts in an easily understood manner (Brilis et al.  2000 ; Grip et al.  2000 ). Additional 
spatial  data  relevant to the needs of the investigation , such as zoning codes, injury 
locations, or offender /victim  residences, can be superimposed on the photographs 
(Harries  1999 ). Messina and May ( 2003 ) provided a case study in which detectives 
used aerial photographs to record the events of a carjacking as a visualization tool 
for the jury during trial. The creation of a timeline of events helped the prosecution 
re-create the scene and was a key tool in proving the sequence of events occurred 
the way law enforcement  offi cers  stated, not how the offender alleged. In short, aerial 
photographs are a powerful tool capable of being utilized in a variety of applications; 
moreover, when integrated with GIS and additional spatial data, aerial photographs 
become an even more invaluable investigative  and forensic tool.  

4.2.2     Satellite Imagery  

 Satellite imagery is an alternative to aerial photography , capable of collecting large 
amounts of spatial  data  in a relatively small amount of time. Satellite imagery has 
been used as an alternative to aerial photographs to provide nonintrusive, unbiased, 
and reliable data useful for observations during an investigation  or documentation 
of evidence  for litigation. Relative to aerial photographs, satellite  imagery  can 
capture larger areas using fewer images. Larger spatial coverage within fewer 
images makes satellite imagery a faster and more effi cient alternative. However, the 
major advantage of satellite imagery is the fact that satellites can capture imagery 
from anywhere on the planet. Many modern satellite sensors are directable, capable 
of providing specifi c images with a very high level of spatial resolution  (detail) 
and at greater frequencies (temporal  resolutions). Additionally, archived data from 
satellite imagery dating back several decades can be obtained if needed to analyze 
and document long-term changes. 

 While one component of the USDA crop fraud  program discussed previously 
utilizes aerial photographs  to identify violators receiving subsidies but not complying 
with requirements, the USDA crop insurance program relies upon satellite  imagery  
to verify crop loss (e.g., due to disease or weather-related events) and investigate  
suspected fraudulent insurance claims (Marshall  2013 ; Rocchio  2006 ). Satellite 
imagery is used to determine if the imagery of the ground matches the farmers 
claim. Farmers who fi le false claims have had to reimburse payments, pay fi nes, 
and have become ineligible for future benefi ts (USA v. Torlai  2013 ). Covering over 
7.6 million acres, improper payments continue to be made despite current efforts. 
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However, while crop fraud  has not been eliminated, it has decreased. The arguable 
success of the claims monitoring has resulted in fewer claims, a drop in the number 
of fraud cases, and even admissions of guilt by farmers who received prior settlements 
but who were not investigated. 

 An innovative and controversial application of satellite  imagery  was implemented 
by town offi cials in Riverside, NY. Using Google  Earth , a free Internet - based appli-
cation, code offi cials identifi ed swimming pools that were installed without permits 
and without the safety inspections which accompany the permit process (   Nichols 
 2010 ). Identifying 250 illegally installed swimming pools, the town was able to 
recover $75,000 in permit fees. Because of public concern for privacy , the town has 
subsequently abandoned the Google Earth method and currently tracks violations 
through the use of its own GIS  database. Craig ( 2007 ) provides a thorough review of 
online imagery providers and associated controversies.  

4.2.3     Ground-Penetrating Radar 

 While the most common application of ground-penetrating radar  (GPR) is to detect 
buried remains of homicide  victims , GPR has been used successfully by law enforce-
ment  agencies  to locate a variety of forensic evidence  (Schultz  2007 ,  2012 ). GPR 
effectiveness is based on the active and continuous transmission of high-frequency 
electromagnetic signals into the ground. The signals experience electrical impedance 
which can result either in attenuation or refl ection. Based on the impedance differences, 
GPR creates a subsurface profi le which can be interpreted by the operator. Images 
of buried objects are not displayed, but the presence of an anomaly within the 
subsurface profi le indicates prior disturbance (see Schultz  2012  for a complete review 
of GPR technology). GPR is a nondestructive, nonintrusive means of locating 
buried objects. Forensic evidence can be located under concrete surfaces without 
the need to damage the surface in the search, and evidence can be found without 
being damaged in the process. However, GPR is an expensive technology that 
requires an experienced operator with specialized training; consequently, GPR is 
not a tool commonly possessed by law enforcement agencies, but is often secured 
through other parties when needed. When utilized appropriately, GPR can save time 
and expense compared with traditional search methods. 

 Given the nature of GPR,  applications are almost entirely confi ned to the search 
for buried evidence . Davenport ( 2001 ) discussed a case in which GPR was used to 
locate a body of a missing woman that was buried beneath a concrete slab nearly 
three decades prior to the search. The GPR survey identifi ed fi ve anomalies, which 
were likely caused by plumbing. After prioritizing the anomalies, the body was 
found, and a subsequent autopsy revealed the cause of death was strangulation. 
Schultz ( 2007 ) similarly described a GPR search for a missing body presumed to 
be buried beneath a concrete slab. In this case, there were several concrete slabs 
that needed to be surveyed. The results of the GPR survey eliminated slabs without 
anomalies, which allowed law enforcement  to focus on the remaining slab that 
contained the missing body.  
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4.2.4     Thermal Imaging 

 Thermal imaging  is also known as thermography. Thermal imaging technologies 
create an image using temperature (Asano et al.  2012 ; Laba  1996 ). More precisely, 
thermal imaging devices  detect and produce images of radiation in the infrared 
range of the electromagnetic spectrum. Since thermal imaging technology  detects 
infrared radiation (IR), they are also commonly referred to as IR systems. A digital 
camera capable of capturing IR may be called an IR camera, and a digital video 
likewise may be called video IR. The images produced are visual displays of the 
amount of infrared energy emitted, transmitted, and refl ected by an object. Developed 
initially for military applications, thermal imaging devices are capable of sensing 
small temperature differences and are commonly used during limited visibility 
(e.g., at night or in fog) to detect objects. Applications of thermal imaging fall into 
three main categories: military, law enforcement , and commercial (Davenport 
 2001 ). Within law enforcement agencies, IR devices are often mounted to aircraft or 
vehicles and are referred to as forward looking infrared (FLIR). Data from FLIR is 
continuously recorded in digital format and often integrated with GPS  to provide 
locational information. As with each of the previously discussed types of remote 
sensing , thermal imaging is nonintrusive (arguably: see Laba  1996 ), nondestruc-
tive, and a reliable means of observation. 

 The more common law enforcement  applications of thermal imaging  technologies 
are for night surveillance  operations; security operations; search and rescue opera-
tions; the location of fl eeing suspects (individuals or vehicles), children, and escaped 
convicts; and primarily to locate indoor drug  laboratories and marijuana - growing 
operations (Davenport  2001 ; Laba  1996 ; Schreiber  2009 ; Schultz  2008 ). Indoor 
marijuana-growing operations require powerful heat lamps for the marijuana plants 
to fl ourish. As a result, structures for indoor marijuana cultivation are signifi cantly 
warmer (Lawyers USA  2009 ). Law enforcement relies on this detection of thermal 
difference for obtaining a search warrant of the property (   U.S. v. Kattaria  2009 ). 
However, it should be noted that a search warrant is currently required to use 
thermal imaging devices  to detect heat emanating from a private residence (Kyllo 
v. United States  2001 ). Schultz ( 2008 ) provided a list of supporting information that 
can assist in obtaining a warrant to use thermal imaging, including prior history 
of cultivation by an individual, information on supplies purchased to support 
cultivation, records of utility use, and the detection of marijuana odor in the vicinity 
of the residence. 

 Cited as a force  multiplier, the advantages of thermal imaging  devices  are 
priceless (Schreiber  2009 ). They have the potential to save lives, fi nd lost children, 
minimize offi cer  danger, and provide effi ciency while simultaneously reducing 
expenses. Law enforcement  agencies  are constantly seeking new and innovative 
ways to utilize thermal imaging devices; however, the use of thermal imaging 
technology  is limited by two signifi cant factors: it requires specialized and expe-
rienced operators and it is affected by prevailing environmental conditions – especially 
wind (Davenport  2001 ; France et al.  1992 ). Two previous limitations of cost and 
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quality (ability to detect temperature variations) have become less signifi cant as 
thermal imaging technology has advanced and has become more accessible to law 
enforcement agencies and the general public.   

4.3     Geographic Information  Systems  

 Geographic information systems (GIS ) have already enjoyed a long and rich history 
in civil and criminal investigations , facilitating a diverse range of applications 
(Dischinger and Wallace  2005 ). Chamberlayne ( 2001 ) considered GIS an essential 
tool to the mainstream offi ce functions of a crime  analyst. A non- exhaustive list of 
investigative  applications  includes environmental protection, civil tort lawsuits, 
forensic engineering, crime scene  documentation, arson  investigations , forensic 
research applications, and record investigations. The following section will illustrate 
the role of a forensic GIS  in these roles. 

 GIS  has experienced considerable use in the fi eld of environmental forensics . 
Describing GIS as software growing in popularity in the courtroom, Reis ( 2007 ) 
also identifi ed the frequent use of GIS in environmental practices. GIS serves as a 
presentation medium which assists judges, juries, and litigators in understanding 
multifaceted environmental relationships presented during trial. The reason, as 
Markowitz ( 2002 ) explained, is that GIS provides a powerful tool for visualizing 
and resolving complex environmental and legal  problems. While establishing 
environmental crime  prosecution guidelines, Suggs et al. ( 2002 ) drew attention to 
the diffi culty in following the course of an environmental crime, which often involves 
a series of different, independent activities by numerous people at different times. 
Aschenback ( 1991 ) described GIS as enhancing litigation through the availability 
of new information capable of providing answers to previously unanswerable 
questions. Furthermore, Grip et al. ( 2000 ) noted that, although historical aerial 
photographs  have proven to be powerful tools in environmental forensic investigations , 
they become even more powerful when integrated in a GIS. 

 Citizens involved in the detection and enforcement of environmental laws have 
also turned to GIS  (Thompson  2000 ). Many citizen monitoring groups have estab-
lished sophisticated monitoring systems that rival and often exceed the capabilities 
of public enforcement agencies; for example, the Virginia Water Monitoring Council 
(VWMC) is developing a GIS application in partnership with the State of Virginia 
Department of Environmental Quality to show where citizen groups, private industry, 
government agencies, and other organizations are monitoring for water quality. 
Environmental data is collected and analyzed by these and other groups to ensure 
compliance with federal regulations pertaining to air and water quality, wildlife 
protection, and habitat degradation. Macauley and Brennan ( 1998 ) acknowledged 
that technologies that make data available to citizens can facilitate more effi cient 
enforcement of environmental regulations. Environmental justice  issues have also 
benefi ted from the use of GIS in litigation. Lewis ( 2006 ) recommended identifying 
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and analytically mapping  minority population distributions whenever environmental 
justice concerns are suspected to exist. GIS maps  demonstrating high densities of 
minority residents within close proximity to a new or existing environmental hazard 
may demonstrate the potential for environmental discrimination, although intent to 
discriminate, would still need to be established, a diffi cult task. 

 GIS  modeling of incidents, such as plume and fl ow models of pollutants, is a 
common type of evidence  produced with GIS. Referring to the ability to identifying 
exact locations of people, property, and substances in relation to releases or spills 
under litigation, Wilson et al. ( 1997 ) found GIS models extremely effective in 
mass torts and class actions. Furthermore, superimposing modeled data on an aerial 
photograph  or satellite  image  promotes realism, aiding in effectiveness as well as 
conveying a sense of authenticity . GIS further assists in class-action lawsuits by 
providing scientifi c boundaries of affected individuals. In the case of Gwendolyn 
Guillory, et al. v. Union Pacifi c Railroad ( 2005 ), GIS and an expert witness  suffi -
ciently defi ned the geographic boundaries in a mass tort case based on a spatial  
analysis  of individuals affected by a chemical spill near a rail yard. 

 Additionally, GIS  has been utilized successfully for forensic investigations  
of tragic events. When the TWA fl ight 800 crashed into the Atlantic Ocean near 
New York in 1996, the National Transportation Safety Board (NTSB  1996 ) used 
GIS to aid in creating boundaries within which to search for victims  and to correlate 
injuries with other physical evidence  to assist in identifying the cause of the 
accident. Investigators  matched the location of recovered bodies to seating charts in 
an effort to identify patterns which would enable them to locate missing victims. 
The same seating charts were used to determine if physical injuries sustained by the 
victims were consistent with theories pertaining to the possible cause of the crash, 
namely, structural failure, explosive detonation/missile impact, and fuel tank explo-
sion. While additional evidence  ruled out a structural failure and an explosive deto-
nation, a fuel tank explosion was eventually deemed to be the most probable, but 
non-conclusive, cause of the disaster , which was substantiated by the GIS maps  
used in the investigation . 

 GIS  was also used in the reconstruction of the Space Shuttle “Columbia” disaster  
in 2003 (Brown et al.  2003 ). Based on the GPS  location of found debris, GIS was 
employed to predict the location of other undiscovered debris. Of particular concern 
was the location of toxic debris, which posed signifi cant health and environmental 
concerns, and of human remains of the crew. The GIS-produced maps were distrib-
uted to searchers with indications of high probability debris areas and of locations 
already searched; the fi nal debris-fi eld maps aided in reconstructing the sequence of 
events which occurred during the disaster. Along with the TWA disaster, determin-
ing the most likely sequence of events has contributed to new measures for prevent-
ing future disasters. In a more recent example, Graettinger et al. ( 2012 ) documented 
their efforts to develop a GIS analysis of tornado damage in Tuscaloosa, Alabama, 
which destroyed 4,700 homes while damaging an additional 7,000 homes. The 
results helped capture the overall distribution of damage and were critical to analyzing 
damage and obtaining knowledge of potential ways to prevent future devastations, 
while at the same time providing evidence  for claims. 
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 Forensic investigations  depend on a well-documented crime  scene  for continued 
investigation (Platt  2006 ). GIS  and other spatially enabled technologies have 
been explored as additional ways to capture and record crime scene information. 
For example, hikers at Lake Powell in Glen Canyon National Recreation Area 
discovered human remains, which authorities were able to identify as a man who 
reportedly drowned 20 years earlier. However, foul play was never ruled out. Faced 
with rising lake levels that threatened to submerge the area where the remains were 
found, Park Service offi cials documented the 3-acre scene with a GPS -enabled 
digital camera (Corbley  2008 ). Georeferenced digital photos  were then uploaded 
into a GIS for further examination by the coroner, who was able to ascertain that 
there was no evident trauma to the body remains. In this particular investigation, 
limited time prevented more detailed examination of evidence  that was scattered 
over a large area. Park offi cials credited GPS photomapping  and GIS as extremely 
useful tools for preserving the scene and spatially piecing together clues in an inves-
tigation. The GIS map permitted additional investigative  analysis  long after rising 
water levels consumed the investigation scene. 

 Wilson ( 2003 ) demonstrated the usefulness of GIS  as an investigative  analysis  
tool not only within a single crime  scene , but between multiple scenes, citing the 
high-profi le Washington, DC, sniper case as an example. To illustrate the potential 
of GIS within and between crime scenes, Smith ( 2001 ) described the application of 
GIS in Kosovo. Initially, the GIS was established to identify and inventory damaged 
buildings, which provided evidence  of the homes of ethnic Albanians being targeted. 
Subsequently, this same GIS was used to map the known locations of landmines, 
and it was eventually used in the forensic investigation  of sites of alleged atrocities. 

 Using GIS  to examine records for patterns and anomalies has proven highly 
useful as starting points for further in-depth investigations . Frequently, crimes are 
recorded in offi cial records, but yet go completely unnoticed. In one case study, 
Morrow-Jones et al. ( 2005 ) used GIS to identify potential house-fl ipping schemes 
and illicit over-appraisals of property. Citing these practices as money laundering 
methods, the analysis was also intended to protect unsuspecting buyers from pur-
chasing overvalued property, which might result in foreclosure  and neighborhood 
blight. By applying structured queries of more than 13,000 real estate transaction 
records, they identifi ed 110 suspicious transactions. 

 With an estimated $25 million loss to food stamp fraud  each year, Louisiana’s 
Department of Social Services used GIS  to detect food stamp fraud  by investigating 
anomalous data (ESRI  2004 ; Schwart  2005 ; Walsh  2004 ). Investigators  cited the 
ability of GIS to plot suspect transactions on a map as a way to discern potential 
fraud in less than a day, in contrast to a 2-week process without GIS. By identifying 
fraudulent activities, such as high-volume transactions of whole dollar amounts from 
retailers (an indication of retailers buying food stamps from recipients at reduced 
value and redeeming them for full value), investigators were able to identify and pros-
ecute fraud cases. The system developed for Louisiana was subsequently deployed in 
Mississippi with a similar rate of success in detecting food stamp fraud (Raths  2007 ). 
The utility of GIS to detect fraud has also attracted the attention of the US Department 
of Justice. With an estimated $47 billion worth of Medicare fraud occurring every 
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year, the government’s attempt to prevent Medicare fraud is becoming more reliant on 
GIS and geographic data  (Westly  2010 ). 

 As an emerging technology within the fi eld of forensic investigations , GIS  is 
currently being explored for a variety of potential uses as researchers seek to apply 
GIS to new domains of knowledge. In one such research avenue, Manheim et al. 
( 2006 ) examined the utility of GIS as a forensic taphonomy tool for predicting the 
locations of dumped bodies and understanding the dispersal pattern of scattered 
remains. Although no dispersal pattern was identifi ed, the ability to predict probable 
locations of remains represents an important research agenda for forensic investiga-
tions . Along a different line of research, Burdette et al. ( 2007 ) applied GIS to create 
maps and a database of marine mammal habitats and fi shing gear to identify 
mammals caught and injured/killed by fi sheries. Rope marks were taken from 
photographs and compared to specifi c fi shery gear to narrow down the list of possible 
offenders , as different fi sheries and fi shing methods utilized different types of gear. 
Morton et al. ( 2005 ) designed a poster presentation demonstrating the ways in 
which the Virginia Department of Game and Inland Fisheries (VDGIF) used geospatial  
technology  to support wildlife law enforcement  activities. Realizing the diffi culties 
in mapping  incidents occurring in wilderness areas, game wardens were assigned 
GPS  units  to routinely record coordinates which were added to a GIS. Authors cited 
one example incident in which game wardens recorded the location of a hunter 
suspected of hunting within 500 ft of a duck blind. GIS was used to create a 500 ft 
buffer around the duck blind to show conclusively the hunter was in violation of 
the law. VDGIF credited geospatial technologies as being powerful tools for 
wildlife law enforcement and for communicating details to administrators and 
within court  proceedings. 

4.3.1     Crime  Mapping and Analysis 

 Crime  mapping  and analysis has experienced tremendous growth over the last 
decade with law enforcement  agencies  using it to aid intelligence, support criminal 
investigations , reduce and prevent crime, and increase performance and effi ciency 
(Leitner  2013 ; Chainey and Tompson  2008 ). Crime mapping  and analysis is not a 
substitute for, but conversely is complementary to, other forms of crime analysis  
(Boba  2005 ). Crime mapping assists crime analysts in analyzing and presenting 
information (Bruce  2001 ). Chainey and Ratcliffe ( 2005 ) described crime mapping 
and analysis as a combination of practical criminal justice  issues with GIS . Boba 
( 2005 : 37) defi ned crime mapping as “the process of using a geographic information  
system to conduct spatial  analysis  of crime problems and other police -related 
issues.” Crime mapping and analysis explores the geography of crime through the 
identifi cation of patterns and trends in crime data . Theories useful to examining 
spatial relationships between crime, offenders , victims , and the environment are offered 
through a subset of mainstream criminology  theories known as environmental 
criminology  (see Boba  2005 : 59–71; Brantingham and Brantingham  1981 ; Chainey 
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and Ratcliffe  2005 : 79–113; Wortley and Mazerolle  2008 ). There is currently an 
abundant and expanding source of literature documenting the successful applications 
of crime mapping and analysis within the criminology fi eld (Wolff and Asche 
 2009 ). For example, Chainey and Tompson ( 2008 ) and Leitner ( 2013 ) edited 
collections of case studies, the National Institute of Justice hosts a multiday crime 
mapping and analysis conference and publishes an online bulletin, and specialized 
journals (e.g.,  Crime Mapping: A Journal of Research and Practice ) provide peer- 
reviewed articles. 

 As Bruce ( 2001 ) stated, mapping  data indicates who, what, when, and where, but 
analysis helps determine why and what it all means. One of the leading methods 
of analyzing crime  patterns  and trends is by identifying clusters  (Tompson and 
Townsley  2010 ). Also known as hot spots , clusters highlight geographic areas in 
which crime occurs at a rate higher than average within close spatial  or temporal  
proximity , relative to the distribution of crime  across the entire area of interest. Analysts 
use a variety of methods (e.g., density map ping, spatial distribution  statistics, nearest 
neighbor clustering) to identify hot spots (Boba  2005 ). For further information, Eck 
et al. ( 2005 ) provided a detailed overview of hot spot analysis methods. The identi-
fi cation of crime hot spots allows law enforcement  to focus resources to areas most 
needed to reduce offenses and is considered a very effective means of preventing 
crime and reducing disorder  (Braga  2007 ,  2008 ; Caplan et al.  2011 ). The use of hot 
spot mapping to predict future crime locations is common in the crime mapping  
fi eld (Chainey and Ratcliffe  2005 ). Tompson and Townsley ( 2010 ) demonstrated 
that temporally sensitive hot spot maps were highly effective for predicting when 
and where future offenses were likely to occur. Additional research (Bowers and 
Johnson  2005 ; Johnson et al.  2005 ; Lockwood  2012 ; Rey et al.  2012 ; Townsley 
et al.  2000 ; Youstin et al.  2011 ) on repeat victimization (locations with repeat 
offenses occurring) also demonstrates the effectiveness of crime forecasting.  

4.3.2     Geographic Profi ling 

 An increasingly common investigative  approach and one of the more specialized 
methods of crime  mapping  and analysis is geographic profi ling (Canter and 
Hammond  2006 ,  2007 ). Warren et al. ( 1998 ) argue that according to Zipf’s principle 
of least effort (also known as Zipf’s Law) ( 1949 ), offenders  typically travel the 
shortest possible distance from their anchor points to their criminal task. This prin-
ciple generally holds true for most individuals and is commonly applied to investi-
gations  of serial crimes  (Canter  2009 ). The approach integrates theory  from criminal 
investigative analysis , environmental criminology , ethnographic geography, journey 
to crime research , and criminal geographic targeting to aid law enforcement  in 
investigating and solving diffi cult serial crimes. Environmental criminology  pro-
vides a general framework for addressing questions related to offender spatial  behav-
ior, and crime pattern theory suggests a specifi c method for determining probable 
area of criminal residence. Geographic profi ling is an example of the practical 
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application of criminological theory to the real world of police  investigation . 
“Some of our [offender profi ling] hypotheses … seem now to have passed into the 
general realm of established detective knowledge … It is this gradual building of 
elements of certainty by scientifi c rigour that is the object of the researchers” 
(Copson  1993 , pp. 20–21). 

 Geographic profi ling is a decision support  tool for criminal inquiries. It does not 
solve cases; rather, it focuses on an investigation  by providing both an optimal 
search strategy and a means of managing large volumes of information (Block 
and Bernasco  2009 ). Crime  locations and their patterns provide clues that, when 
properly interpreted, can be used to help fi nd the offender . Young ( 2004 ) reported a 
successful application of geographic profi ling  which was used in Raleigh, NC. 
The analysis predicted the residential location of a serial rapist/murder  within a 
single block. 

 Linking unsolved serial crimes  to a single or multiple offenders  is particularly 
relevant to police  investigation s (Bennell and Jones  2005 ; Bennell et al.  2009 ). Like 
all police tactics, geographic profi ling  reaches its potential when employed as part 
of a package of techniques. Because address information is so commonly available, 
a number of different strategies have been developed that can be integrated with 
other investigative  approaches, which results in the more effective and effi cient use 
of limited police resources (Rossmo  2000 ). 

 Taylor ( 1997 : 5) suggested that “The technique [of geographic profi ling ] holds 
the strongest promise for assisting police  in investigations  of serial murderers, serial 
rapists, and serial arsonists.” Its full potential, however, results from its integration 
with other behavioral science techniques, forensic analysis, eyewitness reports, and 
investigative  information (Rossmo  2000 ). While geographic profi ling is primarily 
an investigative tool , it also has a role in the courtroom. In addition to analyzing 
the geographic patterns of unsolved crimes for investigative insights, the spatial  
relationship between the locations of a crime  series and an accused offender ’s activity 
sites can be assessed in terms of the probability of their congruence (Rossmo  2006 ; 
Rossmo et al.  2005 ). When combined with other forensic identifi cation fi ndings 
(e.g., a DNA profi le), such information increases evidential strength and likelihood 
of guilt. The question of how to quantify most appropriately the weight of forensic 
identifi cation evidence  and rare trait possession is called the generalized island 
problem (Balding and Donnelly  1994 ). Geographic profi les can also be used as 
supporting grounds for search warrant affi davits (Rossmo  2000 ).   

4.4     3D Laser Scanning 

 3D laser scanning  provides police , the FBI, and criminal defense teams with the 
ability to rapidly document a crime  scene  and reconstruct the crime scene for 
additional investigative  purposes or for presentation to a jury during trial (Agosto 
et al.  2008 ; Headrick  2013 ). 3D laser scanning technology provides more useful 
data and is considered more reliable and accurate than traditional methods 
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(e.g., sketches and photographs). Through the use of a laser scanner, investigators  
are able to rapidly document a crime scene or accident site with extreme detail 
and precision. Laser scanners are not constrained by day or night (Foster  2004 ). 
Newer high-defi nition laser scanners (HDLS) are able to capture objects at the 
crime scene in full color with high resolution (Dabrowski  2010 ; DeLaurentis 
 2009 ; Frei et al.  2004 ). The results of the scan may be used to generate an interac-
tive 3-dimensional display within which additional evidence , such as photographs 
and witness  statements, can be embedded to provide immediate access with the 
click of a button. The investigation  and any analyses or updates can be performed 
using a computer, which reduces time and expense (Fries  2006 ). Furthermore, 
investigators are capable of moving within the virtual crime scene, unlike the 
actual physical scene which may need to be preserved to avoid evidence being 
contaminated or is otherwise inaccessible. Investigators    can change perspectives, 
explore for additional evidence, determine whether a witness could actually see 
what they claim to have seen and show a jury what a victim  may or may not have 
seen (Foster  2004 ,  2005 ). While 3D laser scanning is not a new technology, it has 
become more available and more affordable for widespread use (DeLaurentis 
 2009 ). 3D reconstructions are frequently used for investigations today (Agosto 
et al.  2008 ; Headrick  2013 ). 

 A variety of investigations  have benefi ted from 3D laser scanning . Cited as the 
most abundant form of evidence  at a crime  scene , DeLaurentis ( 2009 ) discussed 
the use of 3D laser scanning to capture shoeprint impressions. Agosto et al. ( 2008 ) 
reconstructed a crime scene to determine suspect’s possible walking paths based on 
blood patterns. Cramilt and Grissim ( 2010 ) p   rovided several case examples, including 
the reconstruction of a helicopter crash and the documentation of an airplane crash 
into the Austin Internal Revenue Service building in Texas. Craig Fries, CEO of 
Precision Simulations, Inc., provided several case studies demonstrating the effec-
tiveness of 3D laser scanning for investigating and reconstructing events. Fries 
( 2007 ) presented a case study in which a police  offi cer  fatally shot a suspect driving 
a stolen vehicle in a high speed pursuit (see also PSI  2012b ). Family members of the 
suspect sued the police department , alleging excessive use of force . The scene of the 
event was captured with a laser scanner, the physical evidence  was examined, and 
an accurate time-synchronized animated  re-creation of the events conclusively 
proved that the use of deadly force was reasonable given the circumstances. 
Fries ( 2006 ) discussed another instance in which 3D laser scanning was utilized in 
an innovative way to settle a construction accident case alleging negligence (see 
also PSI  2012c ). 3D reconstructions provided evidence of what the accident victim  
could see and what the operator of a front loader could see. The evidence resulted in 
the defendants of the case saving over $2.3 million. Another accident involving a 
pedestrian being struck by a municipal bus determined that the bus driver could 
not see the pedestrian, but that the pedestrian could see the bus (PSI  2012d ). In a 
reconstruction of a shooting that killed a deputy sheriff, 3D laser scanning docu-
mented the crime scene and analyzed bullet trajectories to determine if the shooting 
was intentional and premeditated (PSI  2012a ). And fi nally, the reconstruction of an 
accident scene helped to determine which driver was at fault (PSI  2012e ).  
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4.5     Summary 

 This chapter has provided an overview of three spatial  technologies  that are used 
by law enforcement  agencies  for investigation  and provide evidence . Aerial photog-
raphy  is the most widely used type of remotely sensed data  for forensics. Used as a 
source for the creation of base maps , aerial photographs are effective and reliable 
means of displaying, monitoring, recording, and documenting change. Satellite 
imagery is an alternative to aerial photographs that also provides an unbiased, 
nonintrusive means of observation. Ground-penetrating radar  offers an effective 
solution to locating buried objects more effi ciently than traditional search methods. 
While thermal imaging  is most often used to detect indoor marijuana  operations, it 
can be used for a large variety of applications. Geographic information systems are 
essential tools to assist crime  analysts and increasing for presenting evidence. One 
of the more fundamental applications of geographic information  systems  is for 
crime mapping  and analysis, which has been proven to increase performance and 
effi ciency while helping to reduce crime and support criminal investigations . One 
highly specialized area of crime mapping  and analysis is geographic profi ling , an 
investigative  tool  which assists in solving diffi cult serial crimes . 3D laser scanning  
allows investigators  to document a crime scene  or accident site rapidly and accu-
rately with extreme detail and precision and digitally reconstruct the scene. While 
law enforcement agencies are able to benefi t from any of the spatial technologies 
discussed within this chapter, the use of multiple technologies offers tremendous 
potential for increasing effi ciency, investigating and solving crimes, and providing 
compelling evidence in court .     
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    Abstract     Mortgage fraud  and predatory lending  are pervasive white-collar crimes 
that are diffi cult to investigate . As such, fraud  investigators  must use analytical tech-
niques that can identify loans with the greatest potential to show systematic irregulari-
ties in the lending process. Foreclosures  from the 2000 decade housing crisis are 
widely known to have occurred because of large-scale fraud, to which many were 
clustered . Despite displaying geographic patterns, an approach that has rarely been 
considered for fraud investigations  from foreclosures is to use spatial  analysis  to iden-
tify geographic patterns of these crimes. We demonstrate in this chapter a spatial 
analysis method that can be applied more widely to help fraud investigators identify 
loans for scrutiny that show geographically systematic patterns of foreclosure.  

  Keywords     Mortgage fraud    •   Spatial  dependence   •   CrimeStat    •   Near repeat analysis  

5.1         Introduction 

    The housing crisis of the mid-2000 decade led to the largest volume of foreclosures  
ever experienced (Bianco  2008 ; Crump et al.  2008 ; Wilson and Paulsen  2009 ) with 
a rate about four times (400 %) the historical average (Wachter  2009 ). The fallout 
of the crisis left a landscape of concentrated foreclosures with a lasting negative 
effect on many neighborhoods. Foreclosed houses can exert a direct negative 
economic impact on nearby properties because properties share vicinity-based 
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monetary value from having similar characteristics. Foreclosed properties transfer 
negative value through price devaluation, or “discounting,” that reduces the value of 
the original and nearby properties simultaneously (Scott  2010 ). Neighboring prop-
erties can lose between 0.9 and 8.7 % in value after another property is vacated from 
foreclosure (Pennington-Cross  2004 ; Immergluck and Smith  2005 ; Lee  2008 ; Lin 
et al.  2009 ). Losses can cumulatively mount when multiple foreclosures are concen-
trated (   Simons et al.  1998 ; Schuetz et al.  2008 ; Leonard and Murdoch  2009 ), which 
can lead to social and economic decline (Baxter and Lauria  2000 ; Metzger  2000 ; 
Wyly et al.  2004 ; Galster et al.  2006 ; Kaplan and Sommers  2009 ; Wilson and 
Paulsen  2009 ; Scott  2010 ; Fisher et al.  2013 ). 

 Mortgage fraud  1  has grown considerably over the past decade and predatory 
lending  2  is still pervasive. The number of mortgage-related Suspicious Activity 
Reports (SAR) submitted to the Financial Crimes Enforcement Network (FinCEN) 
of the US Department of Treasury is higher than ever. SAR submissions increased 
2,071 % between 2000 and 2010 (James and Butts  2011 ) and grew 31 % in 2011 
alone (FinCEN 2012). It has been estimated that about 38 % of foreclosures  were 
the result of mortgage fraud  3  and a high proportion from predatory lending schemes. 
Mortgage fraud alone is straining the Federal Bureau of Investigation (FBI) resources. 4  
James and Butts ( 2011 ) show that the number of cases to which the FBI issued 
indictments doubled from 1,531 in 2010 to 3,020 by February 2011. These trends 
signal that mortgage fraud and predatory lending are not abating and that fraud 
investigations  must remain steadfast in identifying, preventing, and prosecuting 
fraudsters. Investigators  must consider new tools and methods for detecting prob-
lems to identify trends not seen in other approaches. With mortgage fraud and pred-
atory lending contributing to the concentration and spread of foreclosures, a spatial  
analysis  to detect mortgage fraud and predatory can be a useful approach for fraud 

1   Mortgage fraud  involves deceptive practices that use intentional misstatements, misrepresenta-
tions, or outright omissions in the process of making a loan. Following the FBI’s defi nition of 
activities, mortgage fraud  is comprised of the following: (1) encouraging a borrow to lie about 
identity, (2) equity theft , (3) infl ating borrower income, (4) falsifying appraisals, and (5) encourag-
ing borrows to lie about income. These activities are generally classifi ed as either fraud for profi t 
or fraud for housing and target anyone who has the ability to qualify for a loan. 
2   Predatory lending involves illegal practices that apply exorbitant fees, rates, and unnecessary 
terms to loans to strip housing wealth from the borrower. Predatory practices are not defi ned in 
federal law and states differ in their defi nitions, but Freddie Mac identifi es the following as general 
practices: (1) charging interest rates and/or fees that far exceed reasonable lender compensation, 
(2) repeatedly refi nancing (fl ipping) at a lower interest rate after originally lending at a high rate to 
strip the borrower’s equity in order to pay new points and fees, (3) failing to report borrower credit 
information to limit borrowers to obtain the lowest interest rate available, (4) steering to higher- 
cost mortgages when they are eligible for lower-cost fi nancing, and (5) requiring credit insurance 
products to be fi nanced upfront. 
3   In testimony to the Financial Crisis Inquiry Commission, Ann Fulmer of Interthinx Corp. stated 
that about 38 percent of foreclosures  were the results of mortgage fraud , September 21, 2010, 
 http://fcic-static.law.stanford.edu/cdn_media/fcic-docs/2010-09-21%20Ann%20Fulmer%20
Supplemental%20Written%20Testimony.pdf  (accessed August 17, 2012). 
4   Statement of Assistant Director Chris Swecker before the House Financial Services 
Subcommittee on Housing and Community Opportunity, October 7, 2004.  http://www.fbi.gov/
congress/congress04/swecker100704.htm  (accessed March 29, 2009) 
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investigations . A near repeat  analysis, as one approach, can help investigators iden-
tify loans for patterns of fraud they would not have been detected otherwise. 

 Near repeat analysis  is an emerging approach in the spatial  and temporal  mea-
surement of crime . When a crime occurs, there is a high probability that, in a rela-
tively short period of time, other crimes will occur at the same location (repeat) or 
within close proximity (near repeat ) (Johnson et al.  1997 ; Townsley et al.  2000 ; 
Bowers and Johnson  2004 ; Johnson et al.  2007 ; Ratcliffe and Rengert  2008 ; Short 
et al.  2009 ; Wells et al.  2011 ; Haberman and Ratcliffe  2012 ). Repeat and near repeat 
crimes occur because incident sites share favorable location-related commonalities 
(similar social, physical, and economic features) conducive to other crime opportu-
nities. A primary theoretical underpinning of repeat/near repeat research is rooted in 
the First Law of Geography (Miller  2004 ; Tobler  1970 ). This law purports    that 
everything in geographic space  is related, but closer things are more related because 
they share stronger commonalities, i.e., the near repeat concept is based on  spatial 
dependence  . This geographic principle permits the repeat/near repeat approach to 
be applied to many housing-related problems because geography frames the loca-
tional and temporal occurrence of those problems. Analyzing foreclosures , as one 
example, with a near repeat analysis can provide an alternative way to detect sys-
tematic mortgage or predatory lending  fraud  cases. 

 We demonstrate in this chapter a near repeat  analysis method to measure the 
concentration and spread of foreclosures  to identify loans to scrutinize for mortgage 
fraud  and predatory lending  in Charlotte-Mecklenburg County, NC. We highlight 
the direct connection with geographic concepts that provide the foundation for 
understanding why spatial  analysis  can be of value to fraud  investigations . Our 
method incorporates a series of spatial analysis techniques that identifi es parameter 
settings, tests for near repeats, creates near repeat geographies, and facilitates more 
robust geographic analysis from the near repeat results. Our intent is to demonstrate 
different ways of examining the near repeat geography to identify potential connec-
tions between foreclosures. We also demonstrate how to partition data to analyze 
foreclosures for near repeat patterns  across different social, economic, or ecological 
dimensions. We fi nish our chapter by discussing a number of analytical avenues to 
further fraud investigations .  

5.2     The Concentration and Spread 
of Foreclosures : A Change in Routine Activities 

 Foreclosures  regularly occur from life-related events, such as high medical bills, job 
loss, divorce, family death, or other household events that rapidly exhaust income 
that lead missed mortgage payments. These events typically lead to isolated and 
randomly scattered foreclosures across a metropolitan area. During the housing col-
lapse of the mid-2000s, though, foreclosures concentrated unlike any previous time – 
many the result of mortgage fraud   or predatory lending . The concentration occurred 
from four non-mutually exclusive events that created a negative geography, which 
were the (1) fi nancial industry deregulation, (2) emergence of new lending practices 
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and technologies, (3) purchasing behavior changes, and (4) territorial expansion of 
metropolitan areas (Wilson and Paulsen  2009 ). 

5.2.1     Financial Deregulation at the Federal Level 

 Rooted in the idea of American exceptionalism, the US government has historically 
pushed for increased homeownership, especially for minorities in the latter decades, 
because it is believed to be the most reliable way for average citizens to build wealth, 
as well as stabilize communities (Wyly et al.  2004 ; Olson  2005 ; Bullard  2009 ). To 
maximize obtaining a home, in the mid-1990s, the federal government deregulated 
the mortgage market and created federal agencies to help potential buyers more 
easily obtain loans including many previously unqualifi ed borrowers (Doms and 
Motika  2006 ; Chambers et al.  2007 ; Bianco  2008 ).  

5.2.2     New Lending Practices and Technologies 

 With the advent of mortgage-backed securities, 5  banks offered loans with histori-
cally low interest rates and new fl exible loan terms that let almost anyone qualify 
because these securities reduced lending risk (Immergluck and Wiles  1999 ; Apgar 
and Calder  2005 ; Wachter et al.  2006 ; Crump et al.  2008 ; Fulmer  2009 ; Kaplan 
and Sommers  2009 ; Pavlov and Wachter  2009 ; Smith  2010 ). Borrowers from all 
economic backgrounds now qualifi ed for loans and were intensively targeted, in 
particular minority and low-income populations – aka “greenlining” (Immergluck 
and Wiles  1999 , Apgar and Calder  2005 ; Wachter et al.  2006 ; Crump et al.  2008 ; 
Welsch  2008 ; Fulmer  2009 ; Kaplan and Sommers  2009 ; Pavlov and Wachter 
 2009 ; Crossney  2010 ). 

 New technologies also facilitated loan growth. Underwriting software helped 
stream line the loan process and minimized the human bias that might impede loan 
originations. Large databases and data mining techniques helped to identify burrow-
ers to target as well as fi nd the right loan terms to help them make a purchase.  

5.2.3     Frenzied Purchasing Behavior 

 Borrowers took swift advantage of subprime loans and engaged in an irrational 
purchasing frenzy in the belief that if they did not purchase soon, they would never 
be able to afford a house (Rohe et al.  2000 ; O’Sullivan  2003 ) or unable to get into a 

5   Mortgage-backed securities allowed banks to reduce the risk of any one loan, even a group of 
loans, from defaulting because they bundle all these loans together as a single product. As a bundle, the 
impact of any loan going into default is minimized for investors because the loss is minimal due to 
the other loans being stable. 

R.E. Wilson and A.D. Fulmer



77

trendy market (Crump et al.  2008 ). As such, many borrowers accepted lending 
terms that later resulted in untenable payments (Fulmer  2009 ; Collins et al.  2009 ; 
Kaplan and Sommers  2009 ; Crossney  2010 ).  

5.2.4     Metropolitan Growth and Territorial Expansion 

 Housing demand surged with the growth in lending between the mid-1990s and 
mid-2000s, which led many metropolitan areas to territorially expand through 
building out large plots of land, revitalize older neighborhoods, or fi ll in empty 
space . This expansion created a supply of new houses that were quickly fi lled with 
borrowers who purchase them with subprime mortgages (Immergluck and Smith 
 2005 ; Crump et al.  2008 ). 

 For changes in these events to lead to crimes, motivations must exist and barriers 
be removed for opportunity to emerge. Prior to the four events listed above, routine 
activities of the mortgage industry were nominal and governed the lending process 
in which foreclosures  occurred from regular life events and be randomly scattered 
across the landscape. More so, while there were motivated offenders  and suitable 
targets in the mortgage industry prior to the housing crisis of the 2000 decade, there 
were capable guardians  in the form of federal regulations, qualifi cation limits on 
borrowers, and lack of technologies to facilitate the process. As the regulations and 
qualifi cations relaxed and as technologies became ubiquitous, the routine activities 
of actors in the lending process changed, effectively removing the capable guard-
ians  to allow motivated offenders to target large volumes of suitable targets. These 
elements and changes are the hallmarks of Routine Activities Theory  (Cohen and 
Felson  1979 ; Gottfredson and Hirschi  1990 ), 6  which led to the convergence of fraud  
incidents in time and space  to form “risky loan” geographies, collectively ready to 
default once the market collapsed.   

5.3     The Consummation of Risky Loan Geographies: 
Formation from Spatial  Relationships 

 The volume of subprime mortgages left borrowers collectively sharing the same 
geographic space  of default risk. These “risky loan” geographies led to neighbor-
hoods full of abandoned properties that exacerbate the spatial  variation  – i.e., spatial 
heterogeneity  – of the metropolitan landscape. A single foreclosure  has only a small 
impact on a neighborhood. When concentrated, foreclosures can have a cumulative 
negative impact on a neighborhood and can reverberate across a metropolitan area 

6   The General Theory  of Crime  allows the application of Routine Activities Theory  – typically 
applied to street crime – to white-collar crime due to attitude and behavioral characteristics under-
pinning the motivations for the perpetration of mortgage-related crimes. 
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and impinge the government’s ability to provide services and maintain the quality 
of life (Simons et al.  1998 ; Schuetz et al.  2008 ; Welsch  2008 ; Harding et al.  2009 ). 
The fallout can be long lasting in which the true damage is not seen until the many 
years later. At lower loan volumes, households with “at-risk” loans rarely co- 
occurred within proximity to each other, but because of high volumes, borrowers 
with high-risk loans were living in the same neighborhoods near each other, en 
masse. The suddenness, magnitude, and geographic scale of foreclosures in the 
mid-2000s geography became affi xed to these loans because these loans formed a 
spatially and temporally dependent group that would later manifest into a spatial 
pattern  of systematic defaults when the subprime market collapsed. 

 This spatial  connection between houses is manifested from the positive or nega-
tive transfer of economic value to other nearby houses based on property condition, 
occupant behavior (Galster  1982 ; Pennington-Cross  2004 ; Harding et al.  2009 ; Lin 
et al.  2009 ), proximity to built or natural amenities (Gibbons and Machin  2008 ; 
Mendelsohn and Olmstead  2009 ), or market supply principles (Whitaker and 
Fitzpatrick IV  2011 ). Foreclosures  primarily transfer negative value, or “devaluation,” 
to other properties from the house being vacated and added to the local supply, often 
steeply discounted. A single foreclosure can devalue nearby properties between 0.9 
and 22 %, and their spatial impact can range from an eighth to half a mile in distance 
(Pennington-Cross  2004 ; Immergluck and Smith  2005 ; Lee  2008 ; Campbell et al. 
 2009 ; Lin et al.  2009 ). 

 Mortgage fraud  and predatory lending  also geographically connected the houses 
through infl ated sales prices. Once the fi rst fraudulently infl ated sales price is 
recorded in the deed, realtor, commercial appraisal, and tax databases, it can be 
referenced as a comparable sale to support an artifi cially infl ated appraisal for other 
nearby properties. As infl ated values were recorded, fraud  began to geographically 
corrupt the tax digests leading to “offi cial” records of “legitimate” market values. 
The spatial  heterogeneity  of neighborhoods across a metropolitan area becomes 
amplifi ed from the database recording that geographically propagates the effects 
from fraud. As dispersed buyers located into these properties with high-cost loans, 
they create a new geography of highly leveraged buyers living in overinfl ated prop-
erties. Unable to recognize fraudulent transactions, county appraisers overlooked 
the early infl ated sales as signals of a growing market; additional sales at fraudu-
lently infl ated prices created the appearance of price appreciation from market 
forces as neighborhoods across the areas grew as well. When a critical mass of sales 
is reached, the neighborhoods are reassessed leading to a geographic range of over-
infl ated house values – by as much as 30 % – and extend several miles (American 
City & County  2009 ). 7  In the immediate aftermath of the fi rst wave of fraud, the 
sales prices of all properties within a quarter mile rise by as much as 4 % (Carswell 
 2009 ). The appreciation is illusory and increases the housing costs for new buyers, 
and new construction will be overpriced and exacerbate the spatially heterogeneity 

7   Tax offi cials in Boulder County, Colorado, reported tax assessment infl ation up to six miles away 
from the affected neighborhoods. 
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of housing submarkets across the metropolitan landscape through speculation and 
overbuilding (Crump et al.  2008 ). 

 The wolf fi nally came 8  in 2006 with the housing market collapse. The spatial  
aspects of these four events that led up to the concentration of high-risk loans gave 
way to a concentration of foreclosures , grossly altered settlement patterns and 
geographically spreading associated social and economic problems. The market 
began correcting itself with a fl ood of loans entering foreclosure, taking neighbor-
hood values down across an area. With the sheer amount of loans leading to foreclo-
sure, and only about a third of them resulting from fraud , identifying which ones to 
investigate  becomes challenging. If mortgage fraud  or predatory lending  schemes 
have any systematic geographic pattern, then using spatial analysis  may help to 
reveal those loans for instigation.  

5.4     Geography and Data 

 We used Charlotte-Mecklenburg, NC, for our analysis because the local market did 
not experience the hyperinfl ated price increases seen in other metropolitan markets, 
which allowed lower- and middle-income borrowers more opportunity to purchase 
a house without a reduced likelihood of overextending their fi nances. Unlike cities 
in rapidly appreciating housing markets, the Housing Price Index for the greater 
Charlotte area rose 32 % between 2000 and 2006 (peak of the housing boom) before 
declining, compared to increases of 66 % for Chicago, IL; 125 % for Las Vegas, 
NV; and 180 % for Tampa, FL (Offi ce of Federal Housing Enterprise Oversight 
 2008 ). Because Charlotte-Mecklenburg did not experience price escalations seen in 
other housing markets (see Fig.  5.1 ), housing will be more affordable to a larger 
number of families.

   Lack of rapidly escalating house prices and increased access to credit make 
housing more affordable to lower- and middle-income populations across a wider 
set of local markets. North Carolina is a nonjudicial foreclosure  state, which means 
the state does not intervene in the process and allows it to proceed according to 
 typical monthly administrative notices and fi lings. 

 We used parcel data from the Charlotte-Mecklenburg Tax Assessors Office 
to pinpoint the actual location of the foreclosed houses. We used all residential 
properties 9  that passed through the foreclosure  process under North Carolina state 
law without short sale transfer or other pre-foreclosure process preventing vacancy. 

8   This phrase was borrowed from John Hoerr’s 1988 book  And the Wolf Finally Came: The Decline 
and Fall of the American Steel Industry  that described the collapse of the steel industry and the 
devastating geographic impact on the Pittsburgh metropolitan region and connected geographies. 
This phase is aptly appropriate here because of the geographic magnitude of the fallout from one 
industry. 
9   Property types were condominium, manufactured, and single- and multifamily dwellings of all 
types. Condominiums and multifamily dwellings will appear in the same results cell in the results 
because they are at the same location, i.e., they are vertically integrated in this analysis. Single- family 
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Foreclosure, here, is defi ned as the state by which a lender repossesses a property 
after the mortgage delinquency process has come to an eviction conclusion. We 
identifi ed 13,461 foreclosed properties 10  with transfer dates between 2003 and 2008 
indicating loan originator repossession (Table     5.1 ).

   There were 5,097 forecloses in which no original sales price was refl ected and 134 
outlier properties (prices ≥ 99th percentile). These anomalous properties    were tempo-
rarily removed in order to evaluate their price distribution to determine how affordable 
most dwellings were in the Charlotte-Mecklenburg housing market (see Fig.  5.2 ).

and manufactured homes will be spatially dispersed and appear in the distance interval cells of the 
results. 
10   Parcel data were provided by the Geography Department at the University of North Carolina, 
Charlotte. 

  Fig. 5.1    Housing price index change for Charlotte-Mecklenburg and two other major metropoli-
tan areas       

       Table 5.1    Foreclosure dwelling-type descriptives for Charlotte-Mecklenburg parcel data, 
2003–2008   

 Dwelling types – foreclosed parcels 

 Frequency  Percent  Valid percent  Cumulative 

 Condominium  1,704  12.7  12.7  12.7 
 Manufactured  46  0.3  0.3  13.0 
 Multifamily  200  1.5  1.5  14.5 
 Single family  11,511  85.5  85.5  100.0 
 Total  13,461  100  100 

 

R.E. Wilson and A.D. Fulmer



81

   The distribution in Fig.  5.2  suggests that many properties were well within reach 
by most of the population, particularly with the availability of fl exible loan terms. 
Despite the outliers we, nevertheless, used all 13,461 properties for the near repeat  
analysis because price would not impact a spatial  and temporal  proximity  analysis 
because the approach relies solely on location and date. 

 The geographic distribution of foreclosures  between 2003 and 2008 is depicted 
in Fig.  5.3 . We aggregated the foreclosed parcels for each year into census block 
groups and created an average rate across all 6 years.

   Figure  5.3  shows a wide crescent pattern that nearly encircles Charlotte city 
center. The Eastway, Providence, Westover, and the South divisions to the south 
of the city contain many of the wealthiest neighborhoods 11  in the county and did 
not appear to have experienced high rates of foreclosures . The geographic range 
in the crescent covers much of the inner and outer suburbs of the city and shows 
an uneven, extensive, and cohesive pattern of foreclosures. Figure  5.3  is a limited 
spatial  and temporal  picture of foreclosures and provides little information about 

11   An analysis of block group data shows a wedge radiating from center city Charlotte to the south 
in which there is no concentrated disadvantage  and many of the block groups show the top 40 % 
of median incomes in the county. 

  Fig. 5.2    Price distribution for Charlotte-Mecklenburg on foreclosed houses       
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the geographic patterns of foreclosures in relation to each other. The near repeat  
process will help to uncover more precise and meaningful patterns for focusing 
investigations .  

5.5     Identifying Geographic and Temporal  Intervals to Set 
Near Repeat Parameters 

 We fi rst identifi ed meaningful distance and time intervals for the near repeat  analy-
sis. Arbitrary selection of either interval will overly bias our results and render them 
less reliable. Too large or small an interval can impose measurement problems by 
aggregating either too many or too few of observations within any interval. We 
identifi ed the spatial  interval by conducting a nearest neighbor analysis CrimeStat  
3.3 (Levine  2010 ) on the foreclosed parcels to obtain the average distance between 
pairs of locations. 

 The Nearest Neighbor Index (NNI) is a global statistic that produces a single 
value to indicate whether clustering  or dispersion exists among the locations. The 

  Fig. 5.3    Average foreclosure rate (per block group) of Charlotte-Mecklenburg County – 2003–2008       
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NNI measures the distance of each location to the closest location, which are then 
summed for all locations and divided by the total number to derive an average mini-
mum distance. A standard deviation distance is also calculated in CrimeStat  3.3 to 
report the variation of the minimum distances. The average minimum distance is 
then compared to a derived average minimal distance 12  to produce the NNI ratio, 
which ranges between 0 and 2.149 13  with a balance point of 1.0. Values closer to 0 
indicate clustering. Values around 1.0 indicate a random distribution. Values closer 
to 2.149 indicate dispersion. A  z -score is also calculated to indicate the level of 
statistical signifi cance that the observed pattern is similar or dissimilar to the ran-
domized pattern. 

 The NNI results point to a clustering  of foreclosures  with a value of 0.3835 
( z  = −136.92). The average distance between foreclosures was 264.3 ft with a stan-
dard deviation 14  of 374.8 ft, indicating that foreclosed dwellings are very close to 
each other – either in the same building or on the same/adjacent streets. One stan-
dard deviation above and below the mean equates to approximately one-eighth of a 
mile (639.1 ft), which is what I used for the near repeat  distance interval to measure 
houses within proximity. 

 Temporal  intervals should also be based on a time frame in which proximal 
repeats are expected to occur. Like the spatial  intervals, too large or small time inter-
vals will make measurement diffi cult and less precise. We used 30 days for the time 
interval because foreclosures  follow a monthly pattern of delinquency stages and 
default processing procedures. As such, we used a 30-day time interval to account 
for an abrupt change from occupancy to vacancy from the delinquency the foreclo-
sure stages.  

5.6     Identifying Repeat and Near Repeat Foreclosures  

 We used the Near Repeat Calculator (NRC) (Ratcliffe  2009 ) software program to mea-
sure the spatial  and temporal  proximity  between foreclosed residential parcels. 
Originally developed for measuring crime , the NRC can be used with any data in which 
there is an expectation of events exhibiting patterns of reoccurrence in close proximity 
to each other in short time periods. The results provide statistical evidence  about risk 
levels for proximal events emanating from a catalyst (originating) event. That is, the 
NRC specifi cally calculates contagion estimates for the same or nearby areas. 

   12   The random distance is the expected nearest neighbor distance that represents the distribution of 
observations if their patterns are completely spatially random. The random distance is calculated 
with an approximate value, which is 0.5 × sqrt( A / N ) where  A  is the total area being analyzed and  N  
is the total number of observations in the area. 
13   The value 2.149 is the empirical ceiling of the nearest neighbor index. Theoretically a value 
could be higher, but none have been observed in previous research. 
14   A standard deviation distance is also calculated in CrimeStat  3.3 to report the variation of the 
minimum distances. 
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 The NRC expands the George Knox ’s original concept of simultaneously mea-
suring distance and time aspects (Knox  1964 ). He derived a statistical test – known 
as the Knox test  – that used a 2 × 2 contingency table 15  to determine if two events 
were occurring in close proximity to each other by (a) distance only, (b) time only, 
(c) both distance and time, or (d) not proximal for either (see Fig.  5.4 ). Under the 
Knox test, the event is either in the specifi ed distance ( d  1 ) or not ( d  0 ) and in the des-
ignated time period ( t  1 ) or not ( t  0 ).

   The NRC extends the Knox  test  by allowing multiple distance and time intervals 
instead of just two intervals for each dimension, thus creating an  N  ×  N  contingency 
table (see Fig.  5.5 ).

   The NRC allows for a protracted set of distance and time intervals from  d  1  to  d   n   
and  t  1  to  t   n  . The NRC additionally allows for repeat events at the same location, 
which would now be  d  0 , and time ( t  0 ) to be detected separately from locations that 
are in proximity on both dimensions. 

 The NRC fi rst measures the observed distances between all pairs of event loca-
tions and their date stamps to record a count of event pairs that occur within a speci-
fi ed set of distance and time intervals. A Monte Carlo permutation approach is 

15   A contingency table in this context is matrix of two or more categories that depict the relationship 
between each factor across all rows and columns. 

  Fig. 5.4    2 × 2 Knox contingency table to test distance and time relationships (Grubesic and Mack 
 2008 )       

  Fig. 5.5     N  ×  N  Knox contingency table to test distance and time relationships       
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employed to randomize the event dates. 16  The Monte Carlo approach is fi tting for 
our approach because it represents the random foreclosure process that should occur 
from the disparate life-related events that lead to mortgage defaults. Locations 
remain fi xed during the permutation process because the interchanging of dates 
redefi nes the spatial  relationship between locations such that two locations may or 
may not be in proximity to each other within a time interval. After each randomiza-
tion trial, the distances 17  and dates for each event pair are remeasured and then 
combined with the other trial results to create a null empirical (expected) distribu-
tion. The observed event pair count is then compared with the mean of the expected 
distribution to determine if the actual number of nearby event locations is different 
than the expected within a time interval (see Fig.  5.6 ).

   The permutation process is carried out for each distance and time interval indi-
vidually so that observed event counts are evaluated with their respective empirical 
distributions. Statistical signifi cance is determined for each distance and time inter-
val by calculating the number of times the observed event pair count exceeds the 
mean of the expected distribution. If the observed count is not contained in the 
expected distribution, then the distance-time relationship between a pair of observa-
tions is likely due to some underlying process and not by chance. 

 Using the results from the nearest neighbor analysis, we set the Near Repeat 
Calculator to measure foreclosure  proximity with eight distance intervals of a 
standard city street block 660 ft (1/8th of a mile), which is a little under the ±1 

16   The number of randomization trials is based on a selected level of signifi cance to be achieved; 
 p  ≤ 0.5: 19 randomizations;  p  ≤ 0.01: 99 randomizations;  p  ≤ 0.001: 999 randomizations. 
17   The distances are only measured the fi rst time and stored in a matrix. Because the locations 
remain fi xed, there is no need to remeasure them for each permutation run. 

  Fig. 5.6    Distribution of expected pairs within fi rst distance and time interval       
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standard deviation distance found in the nearest neighbor analysis . We set the time 
intervals for six periods of 30 days (6 months), which corresponds to the typical 
delinquency and default process for a nonjudicial foreclosure state. The NRC 
offers the selection of three signifi cance levels ( p  = 0.05, 0.01, or 0.001) to deter-
mine the level of strength between observed pair counts and the expected distribu-
tion. To ensure our results were robust, we used  p -values of 0.001 as our statistical 
threshold for determining relationship strength, as well as to distinguish between 
levels of statistical strength for each of the distance and time intervals. Finally, 
distance can be measured in one of two ways in the NRC, which is straight-line 
distance (Euclidean) or following a simulated street grid (Manhattan). We mea-
sured foreclosure proximity with Euclidean distance because houses can go into 
foreclosure for similar reasons – i.e., borrower or loan characteristics – that are 
not relative to street patterns. 

 The NRC produces two contingency tables. 18  One table reports the likelihood 
ratios (Knox  ratios ) of a repeat or near repeat  occurring. The second table reports 
the signifi cance levels for each corresponding Knox ratio and is used to identify 
which ratios are signifi cant and to which level. Knox ratios are derived by dividing 
the observed pair counts by the mean of the expected distribution for each distance 
and time interval (Grubesic and Mack  2008 ). Table  5.2  shows the Knox ratios for 
repeat and near repeat foreclosures  occurring in each distance and time interval. 
Knox ratios in bold red are signifi cant at 0.01 and bold light red at 0.05 – all light 
gray ratios are not signifi cant.

   Ratios less than 1 indicate that foreclosures  are less likely to occur. Ratios above 
1 indicate that foreclosures are more likely to occur. For example, there are 1,850 
expected foreclosure event counts to occur within 1–660 ft of each other, between 0 
and 30 days, with the observed pair count being 2,856. 19  Dividing the observed pair 

18   The likelihood table can present which ratios are signifi cant alone. However, we present both 
tables so that users understand the output of the Near Repeat Calculator. 
19   The observed and expected counts are reported in another table produced by the NRC, which is 
entitled “Verbose.” 

       Table 5.2    Observed over mean expected values for near repeat foreclosures  – 2003–2008       
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count by the expected creates a Knox  ratio  of 1.54 and indicates a 54 % (Knox ratio – 1) 
greater chance that another foreclosure will occur within an eighth of a mile and in 
a month’s time. 

 Table  5.3  reports the corresponding signifi cance levels for each Knox  ratio . 
Statistical signifi cance is determined by calculating  p -values from the observed and 
expected pair count comparison.

    P -values are calculated for each distance and time interval with  p  = 1 −  n   e  /( n   s   + 1), 
where  n   e   is the Knox  ratio  and  n   s   is the number of permutations. For example, with 
foreclosures  that occur within 1–660 ft, between 0 and 30 days, the  p -value for the 
1.54 Knox ratio is  p  = 1 − 1.54/(999 + 1), which is  p  = 0.0054. This  p -value is statisti-
cally signifi cant at the 0.01 level, and the likelihood of the 2,856 foreclosures being 
in the closest proximity to each other within the fi rst 0–30 days has less than a 1 % 
likelihood being due to chance. Knox ratios in bold red are signifi cant at 0.01 and 
bold light red at 0.05. 

 The overall results in Table  5.3  show an extensive pattern of repeat and near 
repeat  foreclosures  across both distance and time. Foreclosures at the same 
location – a repeat event – within 30 days have a 1,245 (13.45–1) percent chance 
of reoccurring; these are likely condominiums or other multifamily dwellings 
that share the same physical location. At 0–30-, 91–120-, and 121–150-day 
intervals, near repeat foreclosures  extend up to three-eighths of a mile (1,980 
ft). The spatial  effect for near repeat foreclosures at both 31–60 and 91–120 
days extends up to 1 mile (5,280 ft). A distance decay  pattern is present in each 
time interval with the Knox  ratios  generally decreasing rapidly across the dis-
tance intervals. 20      

20   If further spatial  analysis  is to be conducted, plotting the values in a graph will show a dis-
tance decay  curve that can be be used to guide the selection of a mathematical function to 
produce a similar distance decay curve for weighting distance. 

    Table 5.3    Signifi cance levels for near repeat foreclosures  – 2003–2008       
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5.7     Creating Near Repeat Geographies 

 The Knox  tables, though, only tell investigators  that repeat and near repeat  foreclo-
sures  are occurring, which only offers limited information. To conduct any spatial  
analyses , though, the near repeat results need to be converted into geographic 
objects for further analysis. We use additional output from the NRC to visually 
identify geographic patterns of repeat and near repeat foreclosures  to focus investi-
gative  efforts on the repeat and near repeat clusters  in relation to their local geogra-
phies. The NRC allows for the selection of locations that fall within a range of 
distance and time intervals identifi ed as signifi cant in the Knox contingency tables 
to import into a geographic information  system  (GIS) for visualization or spatial 
analysis. For each location in that distance and time range, the NRC appends the 
number of times each location was a catalyst (originator) to other locations, as well 
as how many times that location was a near repeat to a catalyst. The locations them-
selves can be analyzed alone or in conjunction with the corresponding catalyst or 
near repeat counts. We used the NRC output to examine the locations in combina-
tion with their corresponding local geographies to potentially identify other factors 
that might underlie rapidly concentrating foreclosures in Charlotte-Mecklenburg. 
We then imported the results into the ESRI ArcGIS mapping  software to overlay of 
the identifi ed repeat and near repeat locations with the average foreclosure rates to 
examine the patterns in the context of the average foreclosure rates by block group 
(see Fig.  5.7 ).

   We classifi ed the repeat and near repeat  foreclosures  based on quartiles derived 
from Open GeoDa 1.40 (  https://geodacenter.asu.edu/projects/opengeoda    ) analytical 
software. The circle sizes are based on the calculation of the interquartile range of 
the ratio between originators and near repeats. This depiction helps to visualize the 
dual relationship a house can have as the initial foreclosure as well as a near repeat 
to other foreclosures. The larger the circle, the stronger the connection the origina-
tor has with a chain of near repeats. 

 The repeat and near repeat  patterns in Fig.  5.7  refi ne the analysis in three ways 
that are much more revealing about location than the average rates aggregated to 
block groups shown in Fig.  5.3 . First, the results specifi cally show which foreclosed 
properties were the most problematic with large dark red circles. Their classifi cation 
as outliers reveals their particular infl uence as originating events and how strong the 
connection is with other foreclosures  nearby. Second, the results show more specifi -
cally where problem houses are and reveal that they are in specifi c areas of a block 
group and not distributed across block groups. Third, the near repeat patterns  are not 
in the tracts that had the highest average rates of foreclosures as might be expected. 
If investigators  where to use the simple rate, they might look to the wrong block 
groups for sample loans. It is one thing for a block group to have the highest rate, 
but it is another to have a systematic pattern, the latter being what investigators more 
likely want to follow. 
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 We next used the Knox  test  in the ClusterSeer 2.0 (BioMedware  2002 ) analytical 
software to identify linkages between foreclosures  based on the results from 
Table  5.2  to reveal the distance and time connections between the originator and 
near repeat  foreclosures in Fig.  5.2 . We identifi ed foreclosure linkages that were 
within a distance of 1,980 ft and within a 90-day time frame because the results 
showed consistent pattern of signifi cant Knox ratios . Figure  5.8  reveals the direct 
relationships between the foreclosure originators and near repeats not produced by 
the NRC.

   The northwest of Charlotte-Mecklenburg County highlighted in Fig.  5.8  
shows numerous clusters  of originator and near repeat  foreclosures  but now 
includes links to between near repeats. This visual now allows for directly iden-
tifying which originators and near repeats are associated with each other. With 
these links, groups of foreclosures and their corresponding loans can be exam-
ined for commonalities between or across them. Figures  5.7  and  5.8  both direct 
the investigator’s attention to the most problematic houses and their relationships 
for focused attention.  

  Fig. 5.7    Originator to near repeat foreclosure relationships over the average foreclosure rate
 – 2003–2008       
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5.8     Examining Differing Foreclosure Characteristics 
with Near Repeat Analysis 

 The near repeat  approach allows input data to be partitioned in any number of ways. 
Quercia and Stegman ( 1992 ) identifi ed that loan, borrower, or property characteristics 
have the potential to drive specifi c foreclosure  patterns. We demonstrate in this 
section how splitting foreclosures along economic characteristics can reveal more 
specifi c spatial  and temporal  pattern s of foreclosures and associated factors. 

 Table  5.1  shows an extensive spatial  and temporal  pattern  of near repeat  foreclo-
sures  across Charlotte-Mecklenburg. This pattern is unlikely because the uneven 
distribution of social, economic, and housing characteristics across the area. We 
examined concentrated disadvantage  21  as one neighborhood-level characteristic, 

21   Concentrated disadvantage is comprised of fi ve census variables, which are the number of 
(1) families below poverty, (2) families receiving public assistance, (3) unemployed individuals in 
the civilian labor force , (4) families with children that are female headed, (5) residents who are 
black, and (6) the median family income in 1999 in a census tract. Criminological studies examin-
ing neighborhood effects have noted these factors being highly correlated (Morenoff et al.  2001 ) 

  Fig. 5.8    Repeat to near repeat foreclosure locations with distance and time linkages – 2003–2008       
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which represents a level of economic status of neighborhood residents. High 
concentrated disadvantage indicates that neighborhood residents are resource 
deprived, thus making it diffi cult to climb the economic ladder and achieve a higher 
quality of life. Low concentrated disadvantage is the opposite where residents have 
ample opportunities to live a higher quality of life. Tables  5.4  and  5.5  show the near 
repeat results for foreclosures in tract of low and high concentrated disadvantage.

    Separated by concentrated disadvantage  levels, Tables  5.4  (high concentrated 
disadvantage tracts) and  5.5  (low concentrated disadvantage tracts) show that the 
distance and time intervals exhibit different patterns of statistical signifi cance 
than Table  5.1 ; the signifi cance levels are much more scattered in the former 
tables. The most striking difference between the tables is the likelihood that a 
dwelling will go into foreclosure  at the same location within 0–30 days. In block 
groups where concentrated disadvantage is high, there is a 2,145 % chance that a 

but represent a conceptual idea that represents more than just being economically impoverished. 
To ensure that any analysis did not suffer from correlation problems, a factor analysis was used 
with varimax rotation using maximum likelihood estimation to calculate factor loadings. 

         Table 5.4    Observed over mean expected values for near repeat foreclosures  for houses in 
disadvantaged block groups – 2003–2008       

        Table 5.5    Observed over mean expected values for near repeat foreclosures  for houses not in 
disadvantaged block groups – 2003–2008       
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dwelling will go into foreclosure at the same location, compared to an 858 % 
chance in a more affl uent block group. This result indicates that multifamily com-
plexes have a higher risk for a repeat foreclosure from families in which concen-
trated disadvantage is more prevalent. 

 Both low and high concentrated disadvantage  geographies show comparable 
near repeat  patterns on continual basis over 6 months at a similar geographic range 
of about one quarter of a mile (1,320 ft). The near repeat patterns  in both Tables  5.4  
and  5.5  do diverge, though, from Table  5.1  with patterns being more condensed in 
the fi rst three time and distance intervals for foreclosures  that occurred in block 
groups of low concentrated disadvantage. Unlike Table  5.1 , the spatial effects disap-
pear in Table  5.4  after a quarter of a mile for the 151–180-day interval. Both 
Tables  5.4  and  5.5  show a continuing pattern of near repeat foreclosures  across time 
for the fi rst two distance intervals. 

 The separate fi ndings allow for researching the differences and allowing investi-
gation  strategies to be refi ned because the results indicate spatial  contagion effect 
for block groups with higher concentrated disadvantage , but low disadvantaged 
block groups had a more extensive pattern. The next step is to identify the geo-
graphic patterns of the two neighborhood types. 

5.8.1     Visualizing Differing Distance and Time Patterns 

 Given the consistent time and distance patterns in Tables  5.4  and  5.5 , we selected 
those foreclosures  that had near repeat s across all six time intervals for up to a third 
of a mile (1,920 ft) or geographic visualization and further spatial  analysis . We 
imported the results into ArcGIS and created a logged ratio 22  of originators to near 
repeats to visualize the locations as a bivariate relationship (see Fig.  5.9 ). The 
logged ratio shows the relationship between the number of times a location is an 
originator to other near repeats and the number of times it is a near repeat to other 
originators.    Values below 1 indicate a foreclosure is a near repeat to many other 
originating foreclosures, which indicates a stronger and more clustered relationship 
to many other nearby foreclosures. Values above 1 indicate that a foreclosure is an 
originator to a less number of near repeats, meaning it is more isolated with a weaker 
relationship. As values approach 0, more near repeats are associated with the cata-
lyst and share a stronger relationship. As values increase away from 1, this means 
the catalyst has less of a relationship with the near repeats.

22   We took the log of the ratio for displaying the relationship order to remove the distribution 
asymmetry that ratios can create. In many instances ratio values above 1 stretch to the maxi-
mum of their range, whereas values below 1 are confi ned to a range of 0 and 1. This creates a 
long tail in the distribution of 1 that can skew distribution and affect thematic mapping  for 
comparing the distribution around the center point of 1. Taking the log of the ration alters the 
values by pulling in the larger values in the tail creating a range of values above 1 that is similar 
to the range of values below 1. This makes the values on either side of 1 comparable with each 
other in thematic mapping . 
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   Figure  5.9  fi rst reveals that repeat and near repeat  foreclosures  were not in the 
block groups with the highest levels of concentrated disadvantage  but also shows 
that near repeats are more dispersed than in block groups of low concentrated dis-
advantage. This fi nding indicates to investigators  that those in neighborhoods with 
the lowest economic status did not suffer the brunt of the foreclosure process in 
Charlotte-Mecklenburg as has been typically thought or shown in other studies 23  
(Calem et al.  2004 ; Immergluck and Smith  2005 ; HUD  2010 ). The results do show 
that many repeat and near repeat foreclosure clusters  are in block groups with higher 
levels of concentrated disadvantage than not. For example, in the north there were 
clusters just outside of Mount Holly and Paw Creek, as well as several clusters 
around and directly to the north of Derita. To the west, there were pockets of clus-
ters in tracts of low concentrated disadvantage in the Eastway, Hickory Grove, and 
Independence divisions. The southern divisions were nearly devoid of any repeat or 
near repeat patterns . 

23   Other studies have shown that lower-income populations took advantage of the opportunity to 
purchase a house in their neighborhood. 

  Fig. 5.9    Originating and near repeat foreclosure locations over concentrated disadvantage 
– 2003–2008       
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 The size and the color of the circles indicate where the strongest relationship is 
between originators and near repeat s within a third of a mile from each other. There 
are several clusters  of locations that are −3 and −4 standard deviations below the 
mean that stretches across the northwest from central city Charlotte, with groups to 
the east in North Tryon and Hickory Grove divisions and few to the south. These 
near repeat foreclosures  are strongly associated with other near repeats in the 
immediate area. These clusters are also distinctly separated from each other, sig-
naling to investigators  that there might be systematic mechanisms underlying these 
foreclosures . There are far less clusters of values above one, which indicates that 
there were many isolated originators in which there were weak associations 
between the catalyst foreclosure and the other foreclosures nearby. More of these 
clusters are located in the east with several scattered through the northwest imme-
diately outside city center Charlotte.  

5.8.2     Extended Spatial  Analysis of the Near Repeat Results 

 NRC results can guide parameter specifi cation for a subsequent spatial  analysis , par-
ticularly for establishing a geographic sampling frame. To visualize the spatial concen-
trations  of repeat and near repeat  foreclosures , we used the Dual Kernel Density  
Estimation (DKDE) technique from CrimeStat  3.3 to produce a density surface of 
repeat and near repeat foreclosures  between census tracts that had low and high con-
centrated disadvantage . The DKDE is ideal for revealing the differing patterns between 
two different geographic distributions by producing a density surface that reveals the 
clustering  relationships between them with gradients of continuous estimates that sum-
marize clusters of points for more succinct interpretation of patterns. Estimates are 
calculated by overlaying a grid system across the geography in which the distance from 
each cell to every observation within a specifi ed distance is measured and weighted 
based on how close it is to the cell origin and where it corresponds on the distance 
decay  curve. This operation subtracts the density estimates of the houses in non-disad-
vantage tracts (secondary fi le) from the estimates for houses in disadvantaged tracts 
(primary fi le), producing divergent values above and below 0 to depict areas of concen-
tration of foreclosures based on levels of concentrated disadvantage. 

 We used the negative exponential function for two reasons. First, the low NNI 
results indicate close proximity between foreclosure  locations. Second, the distance 
decay  patterns in Tables  5.4  and  5.5  show a steep spatial  relationship decline in 
likelihoods across all of the time intervals (see Fig.  5.10 ), adhering to the empirical 
research cited above regarding close proximity. Thus, a distance decay function 
with a steep declining curve that strongly weights close values and rapidly decreases 
the weights as locations get further away would be representing the spatial relation-
ship between locations.

   The negative exponential function creates a steep declining distance decay  curve 
that forms a very narrow peak at the origin that monotonically decreases up to the 
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specifi ed distance –similar to the curves in Fig.  5.9 . Locations in very close proximity 
to the cell are weighted much higher than those further away. 24  

 Figure  5.11  shows the results of a DKDE analysis for the geographic concentra-
tions of foreclosures  in tracts with lower and higher concentrated disadvantage  
using a quarter of a mile search distance.

   Figure  5.5  supplements the NRC analysis by capitalizing on the appended output 
to reveal the differing geographic patterns of foreclosures  that occurred in tracts 
with lower and higher concentrated disadvantage . The importance here is that inves-
tigations  can focus on areas for sampling purposes. The likelihood of other proper-
ties within these areas is high, and loans from houses not yet gone into foreclose can 
be examined and compared to the foreclosed loans. Investigators  can oversample in 
the clusters  or create a geographically stratifi ed frame to ensure they get an adequate 
number of loans from these areas that they would not have otherwise if they just 
sample from the pool of loans in nonspatial  data base .   

5.9     Implications for Investigating Mortgage Fraud  
and Predatory Lending 

 Mortgage fraud  and predatory lending  cases are extremely complex and are tradi-
tionally labor intensive. Fraud  cases require the coordinated effort of working 
groups and task forces from a variety of state and federal regulatory and criminal 

24   Events located outside the specifi ed distance are excluded, which is the case for all the mathe-
matical functions in CrimeStat  3.3 except for the normal function. The normal function includes 
all observations across the geography. 

  Fig. 5.10    Average Knox ratio decrease along 30-day time intervals – by tract disadvantage level       
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agencies to uncover and prosecute. These investigations  take, on average, a mini-
mum of 2 years from initiation to indictment. In many cases, the subjects continue 
operating their schemes until the day they are indicted. So anything that can help 
investigators  identify systematic fraud should expedite their efforts in making cases 
against the fraudsters. There are a multitude of implications for investigations from 
a near repeat  analysis, but we list some general ideas below about how this approach 
offers new avenues for analyzing whether or not foreclosures  might have emanated 
from mortgage fraud or predatory lending. 

5.9.1     Enhanced Investigations 

 Investigations can be    enhanced by simply taking advantage of one of the geo-
graphic information  systems ’ (GIS) most powerful capabilities, which is linking 
data attributes by geography when other options are more limited. Since mortgage 
fraud  or predatory lending  has been shown to be geographically focused, GIS, 
then, becomes a valuable tool for analyzing foreclosure  data from that perspective 

  Fig. 5.11    Originating and near repeat foreclosure densities over concentrated disadvantage 
– 2003–2008       
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and to determine if targeting was or is occurring. Visualizing loan-related data can 
foster new avenues of investigations  that otherwise would not have been possible 
or generate opportunities from identifying patterns and geographic correlations 
with other geographic patterns.  

5.9.2     Distribution of Other Geographic Factors 

 The spatial  heterogeneity  of concept (variation demographic and economic charac-
teristics across the landscape) provides investigators  with an opportunity to identify 
geographic areas to examine more closely. Supplemental geographic data  can be 
used to determine if any visual or statistical correlations exist with the near repeat  
clusters  that might prompt investigation  into their relationships. Examining the 
geographic distributions of demographic or economic factors across neighborhoods 
can highlight reasons for fraudster targeting or why a clustering of bad loans 
emerged in those neighborhoods. We used concentrated disadvantage  as an example 
because the research cited above identifi es that poorer neighborhoods are usually 
targets for mortgage fraud  and predatory lending  for a host of reasons. But because 
housing is tied to the land and their value is tied to proximity to other geographic 
entities, factors such as land values, new building permits, income levels, changing 
neighborhood conditions, or the number of sales can be informative to investiga-
tions or research. Most urban environments have huge collections of geographic 
data that have not been considered for use in understanding the connections between 
geographic patterns. More so, there are a number of individual- or household-level 
data sets that can also be mapped  and spatially analyzed in this same way.  

5.9.3     Time Is a Key Cofactor 

 The time course of repeats and near repeat  adds a new dimension toward understand-
ing the concentration of foreclosures . Knowing how fast foreclosures are spreading, 
or the temporal  extent of the process, can be enlightening about the underlying causes. 
If time trends are present, this suggests there is something systematic about these 
loans that investigators  should consider. Identifying the pace at which foreclosures are 
concentrating leads to suspicions of some underlying cause because foreclosures 
should not be occurring in any systematic way, particularly in conjunction with spatial  
patterns . Foreclosures can cluster  over long periods of time because some neighbor-
hoods will have a demographic that puts them more at risk for defaulting, but those 
clusters take numerous years to form. Foreclosures reoccurring in the same neighbor-
hood within a month, and across months within a year, signal that these loans are 
collectively problematic. Time now indicates a more systematic pattern than just 
space  alone because the likelihood of that is statistically improbable, but theoretically. 
Geography allows a view of patterns that otherwise would have been missed. If 
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investigations  can identify clusters of foreclosures as they are emerging, it might be 
possible to take action before the damage plays out and identify the fraudsters and 
their plans and reduce damage to the homeowners and their communities.  

5.9.4     New Sampling Strategies 

 The identifi cation of repeat and near repeat  foreclosures  allows for the development 
of new sampling frames for scrutinizing loans due to the existence of spatial  depen-
dence  between the foreclosure locations. With a spatial analysis  approach, drawing 
samples can be based on the originator and near repeat linkages or cluster  geogra-
phies. With the linkages, specifi c loans that share the distance and time relationship 
directly can be examined for their commonalities. With the density surface concen-
trations, oversampling can be conducted because foreclosures should not normally 
be clustering, which can ensure enough loans are drawn to yield sought after com-
monalities if they exist. If there are a large number of clusters, a more balanced 
sampling frame could be derived to draw more evenly from all of the clusters. Or, a 
stratifi ed sampling approach might be taken to divide up the larger geography based 
on the identifi ed patterns in the spatial analysis. If commonalities are found among 
the loans in the clusters, then investigations  can explore, for example, chains (Wells 
et al.  2011 ; Haberman and Ratcliffe  2012 ) of near repeats that reveal connection 
patterns between the near repeats from one loan to the next. So, a near repeat analy-
sis  on the different lenders could be revealing, or not. But that is the test.  

5.9.5     Strengthening Prosecutions 

 Investigation outcomes and research on near repeat s can help to show that mortgage 
fraud  and predatory lending  are not victimless crimes as is often the perception. As 
white-collar crimes, these forms of fraud  are often seen as victimless because no 
one is physically harmed. However, these crimes have real consequences beyond 
the borrower or lender’s fi nancial loss and can lead to the destruction of neighbor-
hoods and the emergence of social ills. The ultimate fallout is that the neighbor-
hoods deteriorate to the point that more serious forms of crime  emerge, in which 
people do get physically harmed. Several recent papers have documented that violent 
and property crime is a growing issue in neighborhoods where foreclosures  have 
concentrated (   Immergluck and Smith  2006 ; Cui  2010 ; Goodstein and Lee  2010 ; 
Ellen et al.  2012 ; Katz et al.  2012 ; Arino and Baumer  2012 ; Arnio et al.  2012 ; 
Baumer et al.  2012 ; Jones and Pridemore  2012 ; Stucky et al.  2012 ; Wallace et al. 
 2012 ; Kirk and Hyra  2012 ; Wilson  2015, Forthcoming ). Evidence  about the long- 
term damage can be used to bolster cases against the fraudsters and work to increase 
their sentences, fi nes, reimbursement requirements, or other penalties by exposing 
the real damage they cause.  
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5.9.6     Monitoring Sales for Early Detection 

 There are few instances in which sales are likely to cluster , such as when new devel-
opments are fi nished or older neighborhoods are gentrifi ed, but like foreclosures , 
sales should not cluster in short periods of time either. Since we outlined that house 
sales are the fi rst indication of a geographic pattern, then a near repeat  analysis can 
be employed to detect for clustered sales patterns.   

5.10     Conclusion and Further Considerations 

 Research has concretely identifi ed that foreclosures  have spatial  patterns , but the 
detection of those patterns required some form of spatial analysis . We have demon-
strated a spatial analysis method to test for repeating patterns of foreclosures across 
space and time as a means to investigate  for mortgage fraud  and predatory lending . 
Because a near repeat  analysis only tests for the occurrence of the events them-
selves, the data can be partitioned for analysis along any number of criteria (see 
Grubesic and Mack  2008 ; Levine  2010  for other examples). Regardless of criteria 
used to partition the data, if a relationship exists in space  and time, then the pattern 
should be detected if parameters are appropriately specifi ed. Analyzing foreclosures 
with this method offers a new avenue of investigation  into the systematic processes 
of how foreclosures spread and concentrate. 

 This near repeat  method is founded on well-established geographic princi-
ples that explain the existence of spatial  patterns , including a time dimension. 
This method provides more credibility to investigations  because spatial patterns 
can simply form if enough time elapses. We fi rst determined that  spatial depen-
dence   was present among foreclosures  to form clusters  within short periods of 
time. We then revealed that  spatial heterogeneity   exists in which clusters varied 
across the landscape. These results present investigators  with specifi c areas to 
examine a specifi c group of loans for fraud  because they were anomalous along 
both dimensions of space  and time simultaneously, something which is unlikely 
to occur absent a systematic cause. 

 We were unable to test  routine activities  directly with regard to the interaction 
between motivated offenders , suitable targets, and lack of capable guardians  because 
we do not know which foreclosures  resulted from fraudulent activity. However, dur-
ing our analysis we did test the changes in activity with the Near Repeat  Calculator 
by examining patterns in years prior to the collapse (2003   –2005) with those at the 
peak (2006–2008), to which we found a substantial reduction in near repeat pat-
terns . In the latter time frame, the likelihood of repeat and near repeat foreclosures  
diminished by between 50 and 1,745 % in spatial  proximity  and the temporal  pat-
tern s – patterns across multiple intervals all but disappeared. These results suggest 
the reintroduction of capable guardians  in the form of banks being more judicious 
in lending, a moratorium on foreclosures, and the emergence of fraud  investigations  
as the housing market was collapsing. 
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 Our hope is that this analysis will prompt new thinking about how to examine 
loan fi les for evidence  of fraud  by using geography as a means to focus investiga-
tions  because there will never be enough time, people, or money to examine all 
loans for mortgage fraud  or predatory lending . A near repeat  analysis will not reveal 
the specifi c reasons underlying patterns of these crimes, but it will allow investigators  
or researchers to examine the groups of loans to potentially uncover those reasons. 
At the very least, this method can help investigators take more immediate actions to 
thwart fraudsters by identifying the areas where they will likely target in the future. 
If fraudsters are operating with geography in mind, or at least if their fraudulent 
activities form geographic patterns, then the use of GIS  cannot be ignored as an 
investigative  tool .     
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    Abstract     State governments in the United States register sex offenders  and provide 
to the public notifi cation of the location, identifying information and criminal history 
of these registered sex offenders  (RSOs). Four fi fths of US states use web maps  to 
achieve this goal. The design, content, and maintenance of these RSO web maps  
vary greatly. This chapter examines the history of registration of sex offenders, 
similarities and differences among RSO web maps and spatial  issues  related to 
them, as well as the use and misuse of these web maps.  

  Keywords     Geographic information  system  (GIS)   •   Web map   •   Registered sex 
offender (RSO )   •   Public notifi cation   •   Spatial  issues   

6.1         Introduction 

   …discipline tries to rule a multiplicity of men to the extent that their multiplicity can be 
dissolved into individual bodies that can be kept under surveillance , trained, used and if 
need be punished.... Michel Foucault, “Society Must Be Defended,” March 17,  1976  

   Noted philosopher Michel Foucault stated the ideas propounded in the above 
quotation as part of a series of infl uential public lectures that focused on state power 
and the regulation of the individual, in particular their sexuality. However, he was 
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not thinking of computerized registries of sex offenders  with online maps stored in 
a geographic information  system  (GIS), global positioning systems  (GPS) monitor-
ing, or residential restrictions based on spatial  analysis . These were all technologies 
that were nascent or nonexistent at that time and approaches to management of 
offenders  that did not develop for several decades. He was referring to the eighteenth- 
century innovation, fi rst systematically implemented in France’s Bourbon police  
state, of using population registries that “were used to ensure the spatial distribution  
of individual bodies (their separation, their alignment, their serialization and their 
surveillance ) and the organization around those individuals of a whole fi eld of vis-
ibility” (Foucault  1976 ). 

 The idea of registering population (not merely counting them in a census) existed 
in Sung Dynasty China before it did in France. Nonetheless, the modern approach 
was pioneered in France and introduced into other European nations by Napoleon 
whose invasive police  state systematically imposed registration requirements on 
residents and required workers to obtain identity cards (Broers  1999 ). It is notable 
that before the age of computerization and information networks, the French regis-
try system was vulnerable to criminals like Landru, the serial killer active between 
1915 and 1920 who simply registered in multiple  communes  under at least ten dif-
ferent aliases (Bardens  1990 ). Long before the concept of registration of criminal 
sex offenders  per se appeared, most continental European police agencies main-
tained detailed registries of all criminals, as well as tracked the residency and travels 
of the general population and they still do. 

 In contrast to the situation now existing in the United States of America (USA), 
the information in European registries is confi dential. Where the practice in the 
United States differs from every country on earth is that there is not only a process 
for registration of criminal sex offenders but that there is a nationwide mandate that 
each state provide a mechanism for the public to be notifi ed of the names, addresses, 
descriptions, photographs, and other characteristics of RSO’s. 

 This chapter will examine the history of that requirement, the use of web maps  
to meet that requirement in 41 of 50 states currently, and the great variations in 
the design and content of those web maps. The chapter also examines many of the 
spatial  issues  which are related to the accuracy  and interpretation of the data on 
those sites. The typical use and the potential for misinterpretation and misuse of the 
information will also be examined.  

6.2     Public Notifi cation Requirements and Methods 

6.2.1     Global Context 

 Public notifi cation of the names, locations, physical characteristics (including pho-
tographs), and criminal history of sex offenders  is a relatively recent development. 
It is also a situation that is unique in the United States. Most continental European 
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law enforcement  agencies  have a centralized authoritarian “police  state” tradition in 
which extensive centralized fi les are maintained, but information about criminals is 
not provided to the public. The United Kingdom has a more open approach but also 
is noted for protecting the rights of suspects and maintaining the confi dentiality 
of investigations  and files. The colonial police force s of Great Britain adopted 
a centralized authoritarian model, as did those of other colonial powers. These 
colonial police forces were the progenitors of those in most of the developing world, 
and the centralized model has also been attributed to the police of Japan. The United 
States has been noted for its exceptionalism with a decentralized and community-
oriented policing  approach historically (Mawby  2011 ). Developed countries including 
the United Kingdom (UK), Canada, Ireland, Australia, New Zealand, Germany, the 
Czech Republic, France, and Belgium all maintain computerized databases of sex 
offenders . In these nations, data on sex offenders is maintained in a GIS  either by 
the national police (in France, Belgium, and by the RCMP in Canada) or by a state 
police  agency (like the Bavarian State Police or Victoria State Police in Australia) or 
by a regional constabulary like the London Metropolitan Police. Germany and the 
United Kingdom in particular use GIS to study the spatial  distribution  of RSOs 
in relation to crime  incidents  (Leipnik and Albert  2003 ). In the United Kingdom 
information about the locations of approximately 32,000 sex offenders is confi dential, 
and only generalized locations of incidents involving sex crimes  are available to the 
public in online maps (Cheney and Ratcliff  2005 ).  

6.2.2     US Situation 

 In contrast, every state and territory and most Native American tribes in the United 
States have online web sites  that provide access by the public to detailed informa-
tion about approximately 700,000 RSOs and their locations on approximately 165 
offi cial web sites. There are a wide range of estimates of the number of RSOs in the 
United States ranging from about 325,000 to 747,408 (NCMEC  2013 ). The main 
reason for the differences in estimates is that every state, territory, and tribe maintains 
their own registries with inconsistent criteria, particularly for listing and removing 
low-level offenders . The double, triple, etc., counting of offenders in the registries 
of multiple states is a source of overestimation, as is inclusion of multiple aliases 
and failure to remove offenders after the expiration of registration, exoneration, 
deportation, or death. All these factors tend to infl ate numbers. Conversely, some 
offenders get omitted from some estimates. This includes juveniles and low- risk 
offenders. Also many states omit those RSO s that are institutionalized on an original 
charge, for reoffending, held on nonsexual charges or parole violations. RSO 
numbers are tending to increase because registration terms often are for life and 
the process only started in most states between 1996 and 2006. The information 
available on public web sites about these numerous RSOs generally includes data 
for those residing in the community and those that are incarcerated, in civil commitment, 
or those that have absconded or failed to register (Thomas  2011 ). 
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 State-maintained web sites  are the primary means of dissemination of this 
data, and there are also some private web sites with links to relevant data. An 
example of a map based on 2012 data from the National Center for Missing and 
Exploited Children (NCMEC) on the estimated 736,747 RSOs in the United States 
appears in Fig.  6.1 .

   It shows that California, large in size and largest in population, had the most 
RSO s with 73,944. There were great differences in the number of RSOs per 100,000 
inhabitants in each state counted by the 2010 census. The national average was 
235/100,000, but the small state of Delaware had the highest rate with 527/100,000 
and neighboring state of Pennsylvania had the lowest rate with only 69/100,000 
(NCMEC  2013 ). The NCMEC is one of the many organizations with data on the 
spatial  distribution  of RSOs; most state sites have web maps  available. There is, 
however, great variability in the design and content of such sites as well as signifi cant 
defi ciencies in them. For example, nine states, most territories, and all tribes lack a 
web mapping  capability. Many of those 41 states, Washington DC, and Guam that 
do have web maps have issues with missing data, outdated information, and 
RSO locations  that either cannot be geocoded  or are geocoded incorrectly. Every 
state and territory also has a large, diffi cult-to-quantify, and highly variable issue of 

  Fig. 6.1    Map of conterminous United States showing the number of registered sex offenders and 
rate per 100,000 population based on 2012 data from NCMEC and 2010 population estimates 
(Map prepared by Mark Leipnik, 2013)       
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offenders  who fail to register, abscond, or are in violation of the terms of their 
parole or of registration requirements (such as providing false information) or of the 
requirements of local or statewide residential restrictions.  

6.2.3     History of Regulation 

 Public notifi cation came about in the 1980s and 1990s in the United States as a 
result of growing anger by the families of victims  which was amplifi ed by television 
and online media and which generated a crescendo of public frustration that resonated 
with state level and then eventually national politicians. The resulting series of laws 
at the state and federal levels have been generally named for those who have fallen 
victim to predatory sex offenders . The fi rst of these cases, and the law it inspired, set 
the pattern for those that followed. It involved Earl Shriner, who was the kidnapper 
of two teenage girls. He served his entire 10-year sentence in a Washington State 
prison and was released in 1987. He was not paroled because he informed prison 
staff about his intention to attack children upon his release. Paradoxically, because 
he served his entire sentence, there was no legal  basis for his supervision after 
release. Neither was there a registration requirement, so his past crimes and 
proclivities were not easily accessible information. He then committed two more 
attempted sexual assault s on girls in 1988 and received short terms in local jails. 
Then in 1989 he attacked and grievously sexually mutilated a 10-year-old boy. 
Pressure on the governor and Washington State legislature stemming from public 
outcry led to three infl uential developments embodied in two laws: the Community 
Protection Act of 1990 and the Sexually Violent Predators Act of 1990 (   Washington 
State,  1990 ). These acts required the registration of all sex offenders  including 
details of their residence and work locations, current photographs and physical 
descriptions, and details of their crimes and prison records. Another requirement 
was a mechanism for civil commitment of predatory offenders, so these very rare 
criminals could be held involuntarily in treatment facilities after release from prison, 
whether deemed sane or not (Winick  2005 ). The third, and perhaps the most signifi -
cant feature of the 1990 laws, was the public notifi cation requirement. This required 
the “community” into which sex offenders were to be released to be notifi ed via 
media outreach, public meetings, or some other mechanism. Initially this notifi cation 
process took the form of evening public meetings in places like high school audito-
riums where local offi cials explained to often disturbed residents that a sex offender 
was being released back into their community. 

 The rapid development of the Internet  in the 1990s soon led to the obsolescence 
of public notifi cation via in-person meetings or notices in print or broadcast media 
with that approach being superseded by web-based methods and in most states 
(including Washington State) by web maps . Although Washington was the fi rst state 
to institute a public notifi cation requirement, other states also had incidents that 
resulted in similar state laws. The Minnesota Predatory Offender Registration Act 
of 1991 was enacted in response to the abduction of 11-year-old Jacob Wetterling. 
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This act required a 10-year registration for sexual offenses involving children. 
In 1992 Louisiana adopted a particularly stringent law that included registration, an 
option for “chemical castration,” extensive public notifi cation, and the optional 
emplacement of yard signs and placards on automobiles of RSOs (Louisiana State 
Police  2012 ). Unlike Washington and Louisiana, Minnesota did not require public 
notifi cation or provide public access to the registry and in fact as of 2013 Minnesota 
remained one of only nine states that did not have an offi cial RSO  web map . 
Minnesota today provides a web site  without mapping  capabilities, but that is 
publicly accessible in response to the 1996 federal requirements of “Megan’s Law.” 

 Megan’s Law originated in New Jersey, which along with Tennessee, Alaska, 
Indiana, and 18 other states had by 1994 adopted some variation of registration 
of sex offenders . The New Jersey law was in response to the rape and murder  of 
7-year- old Megan Kanka, a girl that had lived on the same street as her killer, a man 
with a record of multiple previous child sex offenses. This criminal embodied a 
combination of a child murderer, a sex criminal, a recidivist, and an unsuspected 
and apparently harmless neighbor. This man represents the type of offender  that the 
public appears to fear most and demand protection from to the greatest degree. 

 These fears however are typically overblown since most sexual crimes do not 
involve children and of the 60,000–70,000 arrests each year in the last decade in 
the United States for sex crimes  against children, only 40–50 each year involve 
homicide  (Finkelhor  2008 ). Also recidivism among sex offenders  is not particularly 
high. A 1994 Bureau of Justice Statistics (BJS) study indicated that only 5 % of sex 
offenders  were rearrested for another sex crime  within 3 years of their release (BJS 
 1994 ). Another 2003 study found that only 3.3 % of released child molesters were 
again arrested for committing another child sex crime within 5 years (BJS  2003 ). 
BJS data from 2007 indicate that within 3 years of release, 2.5 % of rapists are 
rearrested for rape compared with over 70 % of burglars and car thieves rearrested 
for these other crimes, respectively (BJS  2007 ). Despite these fi ndings, restrictive, 
and in some cases severe, laws related to sex offenders proliferated in the 1990s and 
2000s. The proliferation of similar, but distinct, state laws proved this issue was 
politically a highly popular one for state legislators to embrace. 

 This encouraged US Congress in 1994 to begin the process of enacting seven 
separate laws on the subject, usually at 2-year intervals in election years (1994, 1996, 
1996, 1998, 2000, 2003, and 2006). Five of these laws are important, while two 
represent minor adjustments to the others. The fi rst federal law was the Jacob 
Wetterling Crimes against Children and Sexually Violent Offender Registration 
Act of 1994 (revised in 1998). The law required registration by states, territories, 
and tribes of those persons who committed violent sex crimes  and all sex crimes 
involving children, even if not violent. The establishment of registries by the states 
in response to this law was not instantaneous (Stimson and Noronha  2011 ). Civil 
liberties groups like the American Civil Liberties Union opposed the registration 
requirement at state and federal levels and were especially effective in Massachusetts 
which was the last state to enact RSO  registration 4 years after passage of the 
federal mandate. The federal law did not specify much detail about the information 
to be maintained in the registry and left it up to states to enact their own laws and 

M.R. Leipnik and X. Ye



111

develop their own procedures for enforcement which were generally somewhat 
different in each state. In this it set the pattern for later federal laws relating to 
registered sex offenders . Since a sex crime  is in most cases not a federal offense, 
it must be punished and felons regulated by the adoption of laws in each state. 
In this regard, the several states are serving as “laboratories” for the evolution of a 
range of sex offender registration  and public notifi cation approaches, some more 
effective than others. 

 The most famous of these series of federal laws was “Megan’s Law” of 1996. This 
is such a well-known statute that the term “Megan’s Law” has become synonymous 
with information about RSO s as in  Megan’s Law map  or  Megan’s Law list . It was 
modeled on the New Jersey statute of the same name. The federal version requires 
registration by each state of rapists and child sex offenders  and “community notifi -
cation” by every state of the location and characteristics of RSOs, typically by 
means of state-maintained web sites . But the federal law does not mention the 
concept of web mapping  nor do the state laws enacted to comply with it. Federal sex 
crimes  also incur public notifi cation; this along with web-based coordination among 
states was required by the Pam Lychner Sexual Offender Tracking and Identifi cation 
Act of 1996. It mandated the establishment of a federal database on RSOs to help 
track offenders who moved from one state to another. This law was strengthened in 
1998 by the requirement that a link to all the state web sites that were mandated by 
Megan’s Law be maintained by the federal government. The most recent addition to 
this arsenal of laws was the Adam Walsh Child Protection and Safety Act of 2006. 
This law addressed a weakness in state notifi cation requirements in that that they 
often lacked any risk assessment information. This meant that someone guilty of the 
more common but minor offenses of “statutory rape” or indecent exposure was not 
easily differentiated from the much rarer but more dangerous violent predator on a 
state’s web site. This law provides a mandate to the states that the risk of RSOs to 
the community be assessed and made publicly available (Ackerman et al.  2011 ). 

 The Adam Walsh Law posed a challenge to state governments since it required 
that offenders  “risk” needed to be assessed in some formal manner, an assessment 
that is then subject to legal  appeal and reassessment at a later time due to changed 
circumstances. Assessing the risk of RSOs is a costly, complex, and controversial 
process (Craig et al.  2008 ). The law mandated a three-tier risk assessment system. 
Tier III were high risk (usually violent rapists or child sex predators), tier II were 
moderate risk (often repeat offenders), and tier I were low risk (usually those guilty 
of nonviolent sex crimes  or a single offense involving an adult victim ). The law also 
stipulated that high-risk juvenile offenders continue to be registered after they turn 18. 

 The federal law sought to impel each state to adopt its own version of this law by 
withholding 10 % of federal law enforcement  grant funds if it failed to comply. Seven 
years later, only Alabama, Delaware, Florida, Kansas, Louisiana, Maryland, Michigan, 
Mississippi, Missouri, Nevada, Ohio, Pennsylvania, South Carolina, South Dakota, 
Tennessee and Wyoming, and Guam, the Northern Mariana Islands, and the US Virgin 
Islands had complied (National Conference of State Legislatures  2013 ). It is notable 
that all the compliant states have web maps  of RSOs. But 34 states and the District 
of Columbia have not complied. That means most states including the three most 
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populous are not in compliance with the law. In fact several states including California 
and Texas are not complying because they have performed cost-benefi t analysis show-
ing that a loss of 10 % of federal grant monies would be less than the cost of comply-
ing. Oddly, Texas has risk information about RSOs publicly available in its web maps, 
but chooses not to comply (U.S. Senate  2009 ). 

 Another problem with the system of having the federal government mandate a 
rather vague set of requirements for registration and public notifi cation but leave it 
up to states to adopt their own laws to implement the mandate is that there is not a 
uniform national system of public notifi cation. This lack of uniformity can be rapidly 
grasped by a close look at the web sites  maintained by each of the 50 states. The 
design, ease of use, and information content of these web sites is markedly different. 
As the detailed discussion in the next section will show, the design and content of 
these sites vary widely and some are dysfunctional, making it diffi cult for users 
to comprehend their proximity to RSOs and hence take prudent defensive measures 
or rationally assess risks either individually or as a society (US Senate  2009 ).   

6.3     Web-Based Mapping of Registered Sex Offenders 

 The biggest difference among states with respect to public notifi cation of the 
locations and details of RSOs is that some states have web sites  with web maps  and 
some lack web maps entirely (see Fig.  6.2  for a map of the conterminous United 
States highlighting those states that do and do not use web maps).

   The 13 states using the  Offender Watch   approach and Tennessee, Maryland, 
Missouri, and Pennsylvania feature particularly high-quality web maps . See Fig.  6.3  
for an example of a map generated from Tennessee’s very well-designed web site .

6.3.1       Lead Agency 

 The question of which agency is responsible for the RSO  web site  is somewhat 
simplifi ed by Megan’s Law being a mandate at statewide level, so it must cover every 
jurisdiction within a state. There exist over 18,000 law enforcement  jurisdic-
tions in the United States with complex overlapping responsibilities that engender 
cooperation and confusion (Leipnik et al.  2013 ). However, at the state level, there 
are fewer “usual suspects” that could take responsibility for an RSO web site . In 
states that do not have web maps , it is generally the Department of Corrections or 
the Board of Paroles or state police  that has authority for the maintenance of the 
tabular registry. 

 Of states with web maps , only Utah and Wisconsin have the responsibility given 
to the Department of Corrections. Utah uses the  Offender Watch   approach, while 
Wisconsin uses the  Family Watchdog  web site . In Maryland, a state with a very good 
web map, largely developed at Towson University which uses a customized base 
map  from Esri, Inc., the site is a joint effort of the state police  and Department of 
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  Fig. 6.2    Use of web maps for RSO notifi cation by states in conterminous United States in 2013 
Note that in 2014 Alaska also created a RSO web map. (Map prepared by Mark Leipnik, 2013)       

  Fig. 6.3    Map of registered sex offender locations using Tennessee’s top-quality web site. 
Tennessee Bureau of Investigation, 2013.   http://www.tbi.state.tn.us/sex_ofender_reg/sex_ofender_
reg.shtml           
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Corrections. This is the only site that is a joint undertaking. In most states the state 
police  are responsible for the web site, and states with a powerful state police such 
as Michigan and Delaware have good sites. Several states have a State Bureau of 
Investigation which is not a highway patrol or state trooper-type organization, but a 
specialized crime  investigation  agency. Kansas, Kentucky, and Tennessee all have 
these agencies, and they are responsible for the RSO  web maps . Alaska has a very 
active state police but until 2014 no web maps. The new web site is managed by 
them and has many “unmappable” offenders along with those mapped at locations 
such as public docks and fi sh cannries related to the apparent concentration of 
transient RSO’s in that trade. Hawaii, another atypical state, has a state police with 
few responsibilities beyond guarding state offi ces, and there the Attorney General is 
responsible for a limited RSO web, notable for using only one type of symbol for all 
offenders . Hawaii is like California, Ohio, and North Carolina in that the State 
Attorney Generals are responsible. In New York State, the Criminal Justice Services 
Department is responsible. Arkansas is unusual in that they have a State Crime 
Information Center that developed the web maps.  

6.3.2     Offender Watch  

 The states of Alabama, Connecticut, Illinois, Indiana, Kentucky, Louisiana, New 
Mexico (in 2013), Ohio, South Carolina, Utah, Vermont, and Washington (and in 
late 2013 Michigan will be added) all share a similar approach that features high- 
quality online RSO  maps and intuitive tools for navigating the data displayed. This 
approach is  Offender Watch   and is developed and maintained by the fi rm Watch 
Systems, Inc., based in Covington, Louisiana. Figures  6.4  and  6.5  contain the Porter 
County Indiana, gateway page, and the locations and pixelated names of RSOs 
living in downtown Salt Lake City, Utah. Watch Systems was founded in 2001 and 
has numerous clients both for mapping  RSOs and at county appraisal districts which 
use web-based GIS  tools for public access to property tax-related information.

    The fi rst state to use the Offender Watch  approach was Ohio, and more have 
adopted this approach recently including New Mexico and Illinois which both 
replaced earlier internally developed RSO  web maps . Watch Systems hosts the sites 
on its server which provides reliable access. Access to certain other state- maintained 
web sites  is problematic, for example, Missouri’s RSO site had multiple issues with 
calling geocoding  functions and displaying base maps  and the Pennsylvania’s 
RSO site was down for extended periods in 2013. Watch Systems has 12 years of 
experience in RSO web mapping  serving 13 states, so clients benefi t from econo-
mies of scale in use of a common high-quality base map, in design of effective tools 
and user interfaces, in system administration, in error detection and correction, and 
in rapid update of information versus developing and maintaining an internal web 
site and map server in each state with similar capabilities (Roberts  2013 ). 

 The Offender Watch  approach allows the public to search for information using 
a map primarily to locate points representing RSO  locations  or alternatively 
generate a tabular list of names. A list of names of RSOs is determined based on a 
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geographically specifi ed area like a county, zip code zone, city, or street address, 
or alternatively information on a single RSO can be obtained by entering a name 
(or alias). If a street address is chosen as the basis of a starting location, then a buffer 
zone  of various radii can be generated around that location so RSOs residing in that 
area can be identifi ed. Once a single RSO of interest has been selected, users then 
have the option to go back to a map to see the primary and/or secondary residence 
of the offender . Although the excellent cartographic design of all 13 Offender Watch 
State’s web sites  is very similar, there are differences in approach. For example, the 
size and number of buffer zones and whether or not incarcerated offenders can be 
excluded at the outset from the search. 

 It is also interesting to note that many county and local law enforcement  agencies  
use the Offender Watch  approach independently of a state agency. Some of these are 
in states without web maps  of RSO s, but many are in states with offi cial state RSO 
web sites , but where for various reasons local authorities have chosen to adopt what 
they consider a superior approach. For example, offi cials with the Saint Lawrence 
County, New York Sheriff’s Offi ce, use Offender Watch to notify the public about 
offender  status as well as submitting the information to the state of New York’s 
offi cial web site . In New York State when an offender moves or changes jobs, the 

  Fig. 6.4    Porter County Indiana’s gateway page, served and designed as are all Indiana County 
Sheriff’s RSO pages by Watch Systems. Porter County Indiana Sheriff’s Offi ce, 2013.   http://www.
portercountysheriff.com/main/sexoffender.html           
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local agency monitoring them submits a form by surface mail or by fax to a state 
offi ce in Albany, and it can take a month for the information to be updated and 
refl ected on the state’s RSO web map . This paper-based process is antiquated 
compared to the online submission of updated information to Watch Systems. 
Local people in Saint Lawrence County were complaining that the state RSO web 
maps and databases did not refl ect changes in offender locations they were aware 
of (Watch Systems  2013 ).  

6.3.3     Quality of Web Maps 

 The states that use Offender Watch  such as South Carolina, Utah, and New Mexico 
along with Washington DC, Tennessee, Maryland, Missouri, and Pennsylvania have 
custom-designed interactive web maps  of high quality (see Fig.  6.6  for an image 

  Fig. 6.5    Map from the Utah Sex Offender Registry web site of RSO locations in Salt Lake City 
Utah using the Offender Watch approach. Utah Department of Corrections, 2013.   http://www.
communitynotifi cation.com/cap_offi ce_disclaimer.php?offi ce=54438           
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from South Carolina’s RSO  web map ). These “good” maps feature many advanced 
cartographic design concepts that are typical of web maps developed in the period 
since 2005.

   While the evaluation of the quality of cartography used in base maps  as well 
as the ease of use of tools and range of analysis capabilities is a complicated and 
somewhat subjective topic, there are some basic differences between high-quality 
web maps  and basic ones. For example, if all street centerlines have only one line 
weight (thickness) and one line color that is worse in terms of design than where 
an appropriate range of weights and colors are used, if contrasting and connotative 
colors are chosen that is better in design terms than where the color choice is rather 
arbitrary, if appropriate cartographic generalization is used, if additional layers 
are added based on scale ranges, and if label placement is effective—these are all 
important features of “good” web maps. Well-developed tools for pan and zoom 
and the ability to generate multiple buffer zones  and add or subtract layers are also 
important attributes of high-quality web maps. 

 The full range of issues surrounding cartographic design of web maps  is outside 
the scope of this chapter, but it is not diffi cult to identify advanced maps such as 
those of states like Tennessee and the Offender Watch  states from those of states that 
rely on the good but not customized maps generated by Google , Bing, and other 
mapping  service s and the inferior efforts of some other states such as California 
(see Fig.  6.7  for an RSO  map of Santa Barbara, California). The quality of cartographic 
design in the content of digital maps is discussed by Slocum et al. ( 2008 ), while the 

  Fig. 6.6    Map of South Carolina RSOs offenders using Offender Watch cartographic design. South 
Carolina Law Enforcement Division, 2013.   http://www.communitynotifi cation.com/cap_main.
php?offi ce=54575           
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more specialized issue of the quality of cartographic design of web maps is further 
discussed by Aileen Buckley of ESRI, Inc., in an online article (Buckley  2011 ).

6.3.4        Interactive Features 

 Until the recent adoption of the Offender Watch  approach, Illinois had an early version 
of the web mapping  approach which featured quite generalized base maps  and 
limited pan and zoom functions, and California shares some of these characteristics 
which is a refl ection of early adoption of the approach but also a lack of revision of 
the web site  design as newer approaches have become the standard. This might 
refl ect budget woes which are particularly acute in the most populous state (Leiphon 
 2008 ). One redeeming feature on the California web site is that once a specifi c RSO  
has been identifi ed, there is an option to send the state a text message with a report 
on this specifi c offender . Such a function is an important aspect of a proactive 
approach to managing sex offenders. Every RSO web site  has contact information, 
and many have features where the users can obtain additional information or 
view material on how best to use the information or learn more about protecting 
themselves from sex offenders. Some sites allow users to receive email alerts if an 
offender moves into proximity to them. The Offender Watch approach lets users 
register for email alerts as well as submit either corrections or “tips” related to specifi c 
offenders. For example, Mercer County Ohio’s Sheriff’s Department web site has a 
tab for “sex offenders” which opens another web page that lets users receive email 
alerts if an RSO locates within a 1-mile buffer zone  of an address they have 

  Fig. 6.7    Basic map from California’s RSO web site of Santa Barbara area. State of California 
Offi ce of the Attorney General, 2013.   http://www.meganslaw.ca.gov/           
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designated and/or moves into the county. This site also features an imbedded 
video of Shaquille O’Neal discussing how Internet  predators can be avoided 
and suggesting users down load software to shield children browsing the web from 
predators. All counties in Ohio have similar capabilities. 

 Whether the maps are sophisticated in design like those of Ohio or more basic 
like those in California, the maps are essential to navigating the information spa-
tially. However, an easy-to-use means of sending information back to the agency 
about a specifi c sex offender  is a very valuable truly interactive public participation 
feature (Sieber  2006 ). Of course the value of tips can be questionable, and as in all 
communications to law enforcement  particularly those protected by the apparent 
anonymity of the Internet , the proportion of spurious and duplicative information 
may be quite high. The ability to send a “tip” may however reassure the public and 
can lead to the prevention of crime  as well.  

6.3.5     Map Mash-Ups 

 There are a large number of states that use Google  Maps  mash-ups, including such 
diverse places as Hawaii, Iowa, Arizona, and Mississippi. A Bing Maps mash-up is 
used by Michigan, and in North Dakota, Yahoo Maps are used. Some maps feature 
sophisticated designs such as that of Montana, and some are much cruder carto-
graphically such as those of Oregon. 

 Once an RSO  has been identifi ed, his or her address information is submitted 
to these cloud-based sites and geocoded . It can take a while for reported errors in 
geocoding to be addressed by fi rms like Google , and most errors are probably never 
reported by users. If the location can be successfully geocoded, then it can then be 
displayed on a user-selected type of base map . The choice of base map ranges from 
just the use of a conventional street map alone as in Iowa and Kansas (perhaps due 
to limited topographic relief) to one with hill-shaded terrain in the background as 
in Arizona and Arkansas to a satellite  view as in Colorado and to an option for a 
hybrid of streets and a satellite view as in Montana and Idaho. Only in New York 
does there seem to be an option for seeing RSO locations  displayed atop a “bird’s-eye 
view” using high-resolution oblique aerial photography  as a base map, perhaps because 
of the preponderance of high-rise urban structures in the places with the most RSOs 
in New York State. Two states (Nevada and Wisconsin) have only a link to a relatively 
poor cartographic design private web site  called Family Watchdog which features 
context-related pop-up ads such as offers to expunge ones criminal record.  

6.3.6     Symbolization of Offender Locations 

 The manner in which offender locations are symbolized varies greatly as does the 
provision of information about risk, status (i.e. “compliant”, “incarcerated”, etc.), 
and whether the location portrayed is only the primary residence or (in some states) 
a secondary residence; place of work and place of education (if the RSO is in school) 
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are included. The Offender Watch  states allow users to select “other addresses” 
which include secondary addresses for a specifi c offender in some states, but in 
other states like New Mexico, only information on a single primary residence 
is available. 

 The offender  locations on every RSO  web map  are symbolized with point marker 
symbols only, although often a range of three or more primary colors and or a range 
of up to six different symbols are employed. New Mexico until 2013 used small 3D 
human fi gures, and Virginia uses a 3D symbol for a home or offi ce or school 
location, but most commonly a drop point (an inverted teardrop symbol) is used. 
Push pin symbols and lozenge-shaped symbols are used as well. One can conceive 
of a situation where an area fi ll might be appropriate, for example, if an RSO owned, 
lived on, or worked on a large property. There are certainly cases of RSOs living in 
rural areas were a point symbol does not capture their location very effectively. 
Of course the disclaimers on most state RSO web maps  indicate that symbol 
placement is approximate.  

6.3.7     Attribute Data 

 Every state allows the public to obtain information on the web about the fi rst and 
last name, age, gender, eye color, hair color, and addresses of offenders . Louisiana, 
which has a severe sex offender  registration  law, has in addition to this information 
data about any aliases used, current and past primary and secondary residences, 
place(s) of work, place(s) of schooling, make of car(s), model of car(s) and license 
plate number(s), home phone number, IP address, scars, tattoos, and very detailed 
information about the crime  as well as level (tier I, II, or III) information. 

 Most states have color photographs of all offenders  on their web sites . However, 
other states, notably New York, have only one that is often grainy and frequently in 
black and white in some cases it appears to be a decade or more out of date. However, 
an analysis of the spatial  location of offenders with poor-quality photographs posted 
on the New York State RSO  web site indicates that most of these are in cases of 
incarcerated offenders based on the associated addresses being an institutional 
setting. Conversely, most states have high-resolution color photographs, and some 
states have multiple angles and different dates displayed. In states such as Florida, 
these images and other summary details like name and tier information pop up on 
the map when a point location associated with an offender is queried (see Fig.  6.8  
for an example of a Gainesville, Florida, RSO map).

   In many states, the detailed attribute data appears in a summary form displayed 
below the map for all the offenders  whose locations are displayed on the map. This 
approach is taken by the “Offender Watch ” states. For these states, a sequential 
number starting at 1 appears in the symbols on the map of RSO  locations , and this 
number relates to a number in the list which appears below the map of detailed 
attribute data for the offenders displayed on the map, and thus the information can 
be correlated. Arkansas uses a letter inside the point location symbol with the 
same intent, but if more than 26 RSOs are on the map, this approach is problematic. 
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Many states have an approach where if there is a concentration of offenders, the 
map will be symbolized with a symbol indicating that there are “multiple offenders 
at this location.” This is the case in California and Colorado, for example, and it is 
a good idea given the high density of offenders in the urban areas in these two 
states. It is particularly important that multiple offenders at the same address be 
differentiated in states which do not exclude incarcerated offenders from the map. 

 At the state level there is typically only one offi cial RSO  web site , but many 
cities and counties have their own sites which link to statewide sites. San Jose 
municipal police  in California is an example of a city with its own web site ; likewise 
Broward County, Florida, and Rockland and Saint Lawrence County, New York, 
have their own sites. A unique variation is used by Ohio and Indiana which uses the 
same base map  as all the states using the Offender Watch  approach, but they have a 
statewide gateway page that then appears to users to link to the web page of each 
county sheriff’s department. 

 Alternatively, a user can go directly to the county sheriff’s offi ce RSO  web site  
which has the same design for every county in the state, except that it has the name 
of the county, a picture of each county sheriff and specifi c contact information for 
that county. One can search for offenders  in any county in Indiana starting from any 
of these seemingly independent county sheriff’s offi ce web sites  as long as a valid 
address is supplied (see Fig.  6.4  for the Porter County Indiana RSO web map  

  Fig. 6.8    Advanced map generated by Florida’s RSO web site of Gainesville, Florida area. Florida 
Department of Law Enforcement, 2013.   http://offender.fdle.state.fl .us/offender/homepage.do           
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gateway page). For users it seems the information is locally maintained, but in fact 
the data is statewide and the application is built and maintained on servers in 
Covington Louisiana by Watch Systems, Inc. 

 Most states also have some information about the crime  that resulted in registration. 
However, some states like Minnesota have only the most general details (i.e., “rape,” 
“sexual assault ”), while some other states like New York and Texas have specifi cs as 
to the nature of the offense(s), the date it occurred, and the age and gender of the 
victim (s) as well as details on punishment(s) and restrictions. 

 In no state is the name of the victim  or their location revealed, but potentially 
victims may discover that information on these web sites  could be used to partially 
identify them. For example, victims of incest might discover that the last name of 
the parent or sibling involved could be determined along with the age of the victim 
and in a small town someone could make the connection, although the data is likely 
only to reveal that there was a sexual assault  of a child of a certain age rather than 
the case being one of incest. The revelation of the last names of some victims and 
any associated emotional damage has to be balanced against the potential for 
preventing another crime . Only in Iowa is the age range of the victim and gender of 
the offender  symbolized on the map however. 

 Providing the public information about the locations and characteristics of sex 
offenders  can lead to harassment  and criminal actions directed against them. All RSO 
web sites  contain warnings that it is a crime  to misuse the information contained in 
them. There is good evidence  that RSOs have been the victims  of harassment, and 
assaults  and a number of cases of arson  mostly in rural areas are associated with sex 
offenders  and attributed to the attempt to drive them out of the area. 

 In 2006 there occurred the murder  of two RSO s living 25 miles apart in Maine. 
The confessed killer was Stephen Marshall, a 20-year-old mentally disturbed 
Canadian “survivor” of child sex abuse who crossed the border and armed himself 
with two guns and a list of 29 names and addresses of RSOs in Maine he obtained 
from the state police  web site . He used web maps  and his personal laptop to fi nd and 
stake out the homes of six RSOs, and he went on to kill two of them. It is instructive 
that both of the victims  were guilty of relatively minor offenses. One was a 24-year- 
old named William Elliot who was registered for “statutory rape” of his teenage 
girlfriend. The other had committed a single nonviolent offense against a child many 
years previously; he was 57 years old, married, and working. In 2008 in Washington 
State, two RSOs were murdered by Michael Mullen seeking revenge for wrongs 
committed by an unrelated sex offender (Blanco,  2012 ) . 

 The inclusion of information about the IP addresses of computers used by RSOs 
and their membership in social networks  (some states prohibit certain RSOs 
from joining or using social networks like Facebook) can be a very valuable tool. 
However, it is quite easy for knowledgeable persons with ill intentions to create and 
use an assumed IP address or in some cases get near a home with an unsecured 
wireless network and use an assumed IP address that is then “hijacked.” A 2013 case 
in Montgomery County, Texas, illustrates the downside of providing the IP address 
information of RSOs to the public. In this case, messages, sexually explicit photos, 
and later sexual contact were made with a young girl who was a member of a family 
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that a man had a grudge against. He used a stolen IP address obtained from the state 
web site  of an RSO  residing near his target family to make a series of illicit online 
contacts. After the criminal conduct was discovered, the RSO was initially suspected, 
but the actual criminal was eventually apprehended and held on multiple charges 
including falsely incriminating the RSO (Glenn  2013 ). This case illustrates the 
potential for information about IP addresses to be misused. There is also the high 
potential for harassment  of RSOs over the Internet, and as more and more jobs 
depend on web access, there may also be a tendency to preclude offenders  from using 
an essential part of modern life, which may harm their successful rehabilitation.  

6.3.8     States Without Web Maps 

 Eight other states have no link to any web map whatsoever. But that means that 42 
of 50 states do use web mapping  to disseminate information about RSO locations 
and details. These details generally include one or more photographs of the offender , 
personal information about the offender, and other salient information like details 
of their crimes. However, because the provisions of Megan’s Law only require 
registration and public notifi cation and do not specify if all offenders must have 
their information released, nine states have opted to not use a GIS  as a means of 
doing so, while other states only release information on some offenders (such as tier 
II and tier III) and most do not release information about juvenile offenders although 
Iowa does for the most serious offenders. 

 Figure  6.2  shows the states in the conterminous United States that use web maps  
and those that only have searchable tabular lists of RSOs. Also one should note that 
Both Alaska and Hawaii have web maps, but Alaska only initiated the map in late 2013. 
Also Washington DC and Guam do have web maps of RSO  information , but Puerto 
Rico, the US Virgin Islands, American Samoa, and the Northern Mariana Islands 
lack them. At present none of the 109 Native American nations, tribes, and 
bands that have RSO web sites  have web maps on those sites. There is a map on the 
National Sex Offender web site  that shows those states that have Native American 
entities within them and alphabetical list of all 165 states, territories, and tribes that 
maintain RSO web sites with a link to the selected site, but not a centralized nation-
wide web map maintained by the US Department of Justice (NSOPW  2013 ). 

 Based on an analysis of the spatial  distribution  of states that use of web maps  for 
disseminating information about RSO  locations , one thing stands out and that is that 
New England has been resistant to adopting web mapping  of RSOs. In New England, 
only Vermont and Connecticut have such a capability and those were recent actions. 
Another thing that states that lack such web maps have in common is that most are 
small in size; this could be a coincidence since New England has much smaller than 
average sized states. One can argue that rather than the limited spatial extent of 
New England states, what is at work is a politically induced hesitation at revealing 
information about RSOs. The American Civil Liberties Union (ACLU) is infl uential 
in New England, and they have opposed registration and particularly effective 
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public notifi cation in legislative hearings and in court  challenges. Web mapping is 
likely to be a highly visible means of public notifi cation and therefore might be 
considered particularly objectionable (ACLU  2001 ). 

 The lack of RSO  web maps in Alaska until 2013 was arguably largely attributable 
to Alaska’s large size and the sparse population and the consequent diffi culty in 
mapping  offenders  in the wilderness who do not live or work at valid street addresses. 
Imagine the diffi culty in geocoding  a cabin hundreds of miles from a valid street 
address or the work locations of a trapper or fi sherman. While GPS  could be used to 
do this, no state has a requirement that GPS be used to determine valid addresses of 
RSOs. Some of the mapped locations in Alaska of RSO’s are in harbors refl ecting 
that they “reside” on fi shing boats, many other offenders in Alaska cannot be mapped 
at all. The growing use of GPS, along with radio frequency (RF) technology, in 
electronic monitoring of many RSOs raises this as a likely future development 
(Vollmann  2009 ). Not all states that are largely wilderness lack web maps (Montana 
and Wyoming have good ones), but Nevada just barely has such a capability. 
Both Alaska and Nevada share the situation where most of the state is uninhabited 
wilderness except for one major urban area. Both the Anchorage and Las Vegas 
police  department s actively use GIS  and keep information about RSOs in their 
community in their internal GIS, although that information is not part of the publicly 
available crime  maps generated on the Las Vegas Crime View Community web site  
that otherwise contains a great deal of data, including locations of various sex crimes , 
if not the criminals involved (Omega Group  2012 ). 

 Georgia is a state whose failure to use web maps  is puzzling. The diffi culty in 
parsing RSO  information  in a large state with a major urban area is well illustrated 
by using the Georgia State Bureau of Investigation’s RSO site to explore the issue 
in Fulton County. For any county in Georgia, one can rapidly obtain an alphabetical 
list sorted by the last name of all RSOs in that county and by going through the list 
get information about their address and view their pictures. 

 For many rural counties, this approach works quite well. But it works poorly in 
a county with a population over one million. How can users extract useful information 
from a list that starts with “Aaron” and runs through “Zeigler” and that requires users 
to scroll through 155 pages with details on 10 RSO s displayed per page? Answering 
the question “which of these 1,550 offenders  is living, working, or going to school 
in close proximity to my family among the more than 1 million residents of Fulton 
County?” is a challenge to potential users. Thus in the county where the most people 
and RSOs in Georgia live, the state web site  is least effective.   

6.4     Spatial  Issues 

 The spatial  analysis  of RSO  information  can be used to understand the proximity of 
offenders  to one’s family, to vulnerable populations, and to crime  incidents . Spatial 
analysis could also be used to help site outreach and treatment facilities, optimize 
home visits and other supervision efforts, and even determine optimal locations for 
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offenders to live and work. There are a variety of spatial accuracy  and precision 
issues that crop up with respect to RSOs. One important set of issues involves the 
geocoding  of RSO locations . There are a whole range of issues involving precision 
and accuracy as well as privacy  concerns related to geocoding. Then there are 
spatially based strategies for determining proximity of RSOs to locations of interest 
which might be accomplished through buffer zone  generation or by spatially based 
view and query and the issue of how the information in RSO web maps  is interpreted 
and used by the public (as well as law enforcement  professionals that may also use 
the web sites ). 

6.4.1     Geocoding Issues 

 Geocoding of sex offender  residential locations is generally accomplished using 
street centerline data such as that created initially by the US Census Bureau for the 
TIGER product (Harries  1999 ). This data has been enhanced by fi rms like TomTom 
(since 2012 owned by Apple and the basis of Apple Maps) and Navteq by using 
GPS -equipped cars to drive many roads, but in any case has an address range for 
each side of each street as well as street name, street type, street direction, and other 
locational data such as city, zip code, county, and state. This approach used fi rst in 
US Census data structures like TIGER is termed “dual address range.” An RSO is 
required to submit an address to the state government agency in charge, and this 
address is entered in an RSO list along with many other details mentioned above. 
However, often it is a local agency which actually collects and monitors addresses 
associated with RSOs. These agencies then report the addresses, especially if they 
are places of work or the offender  has moved to a new address recently. Some 
offenders move frequently, and depending on the state, community, and nature of 
their offense, they may have restrictions or none placed on their movements. 

 In many cases the address may not match a valid address, but that by itself is not 
a violation of restrictions on sex offenders . This is a very common problem. Rural 
areas are likely to have geocoding  issues because a home (often a trailer home) may 
not have a physical mailing address. In that case they might have a rural delivery 
route address, a PO box, or only a zip code as their address. Efforts to provide 
physical addresses for all residents in rural areas in order to help emergency 911 
dispatching will also improve this situation. If a rural address that lacks a physical 
location is provided to a state that maintains a web map  of sex offenders , then it may 
be noted as “unknown address” or “address cannot be mapped” or “rural address” 
and not mapped  at all. In some other cases, an attempt is made to geocode the 
inadequately specifi c address, and the address may end up being geocoded but 
appear at the wrong location. 

 An analysis of all 396 RSOs residing in Saint Lawrence County, New York, in 
2013 indicated fully 155 did not have addresses that the state of New York could 
geocode  accurately. This is a rural county with many sex offenders  due to the 
presence of two prisons and a state psychiatric hospital, and most of the incarcerated 
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offenders  were mapped . However, many of those were mapped based on a post offi ce 
(PO) box address for a state prison  and ended up being located on Main Street in the 
county seat which is physically where the post offi ce is located and not mapped to 
the state prison which was located several miles away. In the same county, several 
unrelated RSOs who only had zip codes for locational information were mapped as 
residing at the center of a large fallow fi eld, and others were shown as residing in 
the middle of various forested tracts, and these locations appear to be zip code 
centroids. The availability of aerial imagery on the New York RSO web site  helps 
users see that some locations are inappropriate, but many states only use street map 
data which would less clearly indicate incorrect geocoding of offender locations. 

 It is important to understand that the addresses will not necessarily geocode  directly 
on top of a single home or apartment building. The intention of the geocoding 
of RSO  locations  is to give an approximate location. Usually, only the block the 
offender  lives at will be identifi ed. Often this location will be in the middle of the 
street. In other cases it is on the wrong side of the street. It may often happen that an 
RSO location is closer to a residence where he or she does not reside than to one 
where they in fact reside. Alternatively, the point representing the offender location 
may be close to a large highly visible residence when the offender in fact resides in 
a small residence hidden in various ways such as under tree canopy, at the back of a 
farm building, or in a small travel trailer. In other cases, mostly in rural areas, the 
RSO location is not in question because there is only a single residence on the entire 
block (or even the entire street).  

6.4.2     Multiple Location Issues 

 In densely populated urban areas, the geocoded  location may identify a large high- 
rise apartment block with hundreds of separate apartments, or it may fall into a 
space  between two large apartment buildings (see Figs.  6.9  and  6.10  for map and 
“bird’s-eye view” from Brooklyn, New York). The issue of dealing with offenders  
residing in multistory buildings in which perhaps more than one offender might be 
located spatially on top of one another in a two-dimensional map is one of the several 
issues that are not well handled by the geocoding and visualization approach used.

    There are several state web sites  that have a special marker symbol for “multiple 
offenders ” at a single address however, and the detailed attribute data that may be 
associated with each of several of multiple offenders may contain exact apartment 
number data although it may just contain the address of the entire building. This and 
many other forms of spatial  ambiguity and inaccuracy are defended by web site 
developers as preserving the privacy  of RSOs, but are mostly a function of the lack 
of precision in geocoding  of addresses using street centerline data. In many cases the 
exact street address (and apartment number in urban areas) of RSOs is anyway provided 
in the detailed attribute information on each RSO  (Wartell and McEwen  2001 ). 

 Although many sex offenders  that are supposed to be registered are missing from 
state web maps  because they have failed to register, have absconded, have moved out 
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of state, or have been deported (or died, since dead offenders  remain in the system for 
some time in many states), there are usually more locations on these maps than there 
are RSOs in a given state. This is because most states also put the place of work and/
or place of school. In Virginia two very different 3D symbols are used to portray 
these two types of locations, and in Kansas the letters “R” and “S” are used to dif-
ferentiate residence and school locations on the map. Some states have secondary 
residence information in their maps. Montana is a state where secondary residence 
information is provided for all offenders mapped . Perhaps this relates to the number 
of seasonally occupied cabins in Montana or the number of RSOs who live in a 
camper or tent and continually move about; in any case having information available 
about more than one residence per offender is not common. Ohio lists a primary resi-
dence and secondary residence and multiple places of work as well as places that the 
offender goes to school (if any). Several states also add features in the community 
such as schools, parks, day care centers, and even hospitals to their maps. Missouri 
does this, while Arizona uses the approach where park and school locations can be 
selected to be used to generate buffer zones  around. This relates to concerns about 
proximity of offenders to these places where children may congregate. Some states 
list and map offenders that are residing or working out of state, and this includes 
Arkansas, Tennessee, and Pennsylvania. This cuts down on the temptation of offenders 
to live near the edge of a state to make their supervision more problematic. 

  Fig. 6.9    Map of Brooklyn, New York, showing apartment footprints and interpolated RSO loca-
tions. New York State Division of Criminal Justice Services, 2013.   http://www.criminaljustice.
ny.gov/nsor/           

 

6 State Registration of Sex Offenders: Public Notifi cation, Web Mapping…

http://www.criminaljustice.ny.gov/nsor/
http://www.criminaljustice.ny.gov/nsor/


128

 In some cases, an RSO  may appear in two (or more) state databases. However, 
the data is not always consistent. Thomas Leggs is a convicted rapist who was 
released in 2006 and was classifi ed as a tier III high-risk offender  in Delaware where 
he lived, but he also worked in Maryland. He was also registered in Maryland but 
listed only as “compliant” in that state’s RSO web site . Maryland did not then main-
tain risk-related information. When he went on to rape and murder  an 11-year-old 
child in Maryland in 2009, the discrepancy between the two databases was brought 
to light. Another example of a somewhat similar issue is that of an offender serving 
in the military. He is listed in North Carolina as an RSO residing somewhere at an 
unknown location on the huge Fort Bragg military base but cannot be mapped , and 
he is also listed in a federal RSO web site  as residing at a federal prison in Kansas. 

 Another sex offender  who cannot be easily mapped  is the  Billionaire Pedophile  
Jeffery Epstein. This hedge fund manager was convicted of hiring underage prosti-
tutes. He owns a waterside mansion in Palm Beach, Florida, a 10,000-acre cattle 
ranch in New Mexico, and his own private island in the British Virgin Islands. The 
Florida State RSO web site  does not have a map showing any of these locations and 

  Fig. 6.10    “Bird’s-eye” view of Brooklyn, New York, RSO locations. New York State Division of 
Criminal Justice Services, 2013.   http://www.criminaljustice.ny.gov/nsor/           
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lists his private island (which lacks a street address) as his primary residence. 
Incidentally, Forbes Magazine has disputed his status as an actual billionaire since 
his immense wealth is open to question, as apparently is his location (Forbes 
Magazine  2011 ). 

 Other examples of spatial  issues  are presented by those RSO s who are homeless 
and therefore tend to move between multiple locations many of which are diffi cult 
or impossible to geocode . Homeless sex offenders  have been recognized as a 
particular problem in California, Florida, and Washington. These states, along with 
17 other states, had by 2008 enacted residential restrictions, and many communities 
have used their local land use planning and zoning authorities for a similar purpose. 
This has been blamed for homelessness among RSOs (Strutin  2008 ). California has 
identifi ed over 3,000 offenders as being “homeless,” while in contrast Texas does 
not recognize the category of “homeless sex offender” and thus offi cially has no 
homeless sex offenders. Most states offi cially acknowledge having less than 50 
homeless RSOs, but do have some of them (California Sex Offender Management 
Board  2008 ). 

 Some offenders  while not exactly “homeless” have avoided scrutiny by living in 
unconventional locations and/or moving frequently. A case in point is that of the 
pedophile defrocked priest Gilbert Gauthe who moved from priesthood and 
then prison in Louisiana to a series of campgrounds in coastal areas of Texas. He 
generally stayed in a given campground no more than 2 weeks at a time. He also 
allegedly tried to reoffend, and he served 2 years in Texas from 2008 to 2010 
specifi cally for violating the terms of the Texas sex offender  registration  law. Thus 
there is sometimes a “one-to-many” relationship between offenders and their loca-
tions in a web map  when an offender moves between multiple temporary locations. 
There is also the more common situation of a “many-to-one” relationship that exists 
where multiple offenders are housed in the same location, usually an institutional 
setting like a prison, mental hospital, or “halfway house.”  

6.4.3     Multiple Names 

 There are also “many-to-many” relationships in quite a few cases. This comes about 
since offenders  may have multiple names, generally aliases they have employed as 
well as multiple locations associated with some or all of those names. In the state 
registry of some states like New York, all these names may be included and listed 
separately but cross-referenced, and each can be associated with one or more 
locations on a map. Analysis of 396 sex offender  details for Saint Lawrence County 
in upstate New York and 1,706 sex offender details for Kings County (Brooklyn), 
New York, includes a listing for the name “Bill” (just  Bill , no other fi rst or last 
name) and also listings for “Fred Flintstone” and “Chris Hitler” along with the usual 
“John Smith” and “Bob Jones” being used as aliases. These names are identifi ed as 
aliases in the New York RSO web site  and map to the location also associated with 
the full correct name. 
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 The situation where more than one sex offender  has the same name also crops up. 
In Brooklyn there are over 27 men named “Rivera” that are RSOs; of these, three 
men are named “Angel Rivera.” In Bronx County there are also 27 men named 
“Rivera,” and seven of them are named “Angel Rivera.” Some of these multiple men 
named Rivera who are RSOs live on the same block in Brooklyn, although they 
are in adjacent high-rise public housing project buildings. The same building in 
Brooklyn does have multiple RSOs in it however, so there is a possibility that two 
unrelated offenders  with the same fi rst and last name could live at the same mapped  
location. One can gain some measure of anonymity despite being featured on a 
public RSO web site  by having a common name and living in a densely populated 
urban area. Rural areas likewise provide anonymity because RSO locations  cannot 
be adequately geocoded  using current approaches.  

6.4.4     Proximity Issues 

 Those seeking information about their own spatial  proximity  to sex offenders  using 
web maps  usually do so by entering their own street address and other locational 
information and then seeing all the sex offenders  that reside within a specifi ed buf-
fer zone  distance of that geocoded  “home” address location as portrayed by a point 
symbol on the map (it is a different symbol than those used for sex offender loca-
tions on all web sites , usually a different color). Because population density varies 
and users may be concerned about a larger or smaller “neighborhood,” variable 
buffer distances are options used in many sites. The “Offender Watch ” web design 
used by multiple states has intervals from .25 miles to .5 miles, 1 mile, 2 miles, and 
4 miles. The default buffer option in New Mexico is two miles, while in more 
densely populated Ohio, it is one mile. Other states have only one possible buffer 
zone of a mile in radius, while some states have as many as 5 optional buffer 
distances with that range as high as 10 miles in the case of the more rural state of 
Iowa and up to 15 miles in Missouri, as portrayed in Fig.  6.11 . The buffer zones are 
usually highlighted on the web map and may even all be displayed simultaneously 
and concentrically as in Idaho whose sample map is shown in Fig.  6.12 , but other 
states only show offenders within a specifi ed distance of a valid address and do not 
generate a visible buffer zone “ring” on the map at all.

6.4.5         View, Query, and Use 

 The anticipated use of RSO  web maps  is that the public will use the information to 
take proactive precautions. Also there are a number of cases where information on 
web maps  of RSO locations  has been used to help solve crimes or determine that 
RSOs are in violation of restrictions. In 1997 in Knoxville, Tennessee, the police  
solved a series of sexual assault s associated with the  Greenway Rapist  by mapping  three 
attacks that occulted over a 2-week period in relation to RSO residence locations. 
All the attacks occurred along a jogging path and were within easy walking distance 
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  Fig. 6.11    Fifteen-mile buffer zone generated by the Missouri web site extends into Kansas. 
Missouri State Highway Patrol, 2013.   http://www.mshp.dps.missouri.gov/MSHPWeb/
PatrolDivisions/CRID/SOR/SORPage.html           

  Fig. 6.12    Multiple color-coded buffer zones generated for Boise, Idaho, area by the Idaho state 
RSO web site. Idaho State Police, 2013.   http://www.isp.idaho.gov/sor_id//nij/mapping/ch4_3.html           
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of the closest RSO’s home. He was a recently paroled rapist who was identifi ed from 
photographs by each victim  and is currently serving life without parole (Hubbs 
 1998 ). In this case a public RSO web site  did not yet exist, although a GIS  with 
statewide RSO and crime  incident locations was used by police. This web site  
has since served as the nucleus for Tennessee’s really outstanding RSO mapping site. 
In another Tennessee case, Holly Bobo was abducted by a man wearing camoufl age 
on April 13, 2011, and has not been seen again. Her abduction location was linked 
by the public to that of an RSO who absconded soon after her disappearance. Both 
locations were within 5 miles of each other. The missing RSO was considered a 
suspect and was being sought by the Tennessee Bureau of Investigation and the FBI. 
This could be a false accusation, and there has probably been an increase in false 
reports about sex offenders  in relation to crimes simply as a result of their being the 
main category of offenders in the community the public has locational information 
and personal details about. In another case in 2012, FBI agents located another 
missing young woman, this one from North Carolina, who was fortunately still alive 
and was identifi ed by a member of the public as being in the company of an absconding 
North Carolina RSO who was subsequently arrested in Florida; information on the 
RSO web site was used in the identifi cation of the suspect. In a New York State case, 
also in 2012, an RSO was recognized from a picture posted on a state RSO web site 
as having been in the company of a young “exotic dancer” at a nightclub. This woman 
had disappeared. This situation resulted in the RSO being labeled a “person of interest.” 
It was learned that he had bleached the interior of his car and apartment. His presence 
in a nightclub was a violation of the terms of his parole for prior assaults  on young 
women. Therefore while the investigation  into the missing person case is ongoing, he 
has been arrested for violation of parole restrictions. 

 In a more typical 2012 case in Indiana, a member of the public was anonymously 
using the “tip” feature of the Offender Watch  web site  design and reported an RSO  
as being in violation of registration rules based on information on the Indiana RSO 
web site . The RSO had failed to report a new employment location which was in 
another county from that listed as his place of employment on the web site. Since 
the offender  was a tier III “predator,” this seemingly minor infraction resulted in his 
being re-incarcerated for violation of the terms of his parole. Another 2013 Indiana 
case was based on a tip submitted to the county RSO site. It was found that an RSO 
had failed to register as a secondary residence a relative’s home where he stayed a 
few days a week; this secondary residence was within 1,000 ft of an elementary 
school. The combination of violating a residential restriction on spatial  proximity  to 
a school and failure to register at a secondary residence resulted in his arrest.   

6.5     Conclusion 

 GIS  and other geospatial  technologies  have been used in a variety of ways to deal 
with issues related to sex offenders . Web maps  are a very important part of the use 
of this technology. Unlike other countries in the world, the United States has chosen 
to make RSO information  and, in particular, their locations public. Four fi fths of the 
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states in the United States have chosen to use web mapping  to do this. While the 
approaches used are effective and often very informative, they are highly variable and 
there remain issues with missing data, imprecise (or impossible) geocoding , and 
poor cartographic and web site  design. Nevertheless, the popularity of this approach 
with states and the public is unquestionable. What is far more questionable has 
been the results of “outing” RSOs, which may have tended to increase issues of 
failure to register, homelessness and absconding, and perhaps harassment  and false 
accusations (SMART  2013 ). Also the issue of whether RSO web maps  are part of a 
proactive family and community defense or a source of unjustifi ed fears is not easily 
resolved. Determining on balance which is a more common outcome would require 
more systematic research. Such research might also improve the design and content 
of RSO web maps and also help make them part of effective public participation 
strategies.     

      References 

   Ackerman A, Harris A, Levenson J, Zgoba K (2011) Who are the people in your neighborhood? A 
descriptive analysis of the individuals on the public sex offender registries. Int J Law Psychiatry 
34(3):149–159  

   ACLU (2001) Connecticut’s sex offender website registry violates rights. Court Rules April 2, 
2001.   http://www.aclu.org/racial-justice_drug-law-reform_immigrants-rights_womens-rights/
connecticuts-sex-offender-website-reg    . Accessed 01 May 2013  

    Bardens D (1990) Life of Landru; The French Bluebeard. Chronicles of Crime, London  
   Blanco    J (2012) “Stephen Marshall” murderpedia, the Internet encyclopedia of murderers.   http://

www.murderpedia.org/male.M/m/marshall-stephen.htm    . Accessed 01 May 2013  
   Broers M (1999) The Napoleonic police and their legacy. History Today, May  
   Buckley A (2011) Cartographic design of web-maps.   http://blogs.esri.com/esri/arcgis/2011/08/04/

cartographic-design-for-web-maps/    . Accessed 01 May 2013  
   Bureau of Justice Statistics (1994) Recidivism of sex offenders released from prison in 1994   http://

www.bjs.gov/content/pub/press/rsorp94pr.cfm    . Accessed 01 May 2013  
    Bureau of Justice Statistics (2003) Re-arrest of sex offenders within fi ve years of release. Offi ce of 

Justice Programs USDOJ, Washington, DC  
   Bureau of Justice Statistics (2007) Recidivism rates.   http://www.bjs.gov/index.cfm?ty=tp&tid=17#pubs    . 

Accessed 01 May 2013  
   California Sex Offender Management Board (2008) Homelessness among registered sex offenders 

in California: the numbers, the risks and the response. December 2008.   www.cdcr.ca.gov/
Parole/Sex_Offender_Facts/docs    . Accessed 01 May 2013  

   Cheney S, Ratcliff J (2005) GIS and crime mapping. Wiley, Hoboken, New Jersey, USA  
    Craig L, Browne K, Beech A (2008) Assessing risk in sex offenders. Wiley, Chichester, U.K.  
    Finkelhor D (2008) Childhood victimization. Oxford University Press, New York  
   Forbes Magazine (2011) Jeffrey Epstein: sex offender, yes. Billionaire, no.   http://www.forbes.

com/sites/clareoconnor/2011/02/28/jeffrey-epstein-sex-offender-yes-billionaire-no/    . Accessed 
01 May 2013  

    Foucault M (1976) Society must be defended. Lectures at the College of France, 1975–1976 (trans: 
Macey D). Picador Press, New York, USA  

   Glenn M (2013) Vendetta alleged in sex assault of teen, February 26, 2013. Houston Chronicle. 
  http://www.chron.com/news/houston-texas/houston/article/Vendetta-alleged-in-sex-assault- 
of-teen-4310940.php    . Accessed 01 May 2013  

6 State Registration of Sex Offenders: Public Notifi cation, Web Mapping…

http://www.aclu.org/racial-justice_drug-law-reform_immigrants-rights_womens-rights/connecticuts-sex-offender-website-reg
http://www.aclu.org/racial-justice_drug-law-reform_immigrants-rights_womens-rights/connecticuts-sex-offender-website-reg
http://www.murderpedia.org/male.M/m/marshall-stephen.htm
http://www.murderpedia.org/male.M/m/marshall-stephen.htm
http://blogs.esri.com/esri/arcgis/2011/08/04/cartographic-design-for-web-maps/
http://blogs.esri.com/esri/arcgis/2011/08/04/cartographic-design-for-web-maps/
http://www.bjs.gov/content/pub/press/rsorp94pr.cfm
http://www.bjs.gov/content/pub/press/rsorp94pr.cfm
http://www.bjs.gov/index.cfm?ty=tp&tid=17#pubs
http://www.cdcr.ca.gov/Parole/Sex_Offender_Facts/docs
http://www.cdcr.ca.gov/Parole/Sex_Offender_Facts/docs
http://www.forbes.com/sites/clareoconnor/2011/02/28/jeffrey-epstein-sex-offender-yes-billionaire-no/
http://www.forbes.com/sites/clareoconnor/2011/02/28/jeffrey-epstein-sex-offender-yes-billionaire-no/
http://www.chron.com/news/houston-texas/houston/article/Vendetta-alleged-in-sex-assault-of-teen-4310940.php
http://www.chron.com/news/houston-texas/houston/article/Vendetta-alleged-in-sex-assault-of-teen-4310940.php


134

   Harries K (1999) Geocoding. In: Mapping of crime, principles and practice. Crime Mapping 
Research Center, NIJ.   https://www.ncjrs.gov/html     . Accessed 01 May 01 2013  

   Hubbs, R (1998) The Greenway rapist case. In: Wartell J (ed) Crime mapping case studies. Police 
Executive Research Forum.   www.ncjrs.gov/pdffi les1/Digitization/178051NCJRS.pdf    . Accessed 
01 May 2013  

   Leiphon M (2008) State budget woes. New Geogr 12(29).   http://www.newgeography.com/
content/00497-state-budget-woes    . Accessed 01 May 2013  

    Leipnik M, Albert D (2003) GIS in law enforcement. Taylor & Francis, London  
   Leipnik M, Ye X, Wu L (2013) Jurisdictional boundaries and crime analysis policy and practice. 

Reg Sci Policy Pract 5(1):45–65  
   Louisiana State Police (2012) History of sex offender registration laws.   http://www.lsp.org/socpr/

history.html     . Accessed 01 May 2013  
    Mawby R (2011) World policing models. In: Mangai N (ed) International crime and justice. 

Cambridge University Press, New York, USA  
    National Center for Missing and Exploited Children (NCMEC) (2013)   http://www.missingkids.

com/SOTT    . Accessed 01 May 2013  
   National Conference of State Legislatures (2013) Status of adoption of Adam Walsh Act.   http://

www.ncsl.org/issues-research/justice/adam-walsh-child-protection-and-safety-act.aspx    . 
Accessed 01 May 2013  

   NSOPW (2013) National sex offender public website.   http://www.nsopw.gov/en-US    . Accessed 
01 May 2013  

   Omega Group (2012) Crime view community overview.   http://www.theomegagroup.com/police/
crimeview_desktop.html     . Accessed 01 May 2013  

   Roberts J (2013) Personal communication to author from J. Roberts, Director of Operations for 
Watch Systems, Inc. Covington, LA  

    Sieber J    (2006) Public participation GIS. Ann Am Assoc Geogr 96(3):491–507  
    Slocum T, McMaster R, Kessler F, Howard H (2008) Thematic cartography and geovisualization, 

3rd edn. Prentice Hall, Upper Saddle River, New Jersey, USA  
    SMART (Offi ce of Sex Offender Sentencing, Monitoring, Apprehending, Registration and Tracking) 

(2013) Sex offender registration and failure to register. Offi ce of Justice Programs, Washington, DC  
   Stimson C, Noronha M (2011) Complying with sex offender registration standards. Heritage foundation 

reports.   http://www.heritage.org/research/reports/2011/07/get-smart-complying-with-federal- sex-
offender-registration-standards    . Accessed 01 May 2013  

   Strutin K (2008) Sex offender residency restrictions. Criminal justice resources.   http://www.llrx.
com/features/sexoffenderresidency.htm    . Accessed 01 May 2013  

    Thomas T (2011) The registration and monitoring of sex offenders. Routledge, New York, USA  
    U.S. Senate (2009) Sex Offender Notifi cation and Registration Act (SORNA): barriers to timely 

compliance by states. Sub-Committee on Crime. U.S. Government Printing Offi ce  
   Vollmann J (2009) Electronic monitoring of dangerous sexual offenders. Corrections Magazine: 5(2). 

  http://www.corrections.com/articles/21373-electronic-monitoring-of-dangerous-sexual-
offenders    . Accessed 01 May 2013  

   Wartell J, McEwen T (2001) Privacy in the information age: a guide for sharing crime maps and 
spatial data. Crime Mapping Research Center, Institute for Law and Justice, Washington, D.C.  

   Washington State (1990) Department of Social and Health Services. Community protection act of 
1990.   http://www.dshs.wa.gov/scc/Laws.shtml    . Accessed 1 May 2013  

   Watch Systems, Inc (2013) Offender watch.   http://watchsystems.com/offenderwatch.php    . 
Accessed 01 May 2013  

    Winick B (2005) Civil commitment: a therapeutic jurisprudence model. Carolina Academic Press, 
Durham, North Carolina, USA    

M.R. Leipnik and X. Ye

https://www.ncjrs.gov/html
http://www.ncjrs.gov/pdffiles1/Digitization/178051NCJRS.pdf
http://www.newgeography.com/content/00497-state-budget-woes
http://www.newgeography.com/content/00497-state-budget-woes
http://www.lsp.org/socpr/history.html
http://www.lsp.org/socpr/history.html
http://www.missingkids.com/SOTT
http://www.missingkids.com/SOTT
http://www.ncsl.org/issues-research/justice/adam-walsh-child-protection-and-safety-act.aspx
http://www.ncsl.org/issues-research/justice/adam-walsh-child-protection-and-safety-act.aspx
http://www.nsopw.gov/en-US
http://www.theomegagroup.com/police/crimeview_desktop.html
http://www.theomegagroup.com/police/crimeview_desktop.html
http://www.heritage.org/research/reports/2011/07/get-smart-complying-with-federal-sex-offender-registration-standards
http://www.heritage.org/research/reports/2011/07/get-smart-complying-with-federal-sex-offender-registration-standards
http://www.llrx.com/features/sexoffenderresidency.htm
http://www.llrx.com/features/sexoffenderresidency.htm
http://www.corrections.com/articles/21373-electronic-monitoring-of-dangerous-sexual-offenders
http://www.corrections.com/articles/21373-electronic-monitoring-of-dangerous-sexual-offenders
http://www.dshs.wa.gov/scc/Laws.shtml
http://watchsystems.com/offenderwatch.php


135G.A. Elmes et al. (eds.), Forensic GIS: The Role of Geospatial Technologies 
for Investigating Crime and Providing Evidence, Geotechnologies and the Environment 11,
DOI 10.1007/978-94-017-8757-4_7, © Springer Science+Business Media Dordrecht 2014

    Abstract     The current public policy for international security is fundamentally 
 different to that prevailing at the end of the last century. A radical change in con-
text means that traditional strategies and urban policing  models have to be revised 
and adapted to a new reality. Police  science, new policing strategies , and 
approaches have evolved to give answers to new challenges in security. The 
police model “Science, Data, Intelligence, Knowledge” (SDIK) incorporates 
technical-scientifi c and geospatial  innovations to understand emerging communi-
ties and uncover evidence  of criminal activity . SDIK launched a project to study 
new religious  movements  in communities and neighborhoods of the city of 
Castellón de la Plana (Spain). The project combines two main objectives: fi rst, to 
achieve knowledge of the impacts and perceptions  of new religious organizations  
and, second, to establish connections between new religious organizations and 
other activities, some of which may be patterns of illegal or disorderly behavior. 
To ensure safety and peaceful coexistence in cities, it has become imperative to 
make visible the apparently invisible.  

  Keywords     New religious  movements   •   Community policing    •   SDIK police 
model    •   GIS   

7.1         Introduction 

 There is no doubt that, independent of the scale of jurisdiction be it state, region, or 
city, the management of public security has become a fundamental strategy in the 
policies implemented by different governments following increases in terrorism in 
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recent decades. There is no question about the necessity for the increase in the 
importance of security, which has been translated into an enormous increase in 
investments in resources by different administrations. These investments have 
accompanied an important set of social changes that have driven models and 
strategies being used by police  force s in many countries, with the aim of giving 
answers to the many different security demands and problems prompted by the new 
circumstances. 

 Worldwide events as the terrorist attacks that took place in September 2001 in 
New York or in 2004 in Madrid, and the recent assault  in the city of Boston, 2013, 
have uncovered substantial defi ciencies in public security systems. At the same 
time, these events have driven important changes in strategy to improve security 
management practices in the majority of western countries, with the fi nal aim of 
being able to offer effi cient answers to these new risks. These strategies not only 
pursue the demands, which can appear unexpectedly, but also consider the specifi c 
conditions in which the new risks are arising. Such new security strategies should be 
based on overall lines which allow the combination of productivity and prediction as 
key elements and strategic planning as a basic element of territorial vectors and 
resources management. 

 Everybody has to account for new strategic courses in which the “new public 
security” is based. Consequently, police  management of the social and religious  
diversity and new religious movements  has been positioned as a central element, 
which allows for the better understanding of the reality of our cities, as well as 
offering better answers to their risks and demands (United Nations  2010 ). In the 
context of new religious movements, we should recall the events of March 1997, 
when 39 people of the Heaven’s Gate sect committed suicide in San Diego, 
California. We should also remember the FBI’s assault  on the Branch Davidian 
community at Waco, USA, with the death of 80 people, and the terrorist attack at 
the Tokyo metro using sarin gas executed by the Shoko Asahara’s Aum Shinrikyo 
sect in March 1995. But the event with the greatest social impact was, with no 
doubt, the collective suicide of 913 members of the People’s Temple sect, in 
Guyana, November 1978. This is the social image that public opinion associates 
with new religious organizations , a new reality that has converted our cities to envi-
ronments where these developing situations of confl ict happen, environments in 
which new measures and tactics have to be articulated and orientated to reduce risk 
and increase real safety. 

 Before this new scene, there is no doubt that police  organization s and public 
administrations in general have to give answers and adapt to the kind of society in 
which they are integrated. This new society is in a state of steady change, a mutability 
being a constant and inescapable condition when planning answers to public 
security problems. Equally, the social legitimacy of these answers will be condi-
tioned by the capacity to answer citizens’ expectations and demands. As an example 
of this adaptation necessity to the new social reality  of our cities, and by way of an 
innovative strategy in the public security frame, the city of Castellón, Spain, has 
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implemented a community-policing  project based on the SDIK police model 
(Castellón de la Plana  2013 ). The project has taken as a key element for analysis 
and study the “new religious  movements ” which have developed in the city since 
the fi rst years of the twenty-fi rst century. 

 The aim of the project has been twofold. On the one hand, a global perception of 
security (and insecurity) has been taken, which has its roots in the establishment of 
religious  organizations  in different neighborhoods of the city. On the other hand, 
these organizations are an emerging social reality , making it important to under-
stand and establish the connections between the stated goal of the organization 
(the public and known objective) and the parallel activities in which the practices of 
such organizations are based within the sphere of a community, which on many 
occasions are neither made public nor are widely known. It is not at all the objective 
of the SDIK policing  model to establish regulatory guidelines which every com-
munity has to adopt in or practice as a defi nition of religion. SDIK starts from an 
accurate defi nition of the urban reality, the analysis of the distribution patterns, 
which show the police  facts of interest and their relationship with other variables, 
such as urban or sociodemographic variables. Study of the features and dynamics of 
the different groups and collectives compose a micro-space  with high diversity, 
which is enriched by citizen requests received through emergency phone calls or 
other information obtained directly from police offi cers . 

 All these data are a base for the application of new technologies such as 
Geographic Information  Systems  (GIS), to manage police  activity, which has allowed 
us to achieve the last objective, as the title of this chapter states, make visible the 
invisible. Geospatial  technology generates appropriate solutions to problems that 
may arise alongside the development of new religious  communities. For example   , 
reduction of the stigmatization of recognizable or distinctive groups, insecurity, 
perception, or fear of the potential commission of serious crimes, as well as knowing 
accurately the different activities and relations established among the members of 
such groups. Due to the scope and complexity of the desired goals, it is necessary to 
remind the reader that the tools and techniques utilized to achieve the stated goal of 
this project are within the confi nes of the laws and regulations of both Spain and the 
European Union. 

 The authors wish to make it clear that it is not the intention of this project to 
promote or provide any type of special information or service to advance the 
powers of the police  force  at the expense of the individual or collective liberties 
of the public. At the same time it cannot be forgotten that this project is attempting 
to provide the most accurate portrayal possible of the city of Castellon de la Plana 
and consequently to understand those surrounding circumstances that are, or 
could become, a risk to the security of the citizenry. The circumstances discussed 
in this project should be viewed as circumstances that require special attention 
and analysis in order to ensure general welfare and security in the city, but not 
at the expense of invading the privacy  or individual liberties of the citizens of 
Castellon.  
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7.2     Methodology 

7.2.1     Towards a New Risk Society 

 Security means different things at different times to different people. In life, security 
and risk coexist in a permanent way. Concepts of risk and security are subjective, 
associated with other problems related to life, for example, property, health, power, 
and control. People’s daily lives contain invisible risks and this reality produces 
different perspectives of risk, which tends to reinforce cultural differences. The 
progression of society towards a risk society, combined with the new reality of 
globalization, has produced a change in the sources of citizens’ insecurity, so much 
so that redefi ning such insecurity has become obligatory. This revised concept of 
insecurity emphasizes uncertainty and presupposes big challenges with respect 
to the effectiveness and legitimacy of the institutions. It is not only a question of 
disorder , offenders , and enforcement offi cers  but is a complex problem with implications 
in other areas of well-being, quality of life, and the individual rights of citizens. The 
step from a restricted concept of disorder to another wider one of a more modern 
sense of security affects the way of understanding the nature of public security. 
Three dimensions become important: objective risk, subjective risk, and tolerance. 
In the analysis of security, it is necessary to know better the social distribution of 
insecurity and its connections with other social problems. 

 The new context of objective and subjective risks highlights enormously the 
new social image that public opinion ascribes to new religious  organizations . A new 
reality has transformed cities to new environments in which new situations of 
confl ict take place, environments in which new measures and tactics have to be 
articulated, all of them with the aim of reducing risk and increasing real security for 
citizens. When speaking about risk, we are starting from a culturally constructed 
vision. Different cultures offer different meanings to risk depending on the situations, 
events, objects, and personal relationships involved. Social construction of risk in 
micro-spaces (community, neighborhood, or district) is partially determined by 
three aspects: social relationships, behavior strategy, and culture. 

 Culture is based on beliefs and values that justify behaviors and provide 
guidelines for social relations. At the same time, these behaviors and guidelines 
infl uence representations of what does or does not constitute risks and dangers. 
People “look at the world under a particular perspective legitimized by the social 
relations of the world to which they belong”    (   Dake  1992 ). According to Douglas 
( 1996 ), the perception of risk is built in terms of its contribution to the maintenance 
of a particular way of life. It is possible to say that individuals choose what they 
fear (and in what way) to support their way of life. Thus somehow the risk and the 
danger are determined by a given socioeconomic structure as well as the culture in 
which those individuals are immersed. People perceive and accept risks from a 
cultural reference of the society to which they belong, and we should take into 
account that the security of some could be the insecurity of others. The fact that risk 
is socially constructed does not mean that all individuals of a given society perceive 
such risk the same way, e.g., the perception that a neighborhood with average rates 
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of Muslim population should not have the same risk ascribed to a cultural Islamic 
center, as the community does not see risks in the same way as experts, who frequently 
have a technical vision of such risks. Today, governments are forced to adapt to 
the needs generated by the growing demand of the society, due to continuous 
development with regard to two issues of great importance for the survival and life 
in society: quality of life and public safety. It is entirely necessary to respond directly 
to these demands by providing services to citizens.  

7.2.2     New Religious  Movements 

 Prior to the start of the SDIK project, it was necessary to address the complexity and 
ambiguity of the concept of new religious  movements  (NRMs), without forgetting 
that this concept becomes more complex the moment we discover the existence of 
a new social and plural reality. Two realities should be considered while examining 
the term “sect” in the twenty-fi rst-century society. The fi rst consists in that it is 
impossible to continue with the divergence between church and sect as defi ned by 
the classic historic and social context, as the church is no longer the supreme entity 
in Western society. The church no longer monopolizes power in a lawful way to 
access the supernatural, nor is it the only organization that represents symbolic 
universes in our society. The second reality consists in that many new religious 
movements have not emerged from dissidence from inside Christianity, Hinduism, 
Buddhism, or Islam among other religions or main cults, but may be determined by 
local character groups or even international ones, whose only authority is based on 
their founders or leaders. 

 What is more, we can assign the label NRMs to religions  which are not religions 
in a strict way, although they may be religions in the way they are settling in the 
European Union with respect to legal  freedoms. For example, Islamic or Protestant 
churches are implementing their religious manifestations in ways they previously 
have not. Although there is no doubt that we should not and we cannot say that these 
religions are new, they are new in the way they are developing inside our communities. 
Despite the decline of mainstream religion in modern times, and the abandonment 
of traditional churches, emerging groups of a religious nature (undercover as 
spiritual associations) and new meditation cultures or techniques where people fi nd 
a better way of satisfying spiritual needs show that religion, at least in its spiritual 
manifestation, continues to be a powerful force  (Ramos  2006 ). 

 This complex situation is not unusual for the city of Castellón de la Plana, a 
medium-sized city of about 180,000 inhabitants on the Mediterranean coast of western 
Spain. Castellón is experiencing a fast and deep social transformation, involving 
changing compositions and social dynamics  in many neighborhoods, which are 
becoming ever more complex and diverse. In the last 10 years, the city has seen 
different religious  groups or cults established. Directly or indirectly, these groups 
have modifi ed the daily structure of cultural centers, sometimes resulting in confl ict 
situations, which have affected public order and the peaceful coexistence of the 
community.  

7 The SDIK Police Model: How to Make the Invisible Visible
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7.2.3     The SDIK Police  Model 

 Before this new diverse and complex scene, the local police  1  of Castellón de la 
Plana planned different questions to be answered through the project refl ected in 
this chapter: is the police  the proper avenue to provide an answer to this new situation 
of confl ict? Do we really know the reality of these new movements and religious  
groups? Could there be hidden interests and motives behind these organizations? 

 With the aim of giving an answer to these and other questions, the fi rst objective 
raised by the local police  of Castellón was to determine which strategy was correct 
to address the questions that had been raised by the development of NRMs. After 
reviewing scientifi c literature related to police  science, it was determined that the 
best strategy was to implement a new work model which gathered all of the particu-
lar necessities of the local police of Castellón, a new police model of proximity that 
has been named as the “SDIK model.” The SDIK police model may be characterized 
as “intelligence-led policing ” based, among other aspects, on not giving purely refl ex 
answers to new problems and confl icts of security but on a proactive and preventive 
service supplemented through the implementation of other work methodologies 
which allow more satisfactory results. The answer was crystal clear: it was necessary 
to adapt the activities of the local police of Castellón to the new reality. 

 The SDIK police  model is a management model built on four essential pillars: 
science as a global element (Science), ability to document the results derived from 
the implementation of police strategies (Data), implementation of models based 
on police intelligence as a basic tool (Intelligence), and fi nally management of 
knowledge applied to security (Knowledge). The SDIK model is based on the 
analysis of all types of information, in order to have the necessary data needed to 
know what has happened, is happening, and can happen. The police cannot nor 
should we treat the information as isolated and independent events.   

7.3     New Religious  Movements in the City 
of Castellón (Spain) 

 For there to be a preventative activity, the police  are required to be proactive, and 
proactivity presumes that unlawful acts have a predictable component (pattern 
recognition). The main focus of this work is looking for patterns of illegal or disor-
derly behavior by religious  organizations  in the community. In order to provide a 
specialized response to the very specifi c condition of the presence of new religious 
movements  in the city of Castellón, the fi rst step was a redefi nition of the social 
framework that would provide a better understanding. One of the fundamental 
characteristics that differentiate our contemporary society from the past is the new 

1   Spain is a country of approximately 47 million people. Its public security forces are organized at 
three distinct, nonoverlapping levels. 
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nature and scale of urban phenomena and processes, a concern, both theoretical and 
normative, about how to properly defi ne the urban reality (Fig   .  7.1 ). This change in 
nature and scale represents a starting point in the defi nition of new urban-spatial  
realities, allowing analysis of the distribution patterns that present the facts and 
relationships with other urban variables.

   Having made this fi rst step, which allows us to obtain a more precise knowledge 
of the social reality  of the city (knowledge not offered by the traditional tools that 
were being used), the second step was to locate the various religious  organizations  
and religious centers  by using a GIS  (Geographic Information  System) to create a 
specifi c layer that placed religious organizations in the city, making way for a better 
understanding both from the purpose of study, as well as the whole country (Fig.  7.2 ).

   The potential of an integrated GIS  tool in a police  organization  is to improve 
understanding of socio-policing , but the exploitation of this potential must be 
through qualitative and quantitative data integration. Georeferencing is not just a 
computer application; it is a tool integrated into the SDIK police model that allows 
us to understand and analyze complex spatially related problems in geographical 
areas defi ned as a neighborhood. Spatial  analysis  allows us to manage information 
that, when properly processed, facilitates obtaining direct knowledge about how 
NRMs are established, how they develop, and what roles religious  centers  belonging 
to various faiths play in society. The incorporation of such new technologies of 
information and communication as GIS, and new methodologies in the fi eld of 
social research, specifi cally those of qualitative research, is an important thematic 
and methodological potential for the study of socio-police issues. 

  Fig. 7.1    Nationality clustermaps       
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 Today, police  investigation  should not be restricted to a pencil, notebook, 
tape recorder, or a simple computer. Technological development has provided 
various tools and business applications, and with them new forms of fl exible research 
environments, new data types, and new ways to collect, store, analyze, and transform 
them into descriptions, explanations, and conclusions aimed at intelligence 
communities to reduce uncertainty in decision-making. However, we must not 
forget that new technologies cannot replace the deductive powers of the police 
analyst and that the quantitative phase of data analysis represents the complementary 
side of qualitative research. 

 Two disadvantages that have been attributed to police  investigation  are the lack 
of scientifi c methodological rigor and the apparent lack of validity that social 
research can make when approaching a micro-space  (neighborhood, community, or 
district). For instance, we refer to the collection of information that may be relevant 
to the subject of the investigation  according to a preliminary theoretical orientation, 
which subsequently undergoes police social adaptations as you progress in fi eldwork. 
It is advisable to collect everything considered relevant, regardless of the situation 
or informant, even when the record becomes changeable. 

 In order to better understand this project, it is necessary to clarify that the services 
provided by the local police  can be classifi ed into two distinct categories. On the 
one hand, there are those services that are “reactive” in nature, or in other words 
services that have been directly requested by the citizen. Examples of a reactive 
service would be an emergency call to the police  due to a fi ght in a public area or the 

  Fig. 7.2    Georeferencing religious movements       
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robbery  of a motor vehicle. On the other hand there are those services that are 
 considered to be “proactive” in nature. These proactive services are designed to 
prevent the aforementioned reactive services and promote a greater sensation of 
security, insofar as these services are designed to reduce disorder . Examples of this 
could include, but not be limited to, traffi c control and stops to enforce drink driving 
laws, beat offi cers  that patrol specifi c areas of the city on foot or bicycle, or 
other campaigns designed to meet the security needs of a particular community. 
The rapid social changes we are witnessing as spectators and actors, materialized in an 
unstoppable proliferation and diversifi cation of styles and ways of life, encourage 
the use of qualitative research in a twenty-fi rst-century policing  environment. From 
the time the police changed their perception of NRMs as being alien to one of 
NRMs being citizens, rather than foreign bodies entrenched in a diverse society, 
interest was generated in the incorporation of community-policing attempts to 
resolve confl icts. The relationship between police and society becomes completely 
different, and therefore, new methodologies are being adapted to a reality in which 
the minimal use of force  is necessary and social effi ciency is emphasized amid 
social diversity (Gandarillas  2011 ). 

 The main feature of policing  today is integration into the social tissue and orienta-
tion of police  work towards solving concrete problems of citizens. All this founda-
tional theory  and methodology has been applied by the local police  in Castellón 
City within the policing project  Project ProxPol  (Proxpol  2012 ). The methodology, 
based on the SDIK police model, is divided into five main phases: selecting 
locations; getting information; capturing, transcribing, and ordering information; 
encoding and integrating information; and reporting. 

7.3.1     Phase I: Selecting Locations 

    The research aims to describe and understand social phenomena that are transforming 
neighborhoods with new religious  centers  from the point of view of each citizen and 
collectively constructed perspectives in the community. It is based on the analysis 
of citizens that have made calls to the communication room or who have reported 
incidents in a nearby area to a religious center (Fig.  7.2 ) and in pursuit of their 
possible meanings. The fi rst question we must ask in this methodology is: How 
many cases do we need to look at in order to make a solid scientifi c approach? 
Although it seems diffi cult to answer this question, since the selection of the infor-
mants in this fi rst phase of research, sample selections are based in relation to space -
time incidents near a religious organization. 

 The representativeness of the observations and places lies in a careful choice 
based on two mathematical algorithms in a Geographic Information  System  
(Cluster  Finder and Nearest Neighbor) having the actor or social space  selected 
for the study objectives (Fig.  7.3 ). The relevance  of this methodology has a 
direct connection with the need to adopt the heterogeneity that typifi es the socio-
political approach.
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   Territory has different neighborhoods that vary in their relevance  in understanding 
the sociopolitical phenomenon of the religious  organizations  established in a 
community, so judicious selection of the scenes is particularly important to 
guarantee success of the investigation  of the community police . We defi ne an 
environment as the space  within which the police can fi nd demonstrations of 
sociopolitical reality that gain their attention. The suitability of those individuals 
chosen to collect accessibility conditions among the variety of potential neighbor-
hoods facilitates empathy between the police and citizens. The experience and 
training of the police and their ethical responsibility place the only limits on 
achieving this ideal framework. 

 Once we have defi ned the study sample, community police  are integrated into the 
social fabric of the neighborhood, obtaining complete, deep, and current informa-
tion about the assigned territory (cluster ), and identifying safety problems, such as 
formal and informal community resources deployed in the community (human 
intelligence or humint sensors). 

 A similar technique to determine access points is a clustering  test based in the 
nearest neighbor hierarchical clustering of special clusters 2  (Fig.  7.4 ).

2   To display and process the information generated by  http://www.icpsr.umich.edu/CrimeStat  
(CrimeStat III), we used the commercial software  http://bairanalytics.com/atac/  (ATAC 
Workstation). 

  Fig. 7.3    Methodology (Geotime 5.4 OCULUS)       
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7.3.2        Phase II: Getting Information 

 Selecting a scene must meet the theoretical assumptions established by the police  in 
the design of this research, an option that should search for balance between what is 
desirable and what is possible when there is some, but not all, knowledge of the fi eld 
(Fig.  7.5 ).

  Fig. 7.4    Cluster fi nder methodology       

  Fig. 7.5    Location selection       
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   The most desirable approach would be to cover all assigned clusters  over a period 
of time with a distribution of specialized police  (two groups) for six clusters for a 
period of 30 days. The access and the possibilities of penetration in them and the 
roles needed to perform community policing  will determine the scene. Our approach 
to selecting clusters is by obtaining the feedback from citizens who required police 
service during the period. 

 In the framework of a rollout of human intelligence sensors throughout the city, 
community agents previously trained in social research (e.g., semi- structured 
interviews) have the duty of establishing initial contact with citizens who have 
applied to the police  service for the incidents reported in religious  centers  (Fig.  7.6 ). 
The investigator must verify the meeting day to avoid interference with other 
citizen activities, collecting all the information about open advocacy, and a   lso all 
information that can be extracted from the interviews (Rubin and Rubin  1995 ), 
contextualized in terms of its temporality, space , corporeality (individuals who lived 
in the area), and the relational context (bonds that were generated during the experi-
ments) (Moraima and Auxiliadora  2008 ).

7.3.3        Phase III: Capturing, Transcribing, and Ordering 
Information (Fernández  2006 ) 

    The police  cannot cover the entire society, but they can try to access those stimuli that, 
through their experience and knowledge, are indicated as signifi cant for research. To 
collect the information, the police apply an instrument that meets SDIK methodology 

  Fig. 7.6    Report 112 emergency telephone (911)       
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(interview technique in depth) far from the typical police  interrogation. The interview 
and interrogation are situations where the subject and object are in a space  and one party 
asks and the other party answers, examining the answers with other information in its 
possession, allowing additional questions, the fi nal task being obtaining any physical 
evidence . In an in-depth interview, in contrast to the interrogation, the police must 
refrain from any confrontation with the citizen. Its function is to hear the experience 
and gain the knowledge of the citizen, the objective is unique: get a good rapport with the 
interviewee (del Val Cid and Gutierrez  2010 ). Reaching this rapport enables the inter-
view to fl ow through the appropriate channels, so the police must act to encourage the 
citizen to speak, avoiding channeling speech, trying to break the distance in the classic 
police-citizen relationship. Training police beforehand in interview technique helps 
them to understand the measure on which citizens are willing to cooperate depends on 
the ability of the preparation of an interview guide, containing themes and subthemes 
to be followed. This guide provides a scheme with points to be addressed, taking into 
account that it is not a closed model and whose order is not followed mechanically. 

 Facts expressed by citizens record a narrative of the features and episodes of daily 
life and experience. The usefulness of an in-depth or open-ended interview is aimed 
at obtaining information in a pragmatic way, i.e., how the subjects act and reconstruct 
the system of social representation in their individual practices. One of the pillars of 
the SDIK model is the creation of a network of key informants (people who have 
extensive knowledge about the environment or the problem under study), an array of 
humint sensors over the territory. The key moment of the investigation  is that it starts 
the registration of the data, pending development in the police  agencies that consists 
of laborious and essential tasks to continue the collection of information. 

 Data collection methods have been adapted to new technologies of communica-
tion. We should add to our fi eld journal and memory the technical resources such as 
digital voice recorders and digital cameras, according to the laws of each country 
(Ryan and Bernard  2003 ). The police  fi eld journals (Fig.  7.7 ) are built with the 
intention to describe, interpret, and explain certain situations of socio-policing  
reality, not to share a global perspective of detected problems. Only the sum of the 
fi eld journals from other police offi cers  and the research time spent in a given terri-
tory, along with the appropriate selection of informants, will fi nally give suffi cient 
light towards unraveling the puzzle of confl icts in a community.

7.3.4        Phase IV: Encoding and Integrating Information 

 To simplify and to make sense of all the interviews is one of the most challenging tasks 
of the police  intelligence analysts. The challenge of simplifying and giving meaning to 
the complexity contained in the fi eld notes and verbatim transcriptions is a phase that 
entails some diffi culties (making value judgments about the meaning of contiguous 
blocks of text), which implies relying on software to encode the data, fi nding hidden 
patterns, labeling themes, and developing a system of categorization (Fig.  7.8 ).

   In this study we have chosen the  QDA Miner software + DEMO Provalis 
WordStat . Currently police  do not have an international code book (organized lists 
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that include a detailed description of each code, exclusion criteria, and exclusion) 
by which common texts can be analyzed in a work team. The coding is not a rigid 
process, but having a basic shared codebook facilitates collaborative work among 
others. Each police organization  is able to develop and refi ne its code book as the 
investigation  proceeds. 

 Once the analysts have identifi ed a number of elements (themes, beliefs, con-
cepts, etc.) the following step is to identify how these elements are interrelated in a 
theoretical model (Fig.  7.9 ).

7.3.5        Phase V: Reporting 

 The analysis and interpretation of materials for community police  in fi eldwork 
starts from the initial collection. The police continue to collect information day by 
day in various clusters  assigned (feedback) or from the network of informants 

  Fig. 7.7    Field journal       
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generated in the fi rst stage of contact with citizens, extended and interpreted sys-
tematically and continuously. The fi nal report is presented by this analysis, but we 
do not like to talk about a fi nal intelligence cycle, because in doing so we would not 

  Fig. 7.8    Image categorization       

  Fig. 7.9    Text categorization       
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account for the beginning of other cycles and lines of research (local, national, inter-
national). Therefore, we leave this as an open-ended process.   

7.4     Results 

 The results obtained so far show that the SDIK methodology accompanied by a GIS  
captured the social fabric of the community and may be useful for the extraction of 
information. Knowing the experiences and viewpoints of citizens has a qualitative 
value in developing the police  intelligence cycle and in making decisions in the fi eld 
of coexistence in and security of territory. The implementation of the SDIK meth-
odology has provided the local police  of Castellón a more exhaustive knowledge of 
the social fabric of the city, especially and particularly the set of circumstances 
related to the growth of new religious  movements, a phenomenon of emerging 
importance in recent years that may affect public safety. This knowledge and the 
application of different methodological phases of SDIK have facilitated an under-
standing of the various religious centers  and an assessment of their effect of each on 
the micro-space  in the city, as in each community or neighborhood. This knowledge 
has facilitated the implementation of specifi c measures to minimize risks and prob-
lems, as well as the anticipation of certain confl icts that were previously not 
addressed with suffi cient intensity. 

 Similarly, the work system has allowed police  to better locate all public safety 
services provided by the city, allowing them to be placed in an improved position in 
relation to the community, thus allowing a closer relationship between police and 
the community and an increased capability to obtain quantitative and qualitative 
information. But certainly the most important factor for improvement has been the 
implementation of georeferencing systems and the technical and scientifi c treat-
ment of the spatial  information  obtained. This step has greatly improved the cycle 
of information management and knowledge applied to police activity, which in turn 
has allowed improvement of the initially proposed objective, to learn more about 
what the city makes visible to us, and to discover what, sometimes, has been invis-
ible to us. 

 Since beginning this project, there have been a variety of results which have 
helped support its goals. Also, there has needed to be some clarifi cation and reorga-
nization of the initial goals of this project that were oriented to see a reduction in the 
number of “administrative” infractions of the law, e.g., common delinquency and 
public disturbances. However, for the purposes of this chapter, the authors have 
decided to include only those results which are specifi cally relevant to the general 
purposes of this project. The results have also been divided into two specifi c catego-
ries which will be referred to as primary results and secondary results. 

 One of the primary objectives of this project has been to achieve a more complete 
understanding of those religious  communities that have been established within the 
previous 10 years. This time period was considered relevant as it corresponds with 
a period of intense growth in immigration for the city. Consequently, this objective 
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provided a basis for the utilization of georeferencing as a tool to gather information 
and facts for use by the local police . This fi rst objective has provided for a more 
thorough understanding of the leaders, as well as those responsible for these newly 
established groups, as well as the activities in which they have been engaged. 
The process has revealed to the local police  that many of these activities, in fact, 
have been illicit in nature. Furthermore, these activities have often been to the ben-
efi t of some of the religious leaders thus blurring the distinction between the reli-
gious and the illegal. 

 The improvement in data gathering and subsequently the better understanding of 
the community has allowed for the establishment of improved relations between the 
local police  and leaders of the newly established groups in Castellon, which in fact 
was the secondary goal of the project. The result has been to begin an improvement 
of the ability of the local police  to meet the demands of these communities as their 
needs are identifi ed. Some of the results of these secondary results include the fol-
lowing: the sale of unlicensed foods was found to be commonplace near and around 
mosques. Legislation exists regarding the handling and sale of food in public in 
Spain for a variety of health and other reasons. Through the use of better data, and 
better understanding between cultures, this practice of unlicensed selling of food in 
public has been eliminated. 

 Another practice which has been eliminated has been the repair of motor vehi-
cles on public streets without previous authorization. This practice was commonly 
associated with the proximity of mosques and Orthodox churches commonly fre-
quented by Romanian immigrants. It is believed that reducing the illegal repair of 
cars on public streets has led to a severe reduction, to the point of near elimination, 
of the sale of stolen car parts. While this fi nding still has yet to be confi rmed, the 
downward trend of stolen car parts seems to be related. Also of importance, the 
distribution points of illicit drugs  has been better refi ned and highlighted. Location 
of distribution points and the sale of illicit drugs has been the result of interviews 
with neighbors in specifi c parts of the city. These areas have, in the main, coincided 
with the recent establishment of certain religious  establishments  and were discov-
ered through the use of the SDIK method. Finally, the illegal sale of cell phones  and 
cell phone SIM cards linked to certain religious institutions was discovered in 
Castellon. The detection of these sales led to a marked decrease in these sales. It 
should be noted that the illegal sales of these items was directly connected to con-
gregants of some newly established religious organizations . 

 Consequently, four out of the six areas that were used for reference by the local 
police  within the city of Castellon for the purposes of this project showed a decrease 
of 25–30 % in the number of complaints made to the police , as well as complaints 
made to the police about the religious  institution located within these areas. The 
complaints typically dealt with noise, vehicular complaints, and other suspicious 
activities. 

 Another point of interest was the fact that due in large part to the cooperation of 
local religious  centers  of Evangelistic groups and the local police , two previously 
commonplace infractions have been detected and reduced. Firstly, in subsidized 
housing projects, certain housing units had numbers of people far in excess of what 
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was legally acceptable. In certain instances, it was found that these units were being 
used for purposes beyond living space . Often these other activities were for eco-
nomic gain. A second discovery due to the cooperation of both groups was that 
children between the ages of 13 and 16 years were not attending school. Because of 
this situation, the authorities were able to take proper measures to ensure the 
 education of these children, as well as any appropriate measures with the parents. 
Finally, due to the cooperation of the local police , in conjunction with citizens of the 
study areas, they were able to successfully close down three unauthorized religious 
establishments . These religious establishments were in clear violation due to not 
having the proper accreditation, nor licensing. In all three cases the “religious” 
establishments were engaged in the illegal sale of food and music entertainment.  

7.5     Discussion 

 One cannot pass up the opportunity to refl ect on the results that have been obtained 
after the implementation of the SDIK model to a problem as specifi c as the develop-
ment of NMRs. First, it has achieved a more detailed approach to these types of 
organizations, and at present the police  and the community have a much greater 
knowledge compared to the information available prior to the commissioning of 
SDIK. This methodology has proven itself necessary to the implementation of cer-
tain measures to provide information about NMRs, such as the number of members 
of these groups, their individual interests and aspirations, and the important aspect 
of their funding sources and expenses. Second, it is remarkable that the activity 
directed towards obtaining information on each one of the micro-spaces has made 
visible much information that has no direct relationship with the NMRs. However, 
this information has been useful in taking specifi c measures to respond to the 
 general security problems of the community otherwise unrelated to these organiza-
tions. This fact reinforces the effectiveness of the chosen strategy, as it has favored 
knowledge management and intelligence applied to all police activity, not just activ-
ity related to new religious  movements . 

 The authors are in agreement that there are two principal areas of the SDIK 
model that could be improved. The fi rst area for improvement is the training at the 
local level of police  and the second being the sharing of the model and its purpose 
with other police bodies operating in local and neighboring police jurisdictions. 
The authors both agree that having a more formal approach to educating the local 
police  forces could have had a signifi cant effect on the results. Areas of improve-
ment that should be specifi cally addressed are in interviewing and interrogation. 
These two areas could lead to signifi cantly improved data quality and quantity and 
a better understanding of the areas and groups being observed. Furthermore, through 
better training the local police would have been able to perform better during times 
of higher volumes of calls for support and service. In times of higher than average 
number of phone calls, the local police were put into a reactive position trying to 
stop and solve criminal activity , rather than being in a proactive position preventing 
those crimes from starting. 
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 Also, it would have been of interest to share and coordinate the SDIK model with 
other police  entities that provide different services, yet operate within the same 
jurisdiction. One of the reasons is that it would provide even more complete infor-
mation regarding the habits and behaviors of the inhabitants. Also, it would have 
been more effi cient to accumulate information about other similar or related activi-
ties, which were not the purview of the local police . In not having open lines of 
communication regarding all information, it is nearly impossible to have a complete 
picture of Castellon, nor is it possible to formulate other conclusions about future 
illicit activity or preventative measures. Finally, the authors were pleased with the 
overall reception by the public who were represented in this project. However, the 
initial reception was one of being wary of the local police’s motives; eventually the 
initial suspicions of the public were overcome and participation became voluntary 
and successful. 

 The authors would like to explain how information of the project was shared. In 
the case of police  entities, information about the results was shared directly without 
reservation. As to the affected groups within the community, information was 
shared indirectly through three different agencies. The information shared with the 
public could be defi ned as limited within the confi nes of that which was pertinent. 
One of such agencies is the Agencia de Mediacion para la Integracion y la 
Convivencia social de Castellon (AMICS) (Agency of Mediation for Integration 
and Social Coexistence). This agency is dedicated to collecting, analyzing, and dis-
persing of all information as relates to the local community. A second agency is the 
Mesa Interreligiosa de Castellon (Interreligious Table (Council) of Castellon). The 
Mesa Interreligiosa de Castellon is dedicated to sharing all information pertinent to 
local religious  entities. Lastly is Unidad para la Gestión Policial de la Diversidad 
(GESDIPOL) (Police diversity management) whose objective is to share matters 
that relate to social, religious, and cultural diversity. This last organization was cre-
ated within the organization of the local police . 

 In evaluating the initial operation of the SDIK model, the authors feel that it has 
undoubtedly been a success. The local police  have been able to provide better local 
security and law enforcement , as well as to have improved information as related to 
new religious  and immigrant groups in the city of Castellon. While not directly 
measured, it is the hope that the citizenry noticed a reduced sense of insecurity in 
certain parts of the city. More importantly, the exhaustive nature of improved under-
standing and information relating to the leaders of these groups new to Castellon 
has also led to a decline in confl ict and problems between the local police  and the 
aforementioned new religious groups. Consequently, the local police have been bet-
ter able to meet the demands of the affected groups as well as work towards preven-
tative measures in affected areas.     
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    Abstract     Individuals’ fear of crime  exhibits a complex spatial  relationship with not 
just actual crime  incidents , but a mix of actual crime, perceptions  of crime, neigh-
borhood disorder , and collective effi cacy . If people have a high fear of crime, they 
may be more likely to report suspicious or criminal activities  to the police . The fear 
of crime individuals maintain is most often directly linked to the fear of violent 
crime ; however   , a spatially explicit examination of the impact of violent crime calls 
for service  to police offi cers,  neighborhood disorder  and collective effi cacy on the 
fear of crime is still needed. In the current study, we examine the relationship among 
all of these factors using measures of spatial correlation and spatial regression . 
While the reactive policing  strategy  of responding to calls for service is more cost-
effective than community policing , targeted proactive strategies might be more use-
ful for long-term crime prevention . Our fi ndings illustrate the potential of spatial 
analysis  in informing policing strategies, by highlighting variation in the spatial 
relationships between fear of crime, violent crime incidents, collective effi cacy, and 
neighborhood disorder. Using the results of this type of analysis can lead to a better 
use of police resources to avert crime.  
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8.1         Theoretical Framework for Understanding 
Crime  and Fear of Crime  

 The fear of crime  affects people’s everyday behavior. Researchers have defi ned the 
fear of crime  as the emotional response people feel toward the possibility of victim-
ization (Taylor  2001 ). The level of fear impacts how often people leave their homes 
or are engaged in the public sphere (Taylor  2001 ; Taylor et al.  1985 ). In addition, the 
possibility and frequency of interaction with neighbors is affected when people are 
afraid of being victimized. The fear of victimization presents a reciprocal relation-
ship between the resident and the neighborhood. Oftentimes, a resident’s fear is 
brought about by the conditions of the neighborhood. This includes the physical and 
social environment of the area (Bursik and Grasmick  1993 ; Doran and Lees  2005 ; 
Skogan  1990 ; Taylor  2001 ; Warr  1990 ). As a result of the fear residents feel, they 
are likely to disengage from the neighborhood. Fearful residents fail to maintain the 
upkeep of their property and do not pursue relationships with their neighbors 
(Skogan  1990 ). These actions, or inactions, further exacerbate the deteriorating 
conditions in the neighborhood, which foster feelings of fear. 

 Neighborhood research on crime  and the fear of crime  is often framed using 
the broken windows theory  and the theory of collective effi cacy  (Bursik and 
Grasmick  1993 ; Doran and Lees  2005 ; Skogan  1990 ; St Jean  2007 ; Taylor  2001 ). 
Both of these theories indicate neighborhoods with high levels of disorder  will 
also experience increased rates of crime (Sampson et al.  1997 ;    Wilson and Kelling 
 1982 ,  2006 ). In addition, the theories suggest informal social control  plays an 
important role in limiting the opportunities available for crime. Social control is 
the central underlying causal factor of crime in the theory of collective effi cacy , 
while broken windows theory proposes a noncausal correlation between the level 
of disorder and informal social control. 

 The central concept in broken windows theory  is neighborhoods with high levels 
of physical and social disorder  will have increased crime  rates  (Wilson and Kelling 
 1982 ). Physical disorder  is defi ned as the visible evidence  of deteriorating condi-
tions in a community. The disruptive activities of people in the neighborhood 
signify social disorder . Empirical evidence suggests that communities with high 
levels of physical disorder are also likely to experience frequent occurrences of 
social disruptions  (Braga et al.  1999 ; Skogan  1990 ; Wilson and Kelling  1982 ). 
Signs of physical disorder suggest a certain lack of social control  in the neighbor-
hood, thereby creating situations in which social disruptions are more likely (Skogan 
 1990 ; Xu et al.  2005 ). The presence of some disorder in a neighborhood leads to 
even more disorders. Wilson and Kelling ( 1982 ) propose higher levels of disorder 
will eventually lead to criminal acts. 

 The theory  of collective effi cacy  proposes that there are underlying factors causing 
both crime  and disorder  (Sampson and Raudenbush  1999 ; Sampson et al.  1997 ). 
These factors include the social cohesiveness of the neighborhood, the level of trust 
among residents, and the willingness of neighbors to help one another (Sampson 
et al.  1997 ). Overall, these elements represent the level of informal social control , 
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also termed collective effi cacy , present in a community (Sampson et al.  1997 ). 
Residents in neighborhoods with high levels of collective effi cacy have the ability 
to identify and work toward collective goals. These goals are centered on building 
and maintaining strong ties among residents in a community and ensuring that the 
neighborhood has relatively low levels of crime and disorder (Janowitz  1975 ). 

 Residents in neighborhoods with strong collective effi cacy  are more likely to 
intervene when there is a problem and work together to correct the problem 
(Sampson et al.  1997 ). Research indicates that high levels of social control  directly 
and positively limit the existence of social disorder , which, in turn, decrease the 
visible elements of physical disorder  (Novak and Seiler  2001 ; Sampson and 
Raudenbush  1999 ; Skogan  1990 ; Wilson and Kelling  1982 ). A neighborhood in 
which residents are joined by strong network ties contains the element of social 
control necessary to constrain social disruptions . Also, in such a neighborhood the 
residents care enough about their neighborhood to manage the upkeep of physical 
properties, thereby reducing physical disorder . 

8.1.1     Neighborhoods and the Fear of Crime  

 Research on the fear of crime  indicates the actual crime  rates  in a neighborhood 
have a varying impact on the fear of crime held by residents. The role of disorder  
and neighborhood collective effi cacy  has a greater impact on how fearful residents 
are of victimization. Empirical research on the direct link between crime rates and 
fear of crime fi nds a range of correlations from relatively weak to strong, depending 
on the type of crime involved (Rountree and Land  1996 ; Taylor  2001 ). Taylor ( 2001 ) 
reports local crime rates are only moderately related to the feelings of fear held by 
residents. When only violent crime  rates are considered, high rates of violence  in a 
neighborhood are consistently related to increased levels of fear (Brunton-Smith 
and Sturgis  2011 ; Porter and Purser  2010 ). 

 The level of collective effi cacy  in a neighborhood conditions residents’ fear of 
crime . If residents perceive the people in their neighborhood truly work together as 
a social unit in opposition to crime , then they are likely to have less fear. In contrast, 
those who feel isolated from their neighbors and their community will have higher 
levels of fear. Strong collective effi cacy represents the willingness of people to 
intervene in the social disruptions  that erupt in the neighborhood (Sampson and 
Raudenbush  1999 ; Skogan  1990 ). This action gives residents a sense of empowerment 
that they can do something to lower the crime in their neighborhood. If residents 
feel they have some control over the disturbances in their neighborhood, they are 
likely to have decreased levels of fear. In contrast, neighborhoods characterized by 
frequent social disruptions in which residents do not intervene foster an environ-
ment of fear. Fearful residents are not likely to seek out others and maintain only 
limited networks in the community. Residents who work together to maintain order 
in the neighborhood build collective effi cacy. The concepts of collective effi cacy 
and social disorder  are interdependent and both are related to fear. 
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 Residents who are actively engaged in the neighborhood are more likely to care 
about the appearance of the area than those who are disconnected from the neigh-
borhood social networks  (Skogan  1990 ). An area plagued by dilapidation is often 
perceived as an unsafe area. While physical disorder  is not in itself frightening, 
the implication is that people who live in these disordered areas do not care about 
the upkeep or safety of their neighborhood (Bursik and Grasmick  1993 ; Skogan 
 1990 ). The physical environment affects social interactions as well. Skogan ( 1990 ) 
reports that residents in neighborhoods with greater disorder  tend to have higher 
levels of fear because they interact less with their neighbors (see also Doran and 
Lees  2005 ). Even so, it is important to recognize that long-term residents in disor-
dered areas can normalize the disorder. In fact, researchers indicate that a dramatic 
change in the level of disorder must occur for residents to perceive the incivilities as 
a problem (Perkins et al.  1993 ; Taylor  2001 ).  

8.1.2     Theoretical Concepts and Policing  

 Research indicates residents are more concerned about the elements of physical and 
social disorder  in their neighborhood than they are about even more serious crimes 
that might occur close to their homes (Skogan  1990 ). Residents are faced with evi-
dence  of incivilities on a daily basis and confront these issues as a part of their daily 
routines. The disorder  is more present and more relevant to residents than potential 
incidents of criminal behavior. Wilson and Kelling ( 1982 ) suggest if police  in the 
neighborhood concentrate their efforts on improving deteriorating conditions and 
imposing controls to curb social disruptions , the perception is that police offi cers  
care about neighborhood residents’ quality of life (see also Dixon and Maher  2005 ; 
Trojanowicz and Bucqueroux  1992 ; Wilson and Kelling  2006 ). Braga et al. ( 1999 ) 
found strict adherence to maintaining social order , and offi cers’ involvement in 
removing the physical signs of disorder helped to reduce criminal incidents in high- 
crime   neighborhoods in Jersey City. The physical improvement efforts included 
removing trash from the streets and securing vacant lots. Efforts to control social 
order included offi cers dispersing groups of loiterers and initiating “stop and frisk” 
of suspicious persons. These efforts demonstrated the police offi cers were not only 
aware of the incivility problem but were willing to be involved in the upkeep and 
order of the neighborhoods. 

 Proactive policing  strategies  focused on eliminating disorder  can also be effec-
tive to curb more serious criminal behaviors  (Braga et al.  1999 ; Xu et al.  2005 ). The 
policy implications associated with broken windows theory  are that the levels of 
physical and social disorder  in a community need to be decreased to lower crime  
rates . Vindevogel ( 2005 ), for example, fi nds employing private security guards and 
sanitation workers to clear graffi ti and trash in the downtown areas leads to increased 
foot traffi c and greater feelings of safety. When police  offi cers  help facilitate the 
feelings of safety among residents, people are likely to be engaged in public spaces. 
Wilson and Kelling ( 2006 ) indicate policing strategies that minimize disorder will 
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also help build collective effi cacy  among neighborhood residents. The willingness 
of people to walk in their neighborhood builds trust and cohesion among residents 
by providing opportunities for people to get to know their neighbors (Sampson and 
Raudenbush  1999 ; Skogan  1990 ). 

 The theory  of collective effi cacy  indicates that instead of a focus on minimiz-
ing disorder , the social networks  among neighborhood residents need to be estab-
lished and strengthened to prevent crime  from happening. If residents have a 
strong bond of trust, they are willing to look out for one another and intervene to 
stop criminal behaviors  (Sampson et al.  1997 ). Morenoff et al. ( 2001 ) indicate 
that strong collective effi cacy  represents a level of social control  in neighbor-
hoods, which signifi cantly lessens homicide  rates. Understanding the relationship 
between disorder, collective effi cacy, fear of crime , and violent crime  incidents 
can help defi ne policing  strategies  that are most effective in a particular neighbor-
hood. Much research on neighborhood crime concentrates on collective effi cacy 
and disorder at the neighborhood scale, which is often defi ned according to census 
tract boundaries. Studies that consider the neighborhood as an aggregate of street 
blocks across a census tract area often ignore potential pockets of disorder or 
effi cacy within the neighborhoods (St. Jean  2007 ). That is, there are smaller block 
or block group areas within census tracts that might be characterized by high lev-
els of disorder, while the rest of the neighborhood experiences minimal disorder. 
A spatially explicit analysis of neighborhoods can identify how the pockets of 
disorder or effi cacy might relate to fear of crime differently across the geographic 
area. If these patterns are recognized, proactive policing resources can be utilized 
in a more effective manner to curb criminal behaviors.   

8.2     Spatial  Analysis  of Fear of Crime  and Calls for Service  

 To assess the relationships between fear of crime  and calls for service , we con-
ducted both nonspatial  and spatial regression  analyses. We conduct a secondary 
analysis using data from a study conducted in 2009 focused on situational policing  
in two neighborhoods in a large city in Delaware (Nolan et al.  in press ). The two 
neighborhoods are characterized as residential areas, located southeast of the 
business district, or the downtown area of the city. The data include variables on 
fear of crime , collective effi cacy , residential perceptions  of social and physical dis-
order , and calls for service to the police  department . 

 Census demographic information from 2010 for each of the census tracts is pre-
sented in Table  8.1 . All of the areas of study encompassed in this research are charac-
terized as low-income, high-crime  areas. The total population in the neighborhoods is 
5,563. Approximately half of the residents are male (51 %). The population in these 
neighborhoods is relatively young, with about 30 % of the population comprised of 
people under 18 years of age. The median age across the census tracts is 32 years. In 
terms of racial composition, whites represent over half of the population, about 63 %. 
Almost 18 % of the population reported they are of Hispanic origin, regardless of race. 
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The median household income across the census tracts is approximately $35,000. 
Low income is somewhat problematic in this area of the city; about 16 % of the indi-
viduals live in poverty. The census data indicates 5.6 % of the population is unem-
ployed, while just over half of the people in this area maintain employment (57 %).

8.2.1       Data 

 The data are in two different formats. Most of the data are measured by surveys, 
which we have geocoded  to the faceblock on which the respondent lives. Faceblocks 
are one side of a city block. For example, a city block such as Maple Street between 
the 3rd and 4th Avenues would contain two faceblocks: one for the northern side of 
the street and another one for the southern side of the street. Of the 306 faceblocks 
in the study area, we have survey responses from 105 residents living on 76 face-
blocks. These surveys capture the residents’ fear of crime , collective effi cacy , and 
perceptions  of disorder . The last piece of data which we use are the calls to police  
for the calendar year 2009, which are geocoded to the most exact location possible 
given the records, whether that is an address or an intersection of two streets. 
The calls to police included every call, although for this analysis, we extracted only 
the 533 calls for violent crimes . We are using these calls as a proxy for the neighbor-
hood’s crime  rate . While imperfect, because some crimes may go unreported and 
others generate multiple calls, this type of data has been successfully used in previ-
ous research (Braga et al.  1999 ). 

  Table 8.1    Census 
demographic information    N  

 Study 
area (%) 

 Total population (two census tracts)  5,563 
 Sex 
  Male  2,716  48.82 
  Female  2,847  51.18 
 Racial composition 
  White  3,006  62.65 
  African American  1,792  37.35 
 Hispanic (of any race)  1,057  17.50 
 Age 
  Under 18 years old  1,655  29.55 
  Median age  32.2 
 Median household income  34,873 
 Employment 

(population aged 16+) 
  In the labor force  
   Employed  2,320  56.99 
   Unemployed  227  5.58 
  Not in the labor force   1,524  37.44 
 Individuals below the poverty level  906  16.29 
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 The survey questions measuring fear of crime  were (1) How safe do you feel 
being out alone during the day? and (2) How safe do you feel being out alone at 
night? They are both coded as Likert scales ranging from 1 (very safe) to 4 (very 
unsafe) with high values representing greater fear. We combined these into a fear 
index with an unweighted average. 

 The survey questions measuring collective effi cacy  were measured through both 
social cohesion  and shared expectations. Social cohesion was measured by the fol-
lowing questions, which are also coded as Likert scales ranging from 1 (very likely) 
to 4 (very unlikely): (1) people are willing to help their neighbors, (2) this is a close- 
knit neighborhood, (3) people in this neighborhood can be trusted, (4) people in 
this neighborhood generally don’t get along with each other (reverse coded), and 
(5)  people in this neighborhood do not share the same values (reverse coded). Shared 
expectations were measured by fi ve questions that asked residents of the likelihood 
that their neighbors could be counted on to take action if (1) children were skipping 
school and hanging out on a street corner, (2) children were spray painting graffi ti on 
a local building, (3) children were showing disrespect to an adult, (4) a fi ght broke 
out in front of their house, and (5) the fi re station closest to home was threatened with 
budget cuts. The index for collective effi cacy is an unweighted average of all ten 
questions, and the questions marked as reverse coded are structured to ensure that 
higher values for all questions indicate less collective effi cacy. 

 We also measured the residents’ perceptions  of physical and social disorder  by 
asking the residents to identify whether each of the following conditions is a “big 
problem,” “somewhat a problem,” or “not a problem” in their neighborhood. We code 
“big problem” as 2, “somewhat a problem” as 1, and “not a problem” as 0. Social 
disorder  was measured by (1) people insulting or bothering others as they walk down 
the street, (2) groups of teenagers hanging out, (3) high noise levels, (4) bad elements 
moving in, and (5) people fi ghting and arguing. We did not defi ne the terms for the 
residents, letting them identify how much noise constituted a high level or what they 
considered bad elements. Physical disorder  was measured by (1) vandalism, (2) vacant 
houses, (3) people not keeping up their properties or yards, (4) litter and trash, and 
(5) vacant lots fi lled with trash. In both cases, the indices are unweighted averages 
where greater disorder has higher values in the index. 

 To convert the crime  data  to the faceblock spatial  resolution , we created a surface 
of violent crime  data using kernel density  estimation  (KDE) (Fig.  8.1 ) using a ker-
nel radius of 200 m, chosen to smooth out the surface to eliminate noise resulting 
from only using 1 year of data, while retaining spatial variation  across the study 
area. Even within this small study area, and after accounting for the lower rates 
along the boundaries of the study area due to edge effects, there is a strong variabil-
ity of the density of calls to police . The surface values at each of the points along the 
center of the faceblocks are then extracted from this surface to represent the density 
of calls to police for violent crimes in the local area surrounding the faceblock. 
These were joined to the survey responses in the regression  methods.

   To summarize, we have fi ve values for each faceblock in our study: residents’ 
fear of crime , residents’ perceptions  of social disorder , residents’ perceptions of 
physical disorder , collective effi cacy , and calls for service . Higher values 
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represent greater fear, more disorder , less effi cacy, and more crime  calls. 
Therefore, all expected relationships in the regression  analysis  are direct or have 
positive coeffi cients.  

8.2.2     Methods 

 We applied two forms of regression  to model relationship between fear of crime  and 
calls for service . The regression techniques  are standard ordinary least squares  
regression (OLS) and geographically weighted regression  (GWR) (Brunsdon et al. 
 1998 ). We choose GWR because the relationships between these variables may not 
be consistent across the entire study area, as is assumed by OLS regression. GWR 
allows, for example, a strong relationship between fear of crime  and calls for service 

  Fig. 8.1    Kernel density estimate surface of calls to police       
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in parts of the neighborhood where the police  are viewed by the residents as effec-
tive, but a weaker relationship where the residents do not trust the police and there-
fore do not call them even if there is a high crime rate . Thus, GWR will be able to 
isolate the pockets of disorder  or effi cacy as highlighted by St. Jean’s ( 2007 ) 
research. The GWR analyses used an adaptive-distance bandwidth set to include the 
30 nearest neighbors from the dataset. 

 The fi rst model in both regression  frameworks is a bivariate model relating 
the fear of crime  index from the survey as the dependent variable against 
faceblock- specifi c value of the KDE  surface for calls for service  as the indepen-
dent variable, which is a proxy for the violent crime  rate. Because fear of crime  
can be mediated by other neighborhood factors, as discussed above, we also 
tested a multivariate model including some of these neighborhood factors, 
namely, residential perceptions  of social disorder , their perceptions of physical 
disorder , and collective effi cacy .  

8.2.3     Results 

8.2.3.1     OLS  Results 

 The linear regression  results of the fi rst model simply comparing fear and calls for 
service  (Table  8.2 ) are marginally signifi cant, showing a marginally signifi cant 
positive relationship between the two. The coeffi cient is in terms of a unitless index, 
so is not directly interpretable by itself.

   The multivariate linear regression  including the mediating factors (Table  8.3 ) 
shows a stronger relationship between fear and collective effi cacy  rather than calls 
for service . While all of the relationships are direct, as expected, the only signifi cant 
relationship is that between collective effi cacy and fear of crime , in which higher 
levels of collective effi cacy reduce the fear of crime . In this multivariate regression, 
the relationship with effi cacy is signifi cant, even as the relationship between fear of 
crime and calls for service is not.

  Table 8.2    Regression results 
of fear versus calls for service   

 Calls for service 

 Coeffi cient  135.5 
  p -value  (0.059) 

   Table 8.3    Regression results of fear versus calls for service , residential perceptions  of disorder , 
and collective effi cacy    

 Calls for service  Social disorder   Physical disorder   Collective effi cacy  

 Coeffi cient  55.5  0.038  0.016  0.459 
  p -value  (0.432)  (0.412)  (0.703)  (0.0008) 
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8.2.3.2        GWR  Results 

 The relationship between fear and calls for service  in the fi rst statistical model 
(Fig.  8.2 ) does not yield a strong relationship; the relationship is not signifi cant in 
the vast majority of the study area. The single faceblock where the relationship is 
signifi cant may be an outlier or an artifact of edge effects from its position in a cor-
ner of the study area. Alternatively, the explanation might hinge on the fact that a 
playground is located on the south side of this faceblock. Residents who are fearful 
in this area might be more willing to call the police  in efforts to maintain a safe 
environment for the children who frequent the public space . This reinforces the 
OLS  results in which the bivariate relationship between these two processes was 
weak, albeit statistically signifi cant. As with our OLS analysis, our second GWR 
analysis added in additional terms to see if the relationship between crime  and fear 

  Fig. 8.2    GWR signifi cance map of fear versus calls for service for violent crime       
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of crime  is mediated by other factors. Maps for those other factors are given in 
Figs.  8.3 ,  8.4 ,  8.5 , and  8.6 .

       These maps show a complex spatial  pattern , which is masked by the nonsignifi -
cance of most variables in the linear regression  results. While the multivariate OLS  
only had signifi cance for collective effi cacy , the multivariate GWR  shows pockets 
of local signifi cance for all variables. This pattern shows stronger relationships in 
two regions of the study area. In the areas where there is a direct relationship 
between perceptions  of fear and calls for service , there is also a direct relationship 
between perceived physical disorder  and fear of crime . Likewise, where the rela-
tionships between fear and calls for service are inverse ones, so is the relationship 
between physical disorder  and fear. Collective effi cacy is signifi cantly and directly 
related to perceived fear in much of the area, while perceptions of social disorder  
are only related to fear in the area where the physical disorder and fear of crime  
relationships are inverse. However, in these areas, the relationships of fear with 

  Fig. 8.3    Multivariate regression—signifi cance of residential perceptions of social disorder       
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social disorder and collective effi cacy (which are in the expected direction) are 
stronger than the relationship of fear with physical disorder (which is in the oppo-
site direction). 

 The patterns of relationships that emerge among variables in the spatial  analysis  
support the existence of pockets of disorder  and collective effi cacy  within neighbor-
hoods, as proposed by St. Jean ( 2007 ). While we can hypothesize about why these 
differential explanations of the fear of crime  exist, it is beyond the scope of the cur-
rent research to defi nitively explain the causal elements. In fact, the physical char-
acteristics of the neighborhoods are relatively similar across the study area. The 
neighborhoods are primarily residential and are composed mostly of row houses. 
One potential explanation for the patterns is that certain characteristics of the resi-
dents might be infl uencing the results. Residents who have lived in the neighbor-
hood for a long period of time, for example, might have less fear than residents who 
are relatively new to the neighborhood. People who have lived in the area for an 

  Fig. 8.4    Multivariate regression—signifi cance of residential perceptions of physical disorder       
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extended period are accustomed to their surroundings. These residents experience 
fear of crime  only when there are dramatic changes in the level of disorder or 
crime in the neighborhood (Taylor  2001 ; Warr  1990 ). The impact and direction 
of the relationships between the variables of fear, calls for service , collective effi -
cacy, and disorder are impacted by the length of residence and changes in crime or 
disorder in the neighborhood. Because our study is based on one point in time, we 
cannot accurately gauge how these changes impact fear. 

 This study highlights the application of GWR  at a neighborhood scale. At 
other scales, different patterns may emerge related to other geographic processes. 
For example, a study including the entire city rather than these two economically 
homogeneous neighborhoods could illustrate the impact of higher or lower 
socioeconomic status neighborhoods on fear of crime , which can then inform 
city-wide policing  strategies  and policies. On the other hand, analysis at that 
wider scale could miss block-level factors like the potential impact of a 

  Fig. 8.5    Multivariate regression—signifi cance of collective effi cacy       
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playground, as we highlight above. The results of a geographically weighted 
regression  are dependent upon local conditions; thus, replicating this study in the 
cities of New York, Los Angeles, and Dallas would likely yield three different 
spatial  patterns  of the relationship between fear of crime  and the other neighbor-
hood characteristics. However, even though local conditions make each individ-
ual analysis unique, GWR is useful nonetheless because it recognizes and 
illustrates the uniqueness of different areas, allowing the police  to tailor their 
strategies to local conditions. Local analyses like what we have presented here 
can guide the approach of offi cers  to the local community, recognizing spatial 
variation  of attitudes within the neighborhood. These results show the impor-
tance of applying GWR within a policing context. Important lessons for the 
allocation of policing resources may be missed if only OLS  is conducted. These 
implications are expanded upon in the following section.    

  Fig. 8.6    Multivariate regression—signifi cance of violent crime calls for service       
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8.3     Potential Uses by Law Enforcement  Agencies  

 While policing  strategies  in the United States have historically taken a centralized 
reactive approach in which the main task is responding to complaints from residents 
of a community, the proactive community policing  model has become more promi-
nent since the 1980s (Goldstein  1990 ). In this approach, police  offi cers  develop 
more permanent relationships with residents to develop a rapport which, in turn, 
makes the offi cers more responsive and accountable when problems arise. In an 
ideal community policing model, police offi cers are responsible for a small part of 
the community, which allows them to develop strong relationships with the neigh-
borhood residents (Weisel and Eck  1994 ). 

 The success of community policing  programs also stems in large part from 
building community ties among residents, not just between residents and police  
offi cers . This fosters collective effi cacy  in the area, increasing the level of infor-
mal social control  (Reisig and Parks  2004 ). Neighbors who are willing to look out 
for one another and trust one another are more likely to spend time in public 
places, which will make them more likely to get to know their neighbors and thus 
build stronger interpersonal networks (Sampson and Raudenbush  1999 ; Skogan 
 1990 ; Wilson and Kelling  2006 ). The social cohesion  embedded in these networks 
provides a source for informal social control, making the residents more willing 
to intervene in problems that arise in their community. When this happens, poten-
tial offenders  perceive an environment with little opportunity for criminal behav-
iors , lowering the risk of crime . In this way, greater trust among a community’s 
residents will then make them more likely to informally observe their neighbor-
hood for suspicious behavior and intervene to prevent crimes, thus reducing the 
crime rate  more effectively than the traditional reactive model (Sampson and 
Raudenbush  1999 ). 

 Community policing , however, can be more resource intensive than the tradi-
tional reactive model of policing . Not only does community policing require 
offi cers  be on location in the neighborhoods, it is expected that offi cers are 
responsible for smaller patrol areas to build rapport with community members. 
Additionally, community policing can lack the immediately noticeable results of 
proactive strategies with their more publicly visible reactive approach, with its 
sirens and arrests. The combination of expense and lower profi le has led to recent 
changes and reductions in community policing efforts as a cost-cutting measure 
(Venkatesh  2012 ; Dumke  2013 ; Moore  2013 ). 

 The results of this chapter illustrate the value of maintaining targeted com-
munity policing  as a crime  reduction  strategy in specifi c areas within a neigh-
borhood, where they are likely to be most cost-effective. The local police  force  
could use this information to guide decisions on how to allocate its resources. 
For example, a proactive community policing  strategy  may be appropriate for 
the study area in the bottom part of the fi gures, where the relationship between 
fear of crime  and calls for service , as well as the relationship between fear and 
physical disorder , is inverse or contrary to what is theoretically expected. In this 
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area, the residents’ concern for their safety seems to be driven more by an 
absence of collective effi cacy  and a great deal of social disorder , both of which 
exhibit the expected direct relationships and both of which have lower  p -values 
(comparing Figs.  8.3  and  8.5  against Figs.  8.4  and  8.6 ). These multivariate rela-
tionships indicate that areas with higher fear have less effi cacy and more social 
disorder , but fewer calls to the police  for violent crimes . The apparent contra-
diction of a greater fear of crime with fewer calls to the police may be explained 
by the residents not trusting the police to be effective; if they do not feel the 
police will solve the crime or make them safer, they do not consider it worth-
while to call the police even if they have high levels of fear and perceive a great 
amount of social disorder. 

 The police  may want to target a more community-oriented strategy to particu-
lar segments of the neighborhood. This strategy should build trusting relation-
ships with the residents of the community, which will reduce the opportunities 
for potential offenders  in these specifi c areas of the neighborhood (St. Jean 
 2007 ). While community policing  efforts can make residents feel safer (Pate 
 1986 ; Reisig and Parks  2004 ; Skogan  1990 ), these efforts ideally require offi cers  
to walk small areas several times during each shift. These efforts can be under-
taken in conjunction with other outreach strategies such as storefront substations 
and placing offi cers in public housing projects. Local community policing  efforts 
improve residents’ perceptions  because the visibility of police offi cers can 
decrease perceptions of disorder  (Pate  1986 ), at least inasmuch as the residents 
trust the police force . Therefore, for these areas of the neighborhood, a commu-
nity policing strategy  aimed at improving trust between the residents and police 
offi cers can be more effective than the reactive strategy suggested by the broken 
windows theory  in which the police react to physical disorder  by cleaning it up. 
While Wilson and Kelling ( 2006 ) suggest a strategy of reducing physical disor-
der can also foster collective effi cacy , we fi nd that since physical disorder is, in 
these pockets, inversely correlated with fear of crime , a reactive strategy of 
reducing the physical disorder may not be as effective at ensuring the residents 
feel safer in their community. The spatial  analysis  approach can help the local 
forces identify places where the strategy of reducing disorder is ineffective and 
thus where a community policing effort may cause the greatest reductions in 
crime  incidence. 

 By decentralizing the policing  organization and engaging the police  in commu-
nity efforts to proactively reduce all of the potential contributors to crime , including 
disorder  and effi cacy, policing resources can be used more effi ciently (Weisel and 
Eck  1994 ; Goldstein  1990 ; Sampson et al.  1997 ). This spatial  analysis  demonstrates 
the utility of GIS  and spatial statistics in effectively analyzing the underlying con-
tributors to crime rates  and utilizing policing resources to meet the individual needs 
of each community. The value of GIS is reinforced because these patterns were all 
obscured by the nonsignifi cant coeffi cients in the OLS  regression , but revealed by 
the GWR analysis .     
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    Abstract     This chapter describes the potential utility of geospatial  analysis  as 
applied to monitoring, understanding, and responding to police  use-of-force  inci-
dents . Data are drawn from 1,240 offi cial use-of-force reports in the City of Seattle, 
representing a two and a quarter year period. Each report includes offi cer  identifi er 
information, suspect demographic information, a categorization of the type of 
suspect resistance and how force was applied, as well as information about loca-
tion, booking, injuries, and evidence  of impairment or suspected impairment. In 
addition to coding these administrative data elements, the authors coded the 
content of the offi cer narratives with regard to the nature of offi cer-suspect interac-
tions as well as relevant Graham factors. Force and resistance levels were classifi ed 
based on complementary scales    drawing from previous research. All use-of-force 
data was attributed to geocoded  incident locations. A series of maps and basic 
spatial  statistics demonstrate how GIS  can assist in understanding the nature and 
scope of police use of force  and potentially improve the quality of police monitoring 
and accountability mechanisms.  
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9.1         Introduction 

 There are three broad themes in the study of policing  that suggest a strong utility in 
using Geographic Information  Systems  (GIS) to monitor and investigate  police  use 
of force : (1) the importance of police use of force  to understanding democratic 
policing ; (2) the importance of place in criminology /criminal justice  generally, and 
in policing specifi cally; and (3) the importance of understanding the spatial  context 
of police use of force for effective monitoring and response, particularly as it per-
tains to issues of social justice  and questions about disparate impact. 

 First, the use of force  by the police  is a topic of central concern for democratic 
policing . We entrust our police with tremendous powers of coercion and therefore 
demand oversight to ensure that democratic ideals are being upheld. The commonly 
embraced themes of  accountability  to the public,  transparency  and  openness  to 
external scrutiny, and  fairness  in policing  suggest the principal concern of demo-
cratic policing is not the behavior of citizens, but rather the actions of the police 
(Hickman  2010 ). Yet, the second largest democracy in the world (and arguably the 
leading global advocate of democracy) actually has very little to offer in terms of 
knowledge about the nature and extent of police use of force . The late police 
practitioner and scholar James Fyfe ( 2002 : 99) remarked that “… we still live in a 
society in which the best data on police use of force come to us not from the govern-
ment or from scholars, but from the  Washington Post .” Robert Kane ( 2007 : 776), a 
 student of Fyfe’s, likewise has argued that “… it is both ironic and unacceptable that 
in American democratic society, the police, which function as the most visible rep-
resentatives of the crime  control  bureaucracy, collect data on members of the public 
in the form of arrest and complaint reports without systematically distributing 
comprehensive data on their own activities that produced those crime statistics .” 

 A recent literature review (Hickman et al.  2008 ) identifi ed 36 studies reporting 
an incident-based rate of police  use of force  and found that the majority of studies 
were based on data from a single jurisdiction and the methods were quite diverse 
(including arrest reports, household surveys, independent observations, police sur-
veys, suspect surveys, and offi cial use of force  forms), as were the units of analysis 
(arrests, contacts, citizen encounters, disputes, police stops, potentially violent 
mobilizations, suspect encounters, and calls for service ). Somewhat unsurprisingly, 
across 36 studies reporting on the amount of nonlethal force used by the police, 
rates varied from about a tenth of one percent up to almost 32 %. The bottom line is 
we simply do not know how often the police in the United States use force upon its 
citizens, to what degree, and with what consequences (Kane  2007 ). 

 Second, the fi eld of criminology /criminal justice  broadly, and policing  specifi -
cally, has widely embraced the importance of place (Sampson  2013 ). The currently 
popular mode of operation in policing is even called “place-based” policing 
(Weisburd  2008 ; Weisburd et al.  2009 ), owing to its clear transition away from crim-
inology’s traditional focus on high rate offenders  (Wolfgang et al.  1972 ) to high rate 
locations (Sherman et al.  1989 ). The use of GIS  to analyze police  crime  data , com-
bined with a microlevel focus (down to the level of “street segment”), has resulted 
in potentially new or greater effi ciencies for the police, along with renewed interest 
in the effects of targeted foot patrol (e.g., Ratcliffe et al.  2011 ) and dosage models 
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aimed at maximizing deterrence effects at hot spots  (Koper  1995 ) which have been 
increasingly employed in practice. 

 Third, the literature suggests that neighborhood context is important in explaining 
variation in coercive and analogous police  behaviors. Prior to the development of the 
literature on the neighborhood context of police behavior, much of the research focus 
had been on individual offi cer  characteristics and group  socialization. Yet classic 
observational studies of the 1960s (Black and Reiss  1967 ; Skolnick  1966 ; Wilson 
 1968 ; Rubenstein  1973 ) demonstrated differential police behavior across neighbor-
hoods and provided much of the impetus for later quantitative study. For example, 
Smith’s ( 1986 ) study of data drawn from the Police Services Study (PSS) found that 
the racial composition of neighborhoods (percent non-white and racial heterogene-
ity) predicted police coercion including physical force  and verbal threats. Alpert and 
Dunham ( 1988 ) used neighborhood as the unit of analysis to explore the public’s 
perception of the police and police practices. They found that “… residence in a spe-
cifi c neighborhood is a more infl uential factor than gender or ethnicity in explaining 
variance in attitudes toward policing ” ( 1988 : 119). Theories regarding ecological 
variation in police behavior also grew out of this genre of empirical research. More 
recently, drawing data from the Project on Policing Neighborhoods (POPN), 
Mastrofski et al. ( 2002 ) found that police disrespect toward the public (racial slurs, 
cursing, derogatory statements, name calling, etc.) was more likely in neighborhoods 
characterized by concentrated disadvantage . Terrill and Reisig ( 2003 ), using the same 
data, found that concentrated disadvantage and homicide  rates were predictive of the 
level of force  used by police. As another example, Kane ( 2002 ) demonstrated that 
structural disadvantage, population mobility, and change in Latino population pre-
dicted police misconduct across police precincts  and districts of New York City. 

 Given evidence  of ecological variation in police  behavior, including the use of 
force , it is clearly important to understand the spatial  distribution  of force in order to 
have effective monitoring and response. The initial development of early warning 
systems (and later early intervention systems) tended to be based on simplistic 
“three strikes” types of approaches in which individual offi cers  who exhibited a 
predefi ned pattern of behavior (such as three use-of-force incidents  in a fi xed period 
of time) were fl agged for intervention. These models can be considered ineffi cient to 
the extent that they ignore variation in police behavior by location (and other factors, 
such as offi cer assignment and specifi c training). For example, it may be that a cer-
tain level of use of force is considered “normal” (i.e., average) in some locations but 
very abnormal in other locations. Should we be worried about offi cers who exceed 
a particular fi xed threshold, or offi cers whose behavior is substantially different 
from their peers in the same work context or the department as a whole? This also 
has potential implications for the allocation of investigative  resources, which may be 
more effi cient under a context-based approach particularly in larger jurisdictions. 

 Ignoring underlying theoretical processes may also contribute to ineffi ciency, 
insofar as offi cer  characteristics and work environments interact. For example, sub-
sequent personnel actions, such as mandatory training, counseling, and transferring 
offi cers to other districts or units, could result in negative or otherwise unanticipated 
outcomes (e.g., placing an offi cer in another work context that actually increases 
his/her risk of use of force ). 
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 Finally, it is important to move away from understanding force  in terms of its raw 
incidence and toward consideration of the dynamics and context of force events. 
Alpert and Dunham’s force factor  model (Alpert and Dunham  1997 ,  2004 ; Alpert 
et al.  2001 ) has been well received as an effi cient means of understanding the level 
of police  force  relative to suspect resistance, using both the highest level of force in 
the event and a sequential analysis of the use-of-force event (see Terrill et al.  2003 ). 
This approach challenges traditional use-of-force management systems and allows 
for an analysis of the highest levels of force and resistance  as well as those at differ-
ent stages of the event. There is to date no research on the spatial  distribution  of 
force factors, but the literature strongly suggests there should be important spatial 
variation  in these force differentials. 

 In sum, there is ample evidence  in the literature that suggests there is strong util-
ity to using GIS  in monitoring and investigating police  use of force  and doing so 
with rich information about the specifi c event dynamics. In the next section, we 
describe the data and methods we used to develop information about police use of 
force  in Seattle. In subsequent sections, we provide a basic descriptive overview of 
the use-of-force data and then move into the spatial  distribution  of force incidents  
with an eye toward highlighting the potential applications in monitoring, under-
standing, and responding to police use-of-force incidents.  

9.2     Data and Methods 

 The data were drawn from offi cial Seattle Police  Department  (SPD) Use of Force  
reports that were produced to the US Department of Justice as part of their recent 
(2010–2011) “pattern or practice” investigation  in that city. The authors requested and 
were provided with the same material, a series of PDFs containing scanned images of 
SPD use-of-force reporting forms and related supporting documents during the period 
January 2009 through March 2011, amounting to 1,240 use-of-force records in all. 

 Data for this study were coded from the content of the offi cial SPD Use of Force  
reports. 1  Each report included offi cer  identifi er information, suspect demographic 
information, a categorization of the type of suspect resistance and how force was 
applied, as well as information about location, booking, injuries, and evidence  of 
impairment or suspected impairment. The fi rst four pages of these reports (more if 
supplemental forms are required) are comprised of text entries and check boxes which 
were coded into a computer database using a numeric coding system. The remainder 
of the report packet varied depending on the presence of supplemental documenta-
tion, report narratives, photographs, Washington Crime  Information Center (WACIC) 

1   The researchers recognize the potential bias of offi cer  accounts of use of force . These reports 
include statements from the offi cer, the witnesses , the investigating supervisor, and the chain of 
command involved in the review process, but not the subject of the action. Further, these reports 
are written for the purpose of documenting justifi cation for the application of force and as such 
may contain an inherent bias toward police . This is not to say that these reports are inaccurate; 
rather, these are offi cial statements given by sworn offi cers whom we presume are giving the most 
accurate statement possible. 
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reports, Labor and Industry (L&I) claim forms, and computer- aided dispatch (CAD) 
call logs as well as document routing information and other administrative documen-
tation. These data fi elds were entered as they appeared in the record. 

9.2.1     Force  Factors 

 In addition to the variables contained in the form, the narrative reports were read 
and offi cer -suspect interactions were coded with offi cer force  and suspect resistance 
classifi ed based on complementary scales drawing from previous research (Alpert 
and Dunham  2004 ). For each record in the dataset, a  static force    factor   was calcu-
lated, comparing the maximum force applied by the offi cer to the maximum level of 
resistance (i.e., offi cer force level minus suspect resistance level). The static force 
factor takes on numeric values ranging from −6 to 6 (see Table  9.1 ).

    Table 9.1    Suspect resistance and offi cer force  levels   

 Level  Description  Level  Description 

 Resist 1  No resistance. The subject is offering 
no resistance or threat 

 Force  1  Offi cer presence in uniform or 
marked police  vehicle 

 Resist 2  Verbal resistance to complying with 
lawful orders. Subject may 
challenge authority or standing 
and may present as “dead 
weight” 

 Force  2  Issuance of lawful orders and light 
physical contact to include 
guiding, leading, and/or 
handcuffi ng. No intentional 
infl iction of pain for the purpose 
of compliance 

 Resist 3  Use of posture and verbal threats of 
physical violence.  Subject may 
attempt to intimidate or otherwise 
pose a physical threat to offi cers  

 Force  3  Chemical agents for the purpose of 
crowd dispersal or distraction. 
Tactic is often reserved for large 
gatherings, civil disobedience, 
and fi ght disturbances 

 Resist 4  Physical noncompliance including 
refusal to give up hands for 
cuffi ng and attempts to fl ee 

 Force  4  Physical control tactics such as 
pain compliance holds, joint 
manipulation, and open handed 
strikes 

 Resist 5  Active physical resistance to 
compliance. Subject may attempt 
to strike offi cers,  kick, and 
struggle free from holds and 
compliance positions 

 Force  5  Advanced physical control tactics 
including closed fi sted strikes, 
knee and elbow strikes to the 
body and the extremities 

 Resist 6  Use of nonlethal weapons to injure 
or otherwise actively assault  
offi cers.  Drug paraphernalia, 
beverage containers, and rocks 
may be employed as cutting and 
impact weapons 

 Force  6  Intermediate weapon use, 
deployment of electronic 
control weapons and impact 
weapons for pain compliance, 
and strikes to the body and 
extremities 

 Resist 7  Use of lethal force  as presented by 
whatever means are available: 
fi rearms, knives, and motor 
vehicles 

 Force  7  Use of lethal force  including 
carotid artery holds, head 
strikes, and intentional 
discharge of fi rearms 
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   For example, if the maximum level of suspect resistance was “Resistance 4,” and 
that was met with a comparable level of offi cer  force  (“Force  4”), this would result in 
a static force factor  equal to 0, indicating a proportional response. If the offi cer used 
a higher level of force, say Force 5, then the corresponding force factor would be +1, 
indicating the offi cer used one level of force higher than the degree of suspect resistance. 
If the offi cer used a lower level of force, say Force 3, the force factor would be −1. 

 In addition to the static indicator of maximum force  and resistance , we also 
coded  dynamic force factors   throughout the force incident. Narratives from all 1,240 
cases were read, and we coded up to ten iterations of dyadic action/reaction using 
the same coding scheme as was used to code the static force factor. This analytic 
scheme helps assess how force incidents  evolve from the perspective of the offi cer  
and provides a dynamic overview of the incident from start to fi nish. Where multiple 
offi cers or suspects are involved, their actions are represented as a composite. 

 Weapon draws are a problematic area in use-of-force  research. Some parties con-
tend that a weapon draw is a use of force, while others contend that it is at most a 
threat of force, and still others argue either side depending on the level of the draw, 
other actions, and the motives of the offi cer  with regard to safety. 2  Lethal force , for 
the purposes of this study, was only coded when the offi cer used an impact weapon 
on an area of the body with potential to cause lethal injury (such as a head strike), 
used a carotid artery hold/restraint, or discharged a fi rearm. 

 All incident addresses were geocoded  using an address locator generated from 
Census street fi les. Of the 1,240 use-of-force  reports, 12 incidents occurred outside 
the greater Seattle metropolitan area and were not geocoded for spatial  analyses . 
The projection and datum for all geospatial  data  is the State Plane for Washington 
North and North American Datum 1983 HARN, and the units of measurement are 
US feet. All statistical analyses reported here were performed in SPSS 19 (IBM), 
and all spatial analyses were performed in ArcGIS 10 (ESRI).   

9.3     Analysis 

 We begin with a brief descriptive review of the 1,240 force  incidents , and then move 
into the spatial  analyses  with a focus on understanding the spatial distribution  of 
force factors  in Seattle. First, it is important to recognize that the use of force in 
Seattle, like other cities, is a relatively rare event. Standardized by arrest activity, the 

2   From a legal  perspective, courts  have upheld the right of offi cers  to protect themselves against 
unknown or potentially threatening situations by drawing and pointing a fi rearm when it is reason-
able to do so. During the study period, SPD offi cers did not report weapon draws consistently. In 
fact, the lead author was on scene at one of the use of force  incidents  that occurred during the study 
period, as a ride-along observer on unrelated fi eld research (Hickman et al.  2011 ). In that incident, 
there was a weapon drawn and pointed at the suspect that went unreported in the subsequent use-
of-force report. Sometimes there are references in reports to other offi cers providing “lethal cover,” 
or references are made to “felony stop” or “high risk stop” procedures. Insofar as weapon draws 
were not consistently reported, we were faced with a substantial measurement problem. 
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police  in Seattle use force at the rate of about 2.4 incidents for every 100 arrests. 3  
On average, Seattle police made about 1,880 arrests per month during the study 
period, and there were an average of 46 use-of-force incidents per month. This rate 
is fairly consistent over the study period, with monthly rates varying from 1.9 to 3.1 
per 100 over the two and a quarter year period. This rate has also been consistent 
over the past decade in Seattle, as reported in SPD annual reports. Use of force is 
more frequent on weekends and during the late evening/early morning hours. 

9.3.1     Type of Offenses 

 Offi cers  recorded the type of incident on their use-of-force  reporting forms. This 
indicates the general nature of the dispatch or on-view incident and associated inci-
dent characteristics. These characteristics are not mutually exclusive, so several 
type characteristics may be indicated for a particular incident. Forty percent of the 
incidents were reported as involving some type of felony, and 38 % involved non- 
felonies. Fights or disturbances were indicated in 30 % of incidents. About 1 in 5 
use-of-force incidents  involved violent crimes  and/or were drug  related. Eighteen 
percent were characterized as dealing with a mental/suicidal suspect. Domestic vio-
lence  was indicated in 15 % of use-of-force incidents.  

9.3.2     Suspect Characteristics 

 The vast majority of use-of-force  incidents  (94 %) involved a single suspect on 
whom force was used. The median age of suspects was 29, and ages ranged from 12 
to 78 years. Eighty-seven percent of suspects were male. Regarding race, 45 % were 
white, 40 % black, 5 % Asian, 3 % American Indian, and 6 % “others.” These racial 
proportions are roughly comparable to the race distribution for all arrestees during 
the study period. For example, whites comprised 50 % of all arrestees and 45 % of 
those upon whom force was used during the study period, blacks comprised 38 % 
of all arrestees and 40 % of those upon whom force was used, Asians comprised 
6 % of all arrestees and 5 % of those upon whom force was used, and American 
Indians comprised 3 % of both the arrestee and force populations. 

 Some suspects exhibited impairments that affect judgment and behavioral 
decision- making. There was no evidence  of impairment noted for 26 % of suspects 

3   Finding truly comparable use of force  data remains a challenge for researchers. The earlier noted 
review of 36 studies found great variability in methods, defi nitions, and units of analysis, leading 
to widely varying rates. However, among those studies using offi cial use-of-force reports for a 
given time period and calculating rates based upon arrests during the same time period, Seattle’s 
rate is fairly comparable. For example, Terrill ( 2003 ) reported a rate of 1.8 per 100 arrests in San 
Antonio, TX; Williams and Hester ( 2003 ) reported a rate of 0.9 per 100 in Polk County, FL; the 
Seattle Police  Department  previously reported a rate of 2.1 per 100 arrests (Seattle Police 
Department  2001 ); and Croft ( 1985 ) reported a rate of 1.9 per 100 arrests in Rochester, NY. 
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in use-of-force  incidents . About half of suspects exhibited signs of intoxication 
(either drugs  or alcohol ). In about a third of cases, suspects specifi cally indicated to 
the offi cer (s) that they had been using drugs and/or alcohol (32 %), exhibited ram-
bling or incoherent speech (33 %), or smelled of alcohol (36 %). Slurred speech 
(24 %) and poor balance (17 %) were also noted impairments. A possible mental 
illness, suicidal intentions, or delusional behavior was noted in 28 % of incidents. 

 Suspects fl ed from offi cers  in about a quarter of incidents, by either foot (26.5 %) 
or motor vehicle (3.1 %). These fi gures also include a small subset of cases in which 
suspects fl ed by both motor vehicle and foot. Suspects complained of injury in 51 % 
of incidents (although this refers only to the fi rst suspect reported and is thus con-
servative), and suspects were reported by offi cers as visibly injured in 69 % of 
incidents, but the injuries were sometimes a result of something that happened prior 
to police  involvement. Among those suspects complaining of injury, 20 % specifi -
cally refused treatment. The majority were treated by EMS personnel at the scene 
or at a police precinct . In 14 cases (or about 1 % of all use-of-force  incidents ), sus-
pects were treated and admitted to a hospital.  

9.3.3     Offi cers  Involved 

 Eighty-one percent of all incidents involved force  used by either a single offi cer  
(48 %) or by two offi cers (33 %). Another 12 % involved force used by three offi -
cers. There were 650 unique offi cers involved either as fi rst responding offi cers or 
as backing offi cers in the 1,240 use-of-force incidents  during the study period. It is 
important to note that not all offi cers were accounted for; we recorded up to six 
offi cers involved, but there were a few incidents that exceeded that range, including 
one incident that involved 29 offi cers. About a third (34 %) of the offi cers in the 
use-of-force data were involved in a single incident during the study period, about 
half (53 %) in one or two incidents, two-thirds (66 %) in one to three incidents, and 
about three quarters (76 %) in one to four incidents. Ninety-fi ve percent of offi cers 
in the use-of-force data were involved in less than ten incidents during the study 
period. Thirty-one offi cers (about 5 %) were involved in 10 or more incidents during 
the study period, and there were three offi cers (about 0.5 %) who were involved in 
20 or more use-of-force incidents during the study period. 

 Offi cer injuries were reported in 17 % of incidents, although this fi gure relates 
only to the fi rst offi cer  reported and is thus conservative. Offi cers typically 
 self- treated or were treated by EMS personnel.  

9.3.4     Force  Factors 

 In nearly half (48.5 %) of all incidents, the highest level of suspect resistance was 
“defensive resistance” (see Table  9.1 ). Next most frequent was “active resistance,” 
with one quarter (25 %) of incidents falling in that category. In about 4 out of 10 
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incidents, the highest level of offi cer  force  was “defensive physical force .” The next 
most frequent was the “use of an intermediate weapon,” with almost 3 out of 10 
incidents falling in that category. About one quarter (24 %) of incidents involved 
offi cers using “offensive physical force .” 

 The distribution of force  factors  (i.e., level of offi cer  force  minus level of suspect 
resistance) is displayed in Fig.  9.1 . A value of “0” indicates that police  force was 
proportional to suspect resistance, positive values indicate offi cers using a higher 
level of force compared to suspect resistance, and negative values indicate offi cers 
using a lower level of force compared to suspect resistance. In general, offi cers fol-
lowing a force continuum model will use a higher level of force in order to over-
come a given level of suspect resistance, thus +1 events (and to some extent, +2 
events, some of which may be an artifact of skipping over OC [Oleoresin Capsicum] 
spray, 4  or going to an intermediate weapon such as the Taser rather than physically 
fi ghting an individual)    are to be expected. Overall, about 80 % of use-of-force inci-
dents  fell in the 0–2 range, and about 14 % fell in negative categories. The remain-
ing 6 % were in the 3–5 range.

4   Oleoresin Capsicum spray or “OC spray” as it is referred to here is a chemical irritant utilized in 
policing . A lachrymatory agent (from the Latin for “tear,”  lacrima ), pepper spray, as it is more 
commonly known, is a derivative of a chemical common to the genus Capsicum, capsaicin. Used 
in a variety of delivery methods, OC spray, as referenced here, is an emulsifi ed spray at concentra-
tions between 5 and 10 % and is usually directed at the face of a single subject, causing pain, 
temporary blindness, and respiratory symptoms, or a crowd (usually for respiratory effect) and is 
an effective pain compliance/crowd dispersal method accepted by most civilian law enforcement  
agencies . 

  Fig. 9.1    Percentage of use of force incidents by force factor (force–resistance   )       
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   Since the static force  factor  only captures the maximum levels of offi cer  force  
and suspect resistance, an examination of dynamic force factors may help to under-
stand the evolution. As previously mentioned, we coded up to ten dyadic iterations 
of offi cer-suspect actions. More than half of all cases end by the fourth iteration. 
Figure  9.2  shows the average levels of offi cer force and suspect resistance at each 
iteration. Overall, offi cers on average entered situations at a force defi cit, and tran-
sitioned to a force surplus by the third iteration, refl ecting initial attempts to reason 
with noncompliant suspects either with voice commands or limited physical 
contact.

9.3.5        Understanding the Spatial  Distribution of Force  
Incidents and Force Factors 

 The West Precinct, which serves the downtown core of the city, has the largest pro-
portion of use-of-force  incidents  (34 %), followed by the South Precinct (21 %). 
The North and East precincts each account for about 17 % of incidents. The 
Southwest Precinct had the lowest proportion of use-of-force incidents (10 %). 
Each of these precinct areas serves distinct commercial and/or residential communi-
ties and has differing social services and criminal justice  infrastructure. 

9.3.5.1     West Precinct 

 Serving the Magnolia, Queen Anne, Downtown, and a portion of the East census 
neighborhood districts, the West Precinct is a diverse mix of demographics (see 
Table  9.2 ). The precinct covers the geographic area south of Lake Union and the 

  Fig. 9.2    Dynamic force and resistance levels       
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Ship Canal, north of the West Seattle Bridge, and west of Interstate 5 to the Seattle 
Waterfront. In addition to high rise, high density apartment, and condo complexes, 
the West Precinct is home to the social center of Seattle, the seat of government for 
King County and the City of Seattle, regional headquarters for many federal agen-
cies and the fi nancial center of the Pacifi c Northwest.

   During the 1999 World Trade Organization Riots (often referred to as the “Battle 
in Seattle”), the West Precinct, along with the East Precinct, saw the bulk of police  
control action. Today many social demonstrations take place in this area. 
Additionally, the West Precinct is home to one of the largest open air drug  markets 
on the west coast and hosts a large population of homeless and disadvantaged per-
sons seeking social services, which are also located in the area. The area is also 
characterized by two nightlife districts, Belltown and Pioneer Square, which are 
associated with a signifi cant number of use-of-force  incidents  during the evening 
and weekend hours.  

9.3.5.2     South Precinct 

 The South Precinct, including the Greater Duwamish and Southeast neighborhood 
districts, is the second largest precinct area in the city (see Table  9.2 ). The South 
Precinct follows Martin Luther King Boulevard and Rainier Avenue south through 
the Rainier Valley. Located between Interstate 90 to the north and the Seattle City 
limits to the south, Lake Washington to the east, and the Duwamish industrial dis-
trict to the west, the South Precinct serves a mixed population of residential and 
industrial areas amid gentrifying neighborhoods. 

 The relatively high concentration of young persons of color in the South Precinct 
may contribute to a higher association with gang violence  and activity than any-
where else in Seattle. A cursory analysis of crime  data  from the fi rst quarter of 2013 
suggests the area may have a slightly higher rate of “Criminal Homicide.” 5  However, 
compared to the West and North Precinct areas, the incidence of assault  is nearly a 
third lower. Similarly, burglary  and larceny  occur at a lower rate. Of the instances of 
“Forcible Rape,” none occurred in the South Precinct areas.  

9.3.5.3     North and East Precincts 

 The North and East Precinct areas are characterized primarily by residential neigh-
borhoods and academic institutions with localized concentrations of divergent 
demographics (see Table  9.2 ). The North Precinct, Seattle’s largest precinct area, 
encompasses all areas north of the Lake Union Ship Canal/Montlake Cut waterway 
and includes the neighborhood districts of Ballard, Lake Union, Northeast, North, 

5   Crime  statistics are maintained on a monthly basis and are published for public viewing on the 
Seattle Police  Department ’s website. Statistics were accessed on the web at  http://www.seattle.
gov/police/crime/stats.htm 
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and the Northwest areas. The East Precinct is bounded by the Lake Union Ship 
Canal/Montlake Cut waterway to the north, Lake Washington to the east, Interstate 
90 to the south, and Interstate 5 to the west, and serves the East and Central neigh-
borhood districts. 

 While primarily residential, characterized by localized micro-downtown com-
munities such as Greenwood, Laurelhurst, Madison Valley, Capitol Hill, and the 
Central District, these precinct areas also host two major universities (the University 
of Washington and Seattle University). Rates of “Criminal Homicide” are higher in 
the East Precinct, though caution should be used in generalizing such limited data. 
Similarly, rates of burglary  and larceny  are higher in the North Precinct; however, 
given the area and population contained therein (277,000 people) living in a largely 
residential setting, a higher incidence of these events is to be expected.  

9.3.5.4     Southwest Precinct 

 Finally, the Southwest Precinct, containing the Southwest and Delridge neighborhood 
districts, has the lowest share of force  incidents  in this study. The Southwest Precinct 
is bound to the west and north by Puget Sound and Elliot Bay, the east by the Duwamish 
River, and the south by the city limits. The Southwest Precinct serves a primarily resi-
dential population with a relatively low occurrence of police  use of force .   

9.3.6     Within Precinct Variability and Hot Spots 

 Precinct-level fi gures on use of force  mask important local spatial  variation  within 
Precincts. Figure  9.3  is a point map of the greater Seattle area, where each point 
indicates a use-of-force incident. As can be seen, use-of-force incidents  are distrib-
uted across the entire city. A cursory visual inspection suggests some clustering  and 
other patterning in the distribution of incidents. Statistical tests for clustering verify 
the visual impression: the Average Nearest Neighbor test is signifi cant with an 
observed mean distance between nearest neighbor incidents of 461 ft, compared to 
an expected mean distance of 690 ft if the incidents were spatially random. 6 

   In Fig.  9.4 , we present a kernel density  estimation  (KDE) using the incident data. 
The cell size was set to 50 ft, and the search radius set to 1,000 ft (search radii greater 
than 1,000 ft resulted in over-smoothing and less than 1,000 ft in under- smoothing). 
Thus, in estimating the density of use-of-force  incidents  at a particular cell in the 
raster, incidents within a 1,000 ft radius are considered (with incidents located closer 
to the center of the cell weighted more than those near the edge of the search radius). 
Following Gorr and Kurland’s ( 2012 ) suggestions, the density surface was 

6   The resulting nearest neighbor ratio is .67, and the corresponding z-score is −22.21, indicating 
signifi cant clustering  of incidents at  p  < .001. The study area was specifi ed as 83.9 square miles, the 
offi cial land area of Seattle as determined by the Census Bureau. 
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symbolized using 1/3 standard deviations as the classifi cation method. Rather than 
display the entire density surface, the boundaries of the resulting use-of- force “hot 
spots ” (using the two highest density classes) are depicted in the map as contours.

   There are a number of locations where higher densities of police  use of force  are 
evident (see Fig.  9.4 ). Starting in the North Precinct, four small clusters  were iden-
tifi ed. 7  In the downtown core of the West Precinct, there is a large clustering that is 
diffi cult to disentangle due to the substantial concentration of activity in that area. 8  

7   The northernmost cluster  bridges the Olympic Hills and Cedar Park neighborhoods of Lake City, 
in the vicinity of 125th NE and Lake City Way. The next two northernmost clusters are located in 
the North College Park neighborhood. The fi rst of these clusters is actually centered on the SPD 
North Precinct Headquarters (an artifact of uses of force  within the police  facility), while the sec-
ond cluster consists of incidents along Aurora Ave. between N 85th and N 90th Streets. The last 
cluster in the North Precinct is in the University District (the area around the University of 
Washington) in an area along University Way NE between NE 45th and NE 50th Streets. 
8   The cluster  includes the Belltown, Pike Place Market, Central Business District, Pioneer square, 
and International District neighborhoods and smaller clusters around Seattle Center (the fair-
grounds site of the 1962 World’s Fair, and location of the iconic Space Needle) including lower 
Queen Anne. 

  Fig. 9.3    Use of force 
incidents in Seattle, January 
2009 through March 2011       
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In the East Precinct, there are three general areas of clustering. 9  In the South 
Precinct, seven clusters were identifi ed. 10  Finally, there were two small clusters 
identifi ed in the Southwest Precinct. 11  

 The empirical validity of the hot spots  identifi ed via KDE  was assessed by calcu-
lating Getis-Ord Gi* statistics for the incident data (aggregated to census blocks). 
Following Gorr and Kurland ( 2012 ), we created a census block centroid layer and 
attributed aggregate incident data to the centroids. The standardized Gi* statistics 
are symbolized as point markers at the census block centroids (with orange 

9   These are associated with the Capitol Hill neighborhood (particularly the Pike-Pine Corridor and 
Broadway Ave), the Yesler Terrace and First Hill neighborhoods, and the Minor and Mann neigh-
borhoods of the Central District (particularly around Garfi eld High School). 
10   These include one located within the North Beacon Hill neighborhood and the rest in neighbor-
hoods of the Rainier Valley, including Mount Baker, Columbia City, Brighton, Dunlap, and Rainier 
Beach. 
11   These include one within the High Point neighborhood of Delridge and the other centered on the 
SPD Southwest Precinct Headquarters (an artifact of uses of force  within the police  facility). 

  Fig. 9.4    Kernel density 
estimate contours and 
Getis-Ord Gi* statistics       
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indicating signifi cant clustering  at  p  < .05 and red indicating signifi cant clustering at 
 p  < .01). For purposes of clarity, centroids with nonsignifi cant Gi* values (i.e., less 
than 1.65 or greater than −1.65) are not symbolized. As can be seen, the KDE hot 
spots are supported by statistical evidence  of clustering at the underlying census 
block level. However, there is also some evidence of clustering at other locations not 
highlighted by the KDE technique.  

9.3.7     Neighborhood Characteristics at Hot Spot Locations 

9.3.7.1     North Precinct Hot Spots 

 As indicated above, despite its geographic size and representative population, 
the North Precinct area accounts for only 17 % of use-of-force  incidents . 
Generally, the area north of the Lake Union Ship Canal and Montlake Cut water-
ways is primarily residential. Characterized by medium and small neighbor-
hoods ranging from middle class to wealthy demographics, the size and intensity 
of hot spot  activity  refl ects the highly localized nature of these interactions sug-
gesting an intensive qualitative analysis of the surrounding area may be 
probative. 

 The intersection of NE 125th St. and Lake City Way NE (Highway 522) is the 
junction of two major Seattle arterials. Situated between Interstate 5 and Lake 
Washington, the route is popular with commuters transiting between Seattle and the 
outlying suburbs to the northeast. Additionally, two major public transit lines con-
verge here. Drawing from Environmental Criminology  and Routine Activities 
Theory , there is limited research in the area (Poister  1996 ), but some reason to indi-
cate that areas associated with public transit infrastructure and junctions have a 
higher instance of low level crime  (Buckley  1996 ). 

 Aurora Avenue (Highway 99) between N 85th and N 90th streets, the Crown 
Hill, Greenwood and north Green Lake neighborhoods, has historically been known 
for drug  use and prostitution. Aurora Avenue is a signifi cant north/south thorough-
fare lined with a number of low cost motels catering to hourly customers and weekly 
rate customers. Prostitutes, pimps, and drug users often frequent these low cost 
motels as temporary housing options. Many of the use-of-force  reports reviewed 
from this area were associated with drug activity and domestic violence  type distur-
bances located at the motels in the area. 

 The third and fi nal hot spot  in the North Precinct, centering on the University 
Way NE area between NE 45th and NE 50th streets, is immediately adjacent to the 
University of Washington. The overall demographic of the surrounding area is pri-
marily transient and attributable to students at the University of Washington. 
Businesses along University Way cater primarily to this population with eateries, 
alcohol  establishments , and support businesses. Among the population is a small 
demographic referred to by locals as “Ave Rats” who are young, mostly homeless 
persons, who survive by panhandling. 
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 A review of crime  aggregator services 12  indicates increased rates of criminal 
behavior understood by environmental criminology  as criminogenic risk factors. In 
the area of NE 125th Street and Lake City Way, crime statistics  indicate assaults , 
burglary  incidents, and vehicle prowls in the immediate residential area. Along 
Aurora Avenue between N 85th and N 90th streets, crime statistics indicate a num-
ber of warrant services and disturbances. Crimes reported in and around the 
University Way hot spot  indicate a high number of property crimes  (vehicle theft  
and auto prowl), shoplifting, and a signifi cant number of assault incidents.  

9.3.7.2     West Precinct Hot Spots 

 West Precinct hot spot  activity  is characterized both by the population and the 
 businesses that make up the area. Seattle has a thriving nightlife and a substantial 
population of young professionals who frequent three major nightclub districts. 
Two of those districts fall in the West Precinct: Belltown and Pioneer Square. 
Additionally, the Pike-Pine Corridor (also associated with East Precinct hot spot 
activity), Pike Place Market, Downtown business district, and International District 
are strongly associated with active open air drug  markets and homeless services. 

 Intoxicated subjects provide an unpredictable hazard to law enforcement . 
Producing a wide range of results, the effects of alcohol  intoxication impair judg-
ment as well physical coordination and narrow the effectiveness of alternatives to 
force , such as verbal reasoning. Large congregations of people and close proximity 
to street traffi c, such as has been observed by the researchers around the time when 
alcohol establishments  are legally mandated to close (0200 hours), present a public 
safety management condition which places police  in highly volatile control situa-
tions where force is often the only viable option. 

 A notable characteristic of the Belltown, Pioneer Square, and International 
District neighborhoods is homelessness. On any given day the streets along the 
major transit corridor, 3rd Avenue, and the adjoining streets, homeless persons are 
a prominent feature. Due in part to the concentration of social services (Washington 
State Department of Social and Health Services, Social Security Administration), 
emergency services (shelters, needle exchanges, mental health services), and com-
munity custody corrections offi ces (Washington State Department of Corrections, 
Daily Reporting Center, WA DOC Outstations) and the availability of drugs , the 
homeless have little reason to venture out of the downtown area. 

 Some of the underlying causes of homelessness, mental illness and drug  
 addiction, present a hazard to law enforcement  for reasons similar to alcohol . Those 
suffering from Axis I mental disorders, characterized by a lack of reality testing, can 
be highly volatile when untreated or while decompensating from a more stable con-
dition; similarly, those engaged in drug use can be diffi cult to reason with. Erratic 

12   Aggregator services such as  www.spotcrime.com  and  www.crimereports.com  are linked to 
computer- aided dispatch (CAD) and records management systems (RMS) and report crime  statis-
tics  for public use. 
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and potentially violent behavior forces law enforcement into an aggressive stance 
which often leads to use of force  for reasons of offi cer  safety  and to prevent more 
severe injury to the subject of an enforcement action. This condition is observed in 
the data and manifests a high number of use-of-force incidents  involving drug use 
and potential illness for relatively minor public disorder  offenses.  

9.3.7.3     East Precinct Hot Spots 

 East Precinct hot spot  activity  is characterized by alcohol  establishments  and gang 
territory. The nightclub district of Capitol Hill is also home to two higher education 
institutions. The Yesler Terrace hot spot encompasses one of the largest public 
housing facilities in the city. The Central District hot spot is located near the some-
what notorious intersection of 23rd and Union streets and Garfi eld High School, 
known for gang, drug , and even terrorist activity (discussed below). Each of these 
locations manifest unique police  citizen encounters. 

 Located in close proximity to Seattle University and Seattle Central Community 
College, the Capitol Hill nightclub district caters to students and the overwhelmingly 
young demographic that lives in the area. Also unique to this neighborhood is the 
center of the Lesbian Gay Bisexual Transgender and Queer (LGBTQ) community 
for the Pacifi c Northwest, considered to be the second largest such community in the 
United States. A recent article in the  Seattle Post Intelligencer  called Capitol Hill 
Seattle’s “gayest neighborhood” (Cohen  2012 ). One of Seattle’s oldest neighbor-
hoods, the area in the immediate vicinity of the hot spot  is characterized by a mix of 
small to medium apartment and condo complexes as well as single family  residences. 
In addition to the service industry businesses and LGBTQ organizations, a handful 
of charity social service agencies are located in this area to serve the homeless.  

9.3.7.4     South Precinct Hot Spots 

 With the exception of the North Beacon Hill hot spot , all of the hot spot activity  in 
the South Precinct area centers along the Rainier Avenue and Martin Luther King 
Way arterials. The North Beacon Hill hot spot activity coincides with a small busi-
ness district serving the Beacon Hill neighborhood. Historically, Rainier Avenue 
South and Martin Luther King Junior (MLK) Way have been characterized by low 
income housing, depressed neighborhoods, small single family homes, and gang 
and drug  activity. 

 Geographically, the Rainier Valley is situated between Lake Washington and 
Beacon Hill and runs southeast toward the City of Renton. Extending south from the 
East Precinct, Rainier Valley neighborhoods are organized along Rainier Avenue 
South running south from First Hill and the International District and MLK Way 
south from the Central District. Support businesses are located all along this corridor 
(drugstores, grocery stores, restaurants, home improvement stores, etc.). Additionally, 
the north/south corridor serves public transit operations by King County Metro. 
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 The drug  trade is prominent in the Rainier Valley, both legal  and illegal. A recent 
article in the  Seattle Times  noted that marijuana  dispensaries outnumbered S   tarbucks 
145 to 139, according to data published by the City of Seattle (Martin  2012 ). Marked 
by a green cross, similar to the European symbol for pharmacy, legal medical mari-
juana dispensaries are prominent features along Rainier Avenue South and MLK 
Way. Also prominent are the hallmarks of the illegal drug trade. With easy access in 
north and south to more affl uent parts of the city, on any given day vehicles can be 
seen engaged in street level drug transactions with groups of young men in a variety 
of neighborhoods throughout the Rainier Valley. 

 The fi nal hot spot  area, moving south through the Rainier Valley toward the south 
city limits, is centered in the Rainier Beach neighborhood, in close proximity to 
Rainier Beach High School. Student ethnicity is reported as 57 % black, 18 % 
Asian/Pacifi c Islander, 13 % Hispanic, 9 % white, and 2 % Native American. 
Performance on state standardized exams is reported as ranging from 8 % (10th 
grade Algebra I) to 50 % (9th grade Geometry) across all four high school grades. 
According to the website Northwest Gangs, the areas associated with hot spot activ-
ity  in the South Precinct coincide with known gang territory. 13   

9.3.7.5     Southwest Precinct Hot Spots 

 The Southwest Precinct is a relatively “cool” location for use of force . With the 
exception of activity in and around the Southwest Precinct facility, the High Point 
neighborhood remains the only signifi cant hot spot  area. Historically a depressed 
area, property values have been steadily increasing for the last decade. Median 
home prices are reported at the time of writing as $263,000. The High Point 
Neighborhood is one of Seattle’s oldest gang territories, according to Northwest 
Gangs. 

 Driving through the High Point neighborhood, it appears, visually, to be one of 
the least developed neighborhoods in Seattle. Comprised primarily of small single 
family homes, the High Point public housing project is also a prominent feature 
with 425 family housing units replacing the original 716 units which were torn 
down in 2003. 14  Still, some dilapidated structures and vacant lots punctuate the 
neighborhood, in stark contrast to the public housing development.   

13   In the North Beacon Hill neighborhood, from Beacon Avenue South to South Atlantic Street 
between 12th and 5th Avenues, the “South Side Locos 13” control territory. In the Columbia City 
neighborhood the “Genesee Blocc Crips” control the area between South Dakota Street and South 
Oregon Street (north and south), Rainier Avenue South, and Cascade Avenue South, to the east. 
The area between Columbia City and Rainier Beach is a transient mix of six different gangs in 
large overlapping turf areas and small, self-contained territories. In the area of Holly Park, three 
gangs, “Holly Park,” “74 Hoover Criminals,” and “Vatos Locos 13,” are shown in competing ter-
ritories coinciding with hot spot  activity . 
14   Northwest Gangs indicates that the renovation of the High Point “Projects” may be responsible 
for the redistribution of High Point gang affi liates throughout King County as families were forced 
to move to alternative housing during redevelopment. 
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9.3.8     Force  Factor-Weighted Hot Spots 

 Although the density map s are valuable for understanding locations within the city 
where offi cers  may use force  more often than others, this only speaks to the inci-
dence of use of force without regard to the level of force or, more importantly, the 
differential in offi cer force  relative to suspect resistance. In Fig.  9.5 , we add a sec-
ond KDE  using the same incident data and search parameters as in the previous 
map, but the incidents were weighted by incident force factors . Thus, an incident 
with a force factor equal to three would count as three incidents in the density esti-
mation. Incidents having a zero or negative force factor are essentially weighted to 
zero. This results in a density surface that refl ects hot spot  areas where offi cers not 
only use force but tend to use a higher level of force relative to suspect resistance 
levels. As can be seen by the comparison of the two KDE layers, there are three 
categories of hot spots. First, there are some hot spots where there is a high density 
of use of force as indicated by the fi rst KDE layer (red contour), but the use of force 
at those locations tends to be more proportional or lower than suspect resistance, 
and thus, there is no corresponding force factor-weighted KDE  hot spot (green con-
tour). Second, there are some hot spots where there is a only a weighted KDE hot 

  Fig. 9.5    Force factor- 
weighted and unweighted 
KDE contours       
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spot (green contour) and no corresponding unweighted hot spot  (red contour), 
 indicating that use of force is not generally concentrated at that location, but the 
uses of force tend to be less proportional. Care must be exercised with this second 
category as the weighted KDE may not be supported by statistical evidence  of clus-
tering ; for example, just one or two nearby incidents with very high force factors 
could result in a high density value. Third, there are some hot spots where there is 
correspondence between both unweighted and weighted hot spots (i.e., overlapping 
red and green contours), indicating that force is generally concentrated at that loca-
tion and also tends to be less proportional.

   A more detailed view is provided in the two panels of Fig.  9.6 . Here, we have focused 
on a section spanning the Mount Baker and Columbia City neighborhoods in the South 
Precinct (panel “a”) and a section of the Mann neighborhood in the East Precinct (panel 
“b”). In panel “a” there are two hot spots  identifi ed based upon the density of incidents 
(red contour), but only the southern location (around S. Genesee St. and Rainier Ave.) 
has a corresponding force  factor -weighted hot spot  (green contour). Thus, police  use of 
force  is concentrated at both locations, but force in the northern hot spot tends to be 
more proportional whereas force in the southern hot spot tends to be less proportional.

   In panel “b” there are four areas of interest. Two of the locations are identifi ed 
with overlapping weighted and unweighted hot spots , indicating that use of force  is 
concentrated at both locations and tends to be less proportional. The other two 

  Fig. 9.6    Comparison of force factor-weighted and unweighted KDE hot spots       
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 locations are identifi ed only by the force factor -weighted technique, indicating areas 
where police  use of force  may not be generally concentrated, but where uses of 
force tend to be less proportional. While the Getis-Ord Gi* statistics are not signifi -
cant at these locations, there are four to fi ve use-of-force incidents  underlying each 
of these weighted hot spot  locations . 

 Extending the analysis into the specifi c cases at these locations, there are impor-
tant differences in the nature of the incidents. In panel “a,” the incidents in the 
northern hot spot  have a mean maximum offi cer  force  level of 4.4, and the mean 
suspect resistance level is also 4.4. The mean force  factor  is equal to zero. The 
underlying seven incidents resulted in charges including VUCSA (Violation of 
Uniform Controlled Substances Act), warrants, trespass, assault , and one count of 
obstructing. In contrast, incidents in the southern hot spot had a mean maximum 
offi cer force level of 4.9, and mean suspect resistance level of 3.7. The mean force 
factor is equal to 1.2. Here, out of 10 incidents, fi ve resulted in charges of obstruct-
ing, and three resulted in no charges at all. 

 In panel “b,” there are two areas of overlapping weighted and unweighted hot 
spot  contours, and two additional weighted hot spots . The larger overlapping group, 
to the West of Garfi eld High School, includes 12 incidents with a mean maximum 
offi cer  force  level of 5.1, and mean suspect resistance level of 3.8. The mean force  
factor  is equal to 1.3. Charges included assault , VUCSA, VUFA (Violation of the 
Uniform Firearms Act), property damage, warrants, harassment , resisting, and 
obstructing. Two incidents resulted in no charges. 

 The area of the East Precinct known as the Mann Neighborhood, surrounding 
Garfi eld High School, has a long history of violent crime . Similarly, the Columbia 
City and Mount Baker neighborhoods have long been the focus of youth violence  
prevention and anti-gang measures. In addition to calls for service , on-viewed inci-
dents and social contacts initiated by offi cers  assigned to community policing  beats 
account for activity here. 

 As discussed, the Columbia City and Mount Baker neighborhoods have under-
gone signifi cant development in past years. Driving south on Rainier Avenue South, 
the road is lined with businesses. In addition to the usual franchises (e.g., fast food 
restaurants, grocery stores, and the like), small businesses such as nail salons, ethnic 
specialty restaurants, and boutiques line the road. As you approach the center of the 
hot spot  (South Genesee Street and Rainier Avenue), there is a dramatic shift in the 
landscape. 

 Viewing this area through a Crime  Prevention Through Environmental Design 
(CPTED) framework, the approach along Rainier Avenue South signals several haz-
ards (excess vegetation, inadequate lighting). An excursion into the surrounding 
neighborhood reveals the homes in the immediate vicinity (contained within the 
geography of the hot spot ), three to four blocks east and west, are in poorer  condition 
(siding and paint are in need of repair, lawns are not well kept, external lighting may 
not be functional) compared to those homes extending away from the borders of the 
hot spot. Additionally, within this area, vehicles parked along the side streets are 

M.J. Hickman et al.



195

older and show more damage than those parked in the neighborhood immediately 
outside the area. 15  Finally, the commercial buildings and to a lesser extent some of 
the residences and residential out buildings (sheds and garages) show evidence  of 
“tagging” or graffi ti corresponding to known gangs. 

 As you approach the Mann neighborhood in the East Precinct, a similar shift can 
be noted. Though the immediate area surrounding the center of the hot spot  (Garfi eld 
High School) is residential, several small businesses are prominent in a de facto 
“downtown.” In a state of gentrifi cation similar to the Columbia City/Mount Baker 
neighborhood area, several of the businesses are new or have recently undergone 
renovation. A few of the businesses proudly display signs stating they are under new 
management. 

 Though both neighborhoods are predominantly minority (primarily black or 
African American and Asian), the Mann neighborhood prominently indicates the 
East African origin of the ethnic population. Several of the restaurants and busi-
nesses advertise in Arabic script, and the neighborhood is known for strong ties to 
the Ethiopian and Somali immigrant population. In recent years an FBI investiga-
tion  focused on a Mosque in the neighborhood of 23rd St. and E. Union with ties to 
a “terrorist training camp” in southern Oregon. 

 While the area within the hot spot  shows some signs of physical and social dis-
order , it is not as prominent as the Columbia City/Mount Baker hot spot. Some gang 
tagging is evident but several new housing projects have been constructed in the 
past 5–8 years. Townhouses and small apartment complexes are now interspersed in 
older residential neighborhoods primarily composed of single family residential 
structures. These structures appear well maintained but show some signs of disre-
pair, decreasing in frequency with distance from the center of the hot spot. As you 
approach the older neighborhoods of Capitol Hill to the north, Madison Valley and 
Madrona to the northeast and east and First Hill to the west the area becomes dra-
matically more affl uent within six blocks of the hot spot. 

 In    both hot spots  police  use-of-force  incidents are characterized by calls for 
service  and on-viewed and/or community policing  operations. Common to these 
interactions are the presence of large groups of youths, gang activity, and drug  
and property crimes  such as residential burglary  and robbery . Many of the 
actions taken by the offi cers  in this area are more aggressive for offi cer safety  
reasons. The use of traps, takedowns, and strikes are generally accompanied by 
a suspicion that the subject of the use of force  may be concealing a weapon. 
Additionally, with regard to residential burglary investigations  where a known 
subject is at large, canine offi cers are commonly called to track and apprehend 
the subject.   

15   An informal visual survey of the neighborhood indicates vehicles are 7–10 years old, on average, 
as compared to 1–5-year average of the surrounding neighborhood. 
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9.4     Discussion 

9.4.1     Utility of Geospatial  Analyses for Internal Use of Force  
Investigations  

 The ability to match physical locations with trends in use-of-force  incidents  (and 
potentially inform supervisory practices) is a critical means of assessing police  perfor-
mance. Each of the hot spots  identifi ed in this study yields valuable information about 
how policing  is administered in those areas. Some hot spot locations  are artifacts of 
the criminal justice system  (e.g., police precinct  facilities), while others are refl ective 
of a predominant social activity (alcohol  establishments ), and other locations are rem-
nants of social injustices and tend to confi rm prevailing criminological theories (such 
as General Strain and Social Disorganization). The usefulness of this information is in 
how it is applied by police managers to improve service to the community. 

 Geospatial  analysis of use of force  provides a more accurate view of how force 
is distributed across a community. Typical statistical reports issued by police  depart-
ments  simply tabulate the number of incidents over a particular period of time and 
do so at gross levels of aggregation. These reports do not speak to variability in the 
proportionality of police responses nor to issues of disparate impact at the neighbor-
hood level. In spatial  context, use-of-force data can be used by command staff and 
Internal Affairs, or in the case of the City of Seattle, civilian oversight agencies such 
as the Offi ce of Professional Accountability (OPA), to support investigations  of 
claims of misconduct, mismanagement, and disparate impact. 

 The force  factor -weighted hot spots  differ in nature from the unweighted hot 
spots  in important ways. Taking the example from the Rainier Valley (panel “a” of 
Fig.  9.6 ), the southern hot spot is probably of more concern than the northern hot 
spot. Uses of force in the southern hot spot are characterized by a large proportion 
of “obstructing” offenses as well as no charges, both of which can be associated 
with “contempt of cop” or otherwise disrespectful suspect behavior perhaps unnec-
essarily leading to the use of force.  

9.4.2     Utility for External Monitoring 

 External monitoring of the police , both by organized entities and, with increasing 
technological developments, concerned members of the general public, can be 
greatly enhanced by exploring the spatial  distribution  of force  events. Reformers 
should understand that maps are a powerful way to communicate the nature of a 
problem and may include important behavioral patterns that are largely “invisible” 
to typical statistical analyses of administrative data. 

 Government accountability and transparency are primary concerns for civil liber-
ties  groups and the public alike. For this reason, political concerns have taken an active 
interest in promoting transparency, especially in law enforcement . Recent action by 
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the US Department of Justice to compel police  reform has led to consent decrees 16  in 
several jurisdictions, including the Seattle Police Department . When millions of dol-
lars in public money are at stake, compliance, based in objective fact, is essential to 
maintaining confi dence and support for these critical accountability programs.  

9.4.3     Utility for Addressing Issues of Social Justice  

 Finally, there are important social justice  implications. From this perspective, one 
might judge agencies in terms of disparate impact on at-risk populations. A key 
question is whether the force  factor -weighted hot spots  generally correspond with 
the locations of historically disadvantaged communities and/or involve at-risk sus-
pects. We believe that our qualitative analyses suggest there is strong correspon-
dence, but we reserve judgment for future research to make the quantitative 
connection in this and other jurisdictions. 

 There are a variety of potential explanations for violent interactions between the 
police  and the public. Some of the information in this and other studies point to 
community composition. The location of alcohol  establishments  appear to be cor-
related with police use of force . Similarly, artifacts of the criminal justice system  
such as police precinct  locations naturally tend to experience more use-of-force  
incidents . From a social justice  perspective, it is important to separate these kinds of 
incidental occurrences from systemic factors. A rich and deep literature has estab-
lished the correlation between concentrated disadvantage  and criminality, particu-
larly in populations already predisposed to marginalized social statuses, racial and 
ethnic minorities chief among them. 

 Enforcement priorities and institutional history bring law enforcement  offi cers  
and groups of young minorities into confl ict. With an emphasis on drug  and prop-
erty crimes , likely for their obvious and highly visible impact on the community and 
public safety, law enforcement offi cers  are inclined to resort to aggressive offi cer 
safety  tactics. Given the often violent nature of these offenses and offenders  and an 
intense desire by the perpetrators to evade detection and detention, a signifi cant 
potential for harm exists both to the offi cer and offender. 

 The effect of chronic negative interactions with law enforcement  is erosion in 
citizen attitudes toward the police , as well as less likely compliance and deference 
to authority. Evidence  of this historical erosion can also be found in pop culture. 
Shirts that proclaim “Stop Snitchin” and songs like “Fuck da Police” by NWA are 
indicative of a fractured trust between citizens and their appointed protectors. 
Certainly, a signifi cant amount of this animosity can be traced to a tumultuous 

16   A “consent decree” is a legally binding agreement carrying the enforcement authority of a court  
order. Within the US system of multijurisdictional civilian law enforcement , the consent decree has 
been used since the mid-1990s by the US Department of Justice to enforce police  reform com-
pelled by a fi nding in violation of one or more civil rights statutes (Violent Crime  Control and Law 
Enforcement Act of 1994, 42 U.S.C. § 14141, the Omnibus Crime Control and Safe Streets Act of 
1968, 42 U.S.C. § 3789d, and Title VI of the Civil Rights Act of 1964, 42 U.S.C. § 2000d). 
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history fraught with overt racism, corruption, and abuse of power. In the modern, 
more transparent era of policing , one would hope these kinds of interactions are 
becoming increasingly rare; however, nearly 150 years of organized, state- sponsored 
policing leaves a lasting collective memory. 

 Our analysis suggests a strong correlation between disadvantaged populations 
and force -factor hot spot  activity . Gentrifi cation has contributed to a concentrating 
effect, perhaps emphasizing use of force in highly localized areas. Still, these neigh-
borhoods have historically had a long history of violent crime . In the comparatively 
affl uent surrounding neighborhoods, Seattle enjoys an extremely low rate of violent 
crime . That force factor  hot spots occur in such close proximity to other crime hot 
spots would suggest that violent interactions with the police  are an inevitable out-
come of concentrated criminality. If only 3 % of all arrests result in reportable use 
of force, then areas with concentrated arrest activity will tend to appear as hot spots 
in geospatial  analysis  of this type. Naturally, the inclination is to associate other 
factors in an effort to explain this condition.   

9.5     Conclusion 

 Police  use of force  cannot be fully understood apart from its spatial  context. Any 
approach to monitoring and responding to offi cer  behavior, absent the spatial context 
in which that behavior occurs, will be less effi cient and could even be potentially mis-
leading. Our descriptive overview of use of force  in Seattle painted a fairly benign 
picture of infrequent and generally proportional police-citizen force interactions. It is 
only after considering the data in spatial context that important stories emerge about 
where use of force is concentrated, to what degree, and with what potential conse-
quences for the relationship between the police and the communities served. Hopefully, 
other researchers will replicate this place-based analysis in Seattle and other jurisdic-
tions and assist police managers and community members to understand the nature 
and extent of police-citizen encounters that result in force. The fi ndings from this 
research and replications will advance our knowledge and guide our responses with 
the ultimate goal of reducing the number and level of force incidents .     
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Abstract Annual events like Oktoberfest, Mardi Gras, and Halloween are very 
popular among young crowds, especially in college towns, and a significant part of the 
celebration consists of alcohol consumption. Binge drinking during such celebrations 
often results in alcohol-related crime, assaults, vandalism, and even fatal accidents. 
Yet, in crime studies, little research has been conducted to investigate the impact of 
such events on dynamics of crime and underage drinking in the local communities. The 
present study aims to analyze the influence of Oktoberfest on spatiotemporal pattern 
of underage drinking in college town of La Crosse in southwest Wisconsin. The study 
uses 5 years (2008–2012) of liquor law citation records and GIS techniques to explore 
the spatiotemporal pattern of underage drinking during the week of Oktoberfest and a 
week before and after the festival. Analysis conducted using grid thematic maps and 
local information showed that the local celebration of Oktoberfest results in an 
increased number of liquor law violations citations which coincided with increased 
number of fatal accidents, alcohol-related crimes, and public nuisance. Knowledge 
gained from results of grid thematic mapping was used to create a multi-criteria evalu-
ation (MCE) that helped to identify a probability surface for high concentration of 
liquor law violation and thus underage drinking in certain parts of the town. Validation 
of the resultant map shows that 85–97 % of the citation location in last 5 years falls 
within the high probability zone delineated by our map. This type of mapping approach 
is useful to the local law enforcement officials and volunteer watch groups to provide 
focused deployment of intervention measures and increased vigilance to restrict alcohol 
consumption of underage youths and prevent associated crime and accidents.
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10.1  Introduction

Since the mid-1990s, there has been increasing use of GIS in crime analysis and 
mapping for allocation of resources, focused deployment, and strategic planning in 
the United States (Hoover et al. 2010). Application of GIS is very effective in visu-
alizing patterns of criminal activity and identifying social and physical factors that 
might encourage such activity. This type of application can be best categorized 
under strategic crime mapping and analysis. According to US Department of Justice, 
strategic crime analysis is defined as “the study of crime and law enforcement infor-
mation integrated with socio-demographic and spatial factors to determine long 
term ‘patterns’ of activity, to assist in problem solving, as well as to research and 
evaluate responses and procedures.” (Boba 2001, p. 13). The present chapter focuses 
on one such application of GIS to study the most common problem of any college 
town of United States: underage drinking.

At present, crime mapping is a well-established field of study. Yet, effective appli-
cation of GIS in mapping alcohol-related crimes or underage drinking in college 
campuses or communities is less popular than other types of crime mapping. Most of 
the existing applications focus at neighborhood level that used GIS to map areas of 
alcohol outlets, density of liquor stores, and alcohol-related crimes (Block and Block 
1995; Gorman et al. 2001; Scribner et al. 1999; Zhu et al. 2004). Spatial distribution 
of crime research has been mostly cross-sectional since the locations depend on 
opportunities to commit crime (Groff et al. 2009; Chainey et al. 2008). Hotspot map-
ping and its variants have been the predominant method to study spatial distribution 
of crime. Hotspot mapping has been also used to predict future locations of crime 
(Chainey et al. 2008). The temporal pattern of crime mapping has been relatively less 
well explored compared to its spatial counterpart (Townsley 2008; Felson and 
Poulsen 2003; Ratcliffe 2004a). Temporal mapping within the hot spots of crime 
helps to determine the variability or stability of crime patterns (Townsley et al. 2000; 
Bennett 1995; Weisburd et al. 2004; Spelman 1995; Taylor 1999). Depending on the 
type of crime, the pattern of crime occurrences varies greatly by hour of the day 
(Felson and Poulsen 2003). Yet if time fragmentation is applied, the number of crime 
declines greatly (Weisburd et al. 2004; Felson and Poulsen 2003).

Two aspects are generally taken into consideration for temporal mapping: first, at 
what time interval the crime incidences are mapped (viz., hourly, daily, weekly, 
monthly, annually, and regular/irregular interval) and secondly, the temporal length 
of the data record. Both aspects of temporal mapping are important to capture a 
comprehensive pattern of crime. Multi-temporal mapping shows past trend of crime 
and therefore can help to determine possible future trends in the area. Thus, predic-
tive mapping serves as an excellent resource for risk analysis and prioritizing police 
resources (Johnson and Bowers 2004a, b). Application of such informative GIS 
mapping and predictive analysis is popular in liquor-related crime analysis to 
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understand crime patterns and design intervention mechanisms with the use of spa-
tial decision support systems (Block and Block 1995; Scribner et al. 1999; Goodchild 
et al. 2000; Zhu et al. 2004). The present study extended this theme and used GIS 
and predictive mapping to understand the spatiotemporal pattern of underage 
 drinking in the college town of La Crosse, WI, during Oktoberfest. The chapter also 
highlighted how a social event like Oktoberfest provokes binge drinking among 
underage youths and results in alcohol-related crimes, assaults, and accidents.

The study used 5 years (2008–2012) of liquor law citation records from the local 
(La Crosse Police Department) and campus police department (University of 
Wisconsin-La Crosse Police Department) as a representative of underage drinking 
pattern. The objective of this study was to analyze the impact of Oktoberfest in 
increasing liquor law violation in the college town of La Crosse. Specifically, the 
study used grid thematic mapping to analyze the multi-temporal pattern of the 
liquor law violation citations during the last week of September and first 2 weeks of 
October (the week before Oktoberfest, the week of Oktoberfest, and the week after 
Oktoberfest) from 2008 to 2012. Analysis was conducted for the weeks before and 
after the Oktoberfest week as a representative trend of liquor law violation during 
regular non-festive weeks of the year. The comparison of number of citations among 
these 3 weeks over a span of 5 years helped to measure the magnitude of increase in 
number of citations during Oktoberfest from regular weeks. Knowledge gained 
from results of grid thematic mapping was used to create a multi-criteria analysis 
that helped to identify a probability surface for high concentration of liquor law 
violation and thus underage drinking in certain parts of the town. The chapter first 
introduces the study area and then provides a brief discussion about alcohol-related 
problems associated with local Oktoberfest celebration, followed by methodologies 
used for the study, and finally reports results and a discussion of the findings.

10.2  Underage Drinking in College Campuses

Alcohol is one of the most harmful drugs, which causes major harm to both indi-
vidual and the society, and yet the policies and restrictions of its use are not as regu-
lated as some other harmful drugs such as cocaine, heroin, and marijuana (ICL 
2010). Thus, alcohol problems in college towns are a matter of serious concern both 
for campus administrators and law enforcement agencies. There has been growing 
evidence of ecological association between alcohol and violence especially in col-
lege towns (Snowden 2012). According to the Center of Disease Control and 
Prevention’s 2011 Youth Risk Behavior Survey, people aged between 12 and 20 
years drink 11 % of all alcohol consumed in the United States (Eaton et al. 2012). 
The CDC Fact sheets also report that alcohol consumption of youths may result in:

• School problems, such as higher absence and poor or failing grades
• Social problems, such as fighting and lack of participation in youth activities
• Legal problems, such as arrest for driving or physically hurting someone while drunk
• Physical problems, such as hangovers or illnesses
• Unwanted, unplanned, and unprotected sexual activity
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• Disruption of normal growth and sexual development
• Physical and sexual assault
• Higher risk for suicide and homicide
• Alcohol-related car crashes and other unintentional injuries, such as burns, falls, 

and drowning
• Memory problems
• Abuse of other drugs
• Changes in brain development that may have lifelong effects
• Death from alcohol poisoning (CDC 2012)

Thus, prevention of alcohol consumption needs a community-based effort along 
with the school administration and law enforcement officials to determine success 
and improve effectiveness.

In recent years, a number of studies have focused on the impact of exceptional 
events (natural disasters, sporting events, festivals, concerts, political rallies, etc.) 
on spatiotemporal distribution of crime (Leitner and Guo 2013; Andresen and Tong 
2012; Leitner and Helbich 2011; Leitner et al. 2011). The list of events categorized 
as exceptional events by Leitner and Guo (2013) covers a wide spectrum in terms of 
both severity and characteristics, but can be easily subdivided into organized events 
(such as sporting events, festivals, concerts, and political rallies) (Andresen and 
Tong 2012) and natural events (such as natural disasters) (Leitner and Helbich 2011; 
Leitner et al. 2011). Empirical observations suggest that locally organized annual 
social events (like Mardi Gras, Halloween, Oktoberfest, etc.) have a large influence 
on underage binge drinking and associated crime in college or university towns. The 
social dynamics of drinking in events like these are similar to any social ecological 
model of drinking related to an alcohol outlet and problems (Gruenewald 2007) but 
at a larger scale and for a limited time period. A number of studies have shown posi-
tive correlation between physical availability of alcohol and increased consumption 
(Watts and Rabow 1983; Gruenewald et al 1996; Alaniz et al. 1998; Weitzman et al. 
2003; Treno et al 2003) and between outlet densities and alcohol-related crimes 
violence, drink driving, and traffic crashes (Britt et al 2005; Zhu et al. 2004; 
Norström 2000; Huckle et al. 2008). Thus, events like these may be economically 
beneficial to the local community but create an opportunity for young people to 
indulge into binge drinking in the form of social celebration.

10.3  Study Area

10.3.1  La Crosse, Wisconsin

Situated on the right bank of Mississippi river, the city of La Crosse has a resident 
population of approximately 51,320 people (US Census 2010) with predominantly 
white population (89.8 %, US Census 2010). The city is divided into two parts by 
the La Crosse River Marsh and connected by three major roads (State Highways  
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53, 35, and 16). The majority of the land use in the city is residential (Fig. 10.1) 
 followed by mixed land uses, including traditional neighborhood development. The 
small town is home to three undergraduate colleges: University of Wisconsin-La 
Crosse (UW-L), Western Technical College (WTC), and Viterbo University (VU). 
The majority of the population in these colleges is traditional undergraduate stu-
dents. Table 10.1 provides an estimate of student population of the three colleges.

Demographically, 11 % of the city population is within the age group of 15–19 
years, and 18.2 % is within 20–24 years of age (U.S. Census Bureau 2010). Table 
9.1 shows that among the total number of students, 91 % are undergraduates. 
Assuming that a majority of these undergraduate students are 21 years and below, a 
large number of these students are potential candidates for underage drinking espe-
cially during Oktoberfest.

Fig. 10.1 (a) Study area: La Crosse, Wisconsin; (b) Land use map of La Crosse City and location 
of the three colleges

Table 10.1 Estimate of student population of three colleges in La Crosse, WI

College Total students Undergraduate Postgraduate

UW-L 10,227 9,441 786
WTC 5,122 5,122 0
VU 3,192 2,279 919
Total 18,541 16,842 1,705

Source: Individual college websites (UW-L: www.uwlax.edu; WTC: www.westerntc.edu;  
VU: www.viterbo.edu)
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10.3.2  Oktoberfest in La Crosse, Wisconsin

La Crosse hosts one of the biggest Oktoberfest celebrations in the United States, 
attracting around 100,000–150,000 visitors during that week and adding $6 million 
to the local economy (La Crosse Tribune 2011 and StarTribune 2012). Being home 
to three universities with a majority of undergraduate students, a good proportion of 
the visitors consist of young people from neighboring towns. The number of law 
enforcement officials deployed in town during those days is notably more than usual 
to keep matters under control. Thus, with an increased number of people, a large 
number of law enforcement officials in the streets, and the intrinsic nature of the 
festival celebration, there is a huge number of alcohol-related citations, especially 
for underage drinking. There have been several cases of fatal accidents, including 
drowning in the local river, not to mention public assaults and vandalism during the 
week of Oktoberfest. Since 2004, after several deaths, accidents, and disorder cre-
ated by drunken people in the town, law enforcement officials and city administra-
tors started taking serious action to change the situation. A local newspaper 
StarTribune (2012) reported that after such incidents, police started responsible 
server education and took precautions to stop alcohol availability to minors in local 
bars, and city administrators limited keg purchases and imposed keg registration 
rules, recriminalized public intoxication, offered alcohol education classes in lieu of 
fines, and started restricting license issuance to reduce bar density. Eventually, a 
number of community and student volunteered groups started organizing watch 
groups along the parks near the river to assure safety of drunken people in the down-
town where there is a high density of pubs and to stop public violence especially in 
student neighborhoods (StarTribune 2012). Every year there has been increased 
number of police to control the crowd, but the problem still persists.

Nationally, the university administrators and law enforcement officials are work-
ing towards a coordinated effort to fight against underage drinking and alcohol 
abuse in college campuses. Yet popular festivals like Oktoberfest celebrate alcohol 
consumption that helps to boost the local economy.

10.4  Data

At present there are no specific data for underage drinking in La Crosse. After 
exploring the database provided by the police departments and discussion with 
police officials in UWL campus, we decided to focus our analysis on liquor law 
violation citations to best capture the underage drinking trend. Data was collected 
from the University of Wisconsin-La Crosse Police Department and La Crosse Police 
Department for the last week of September and the first 2 weeks of October of every 
year from 2008 to 2012. To be specific, the time period of our data spans from Friday of 
the week before Oktoberfest week to Thursday of the week after (21 days). The weeks 
before and after the Oktoberfest were assumed to represent regular non-festival 
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weeks during a year. For ease of understanding, from here on, the week before 
Oktoberfest week will be called week 1, Oktoberfest week will be called week 2, and 
the week after Oktoberfest week will be called week 3. For each day, citations were 
divided into three time windows, 4 AM–12 PM, 12 PM–8 PM, and 8 PM–4 AM, to 
understand the daily temporal distribution of incidents.

The data collected from both the city and the campus police department con-
sisted of date and time of citations, location of the citation in the form of nearest 
street address, case number, and statute description. The types of offenses taken into 
consideration are underage alcohol (1st–4th offense), public consumption, underage 
liquor violation, public intoxication, false ID, selling liquor to minors/intoxicated 
persons, underage drinking (procures, possess, consumption), fermented malt beverage 
license, and sale of malt beverage to an underage person. We understand that liquor 
law violation citations may not be the best data to study the effect of Oktoberfest on 
drinking behavior, but currently there is no other suitable existing data that can 
represent this issue. So in this study, we assumed that citation data represented the 
spatiotemporal distribution of underage drinking in the city where locations with a 
higher number of citations represented locations with large number of underage 
drinkers and vice versa.

The police records available for the study did not record information regarding 
the residency of the violators, so it was not known whether the violators were resi-
dents of La Crosse or visitors. The data was geocoded using the US street geocode 
service by ESRI. The geocoding processes generated a 97–99 % success rate, which 
was above the acceptable success rate generated by Ratcliffe (2004b). Information 
regarding the location of student housing and pubs was gathered by local survey 
using a land use map of La Crosse city. Other types of data used for mapping and 
analysis include the La Crosse City administrative boundary, street network data, 
demographic data from the US census (tract boundary), and land parcel data from 
the La Crosse local authority (parcel boundary).

10.5  Methodology and Results

10.5.1  Multi-temporal Gridded Thematic Mapping

For this study, grid thematic mapping hotspot analysis was used in order to avoid 
the problem of misaligned administrative boundaries of different data sources and 
make them comparable to the sociodemographic and land use data of the city. Grid 
thematic mapping (Chainey et al. 2008; Eck et al. 2005) helped to deal with this 
area unit problem by interpolating the data into regular grids (or quadrants). In this 
study, a square grid size of 120 m by 120 m is used, which almost matches with 
the average city block size of the area. Since a number of citations have the same 
location, the grid thematic mapping approach helped to avoid the stacked data 
problem.
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Using the grid thematic mapping hotspot analysis, multiple spatiotemporal 
hotspot maps were produced to analyze the spatial distribution of number of cita-
tions and its change over time. Figure 10.2 shows a composite thematic map of 
spatial distribution of citations during the 5-year period (2008–2012). The grid cells 
with high number of citations were mostly within the downtown area, especially 
surrounding the three colleges, and sparsely distributed in the northern and the 
southern parts of the city.

Figure 10.3 shows thematic hotspot maps of citations for every year from 2008 
to 2012. This series of maps showed that over the years not only overall number of 
citations increased but also the incidents of citations became more localized in the 
neighborhoods surrounded by three colleges, especially in 2012.

Figure 10.4 shows the comparison of spatial distribution of citations among  
3 weeks. The results show that the number of citations during week 2 was high 
compared to the number of citations during week 1 and 2, for every year. The maps 
also show that, from 2008 to 2012, the number of citations in week 1 decreased, 
whereas in week 2 they increased, but were more localized, and finally in week 3, 
except in 2011, the number of citations decreased and were sparsely distributed 

Fig. 10.2 Gridded thematic 
hotspot map of citations 
during 2008–2012. Legend 
represents numbers citations 
in each grid cell
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across the city. It should be noted that, in addition to increased number of binge 
drinkers and large number of visitors, the increase in the number of citations during 
the Oktoberfest week may be also due to the large number of police patrols around 
the city (La Crosse Tribune 2011). Figure 10.5 shows the daily trend for each of the 
3 weeks (starting from Friday of week 1 and ending on Thursday of week 3). For all 
5 years, the incidence of citations was more or less concentrated during the weekends 
(Friday–Sunday), with the highest on Saturdays. There were some citations on other 
days of the week, but the pattern was too inconsistent to draw any conclusion.

To understand the daily temporal distribution of the citation incidents, each day 
of the week was divided into three time windows: (a) 4:00 AM–12:00 noon, 
(b) 12:00 noon–8:00 PM, and (c) 8:00 PM–4:00 AM. The results (Fig. 10.6), showed 

Fig. 10.3 Liquor law violation citations from years 2008 to 2012. Legend represents numbers of 
citations in each grid cell

Fig. 10.4 Spatiotemporal distribution of liquor law violation citation by weeks in each year. 
Legend represents numbers of citations in each grid cell
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Fig. 10.5 Number of citations for each day of the week. The vertical axis shows the number of 
citations in each day. The horizontal axis shows the day of the week. The corresponding dates for 
each of the week differ with every year
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that the maximum numbers of citations were recorded between 8:00 PM and 
4:00 AM during week 2. The trend remained the same for all 5 years, though the 
number of citations almost doubled from 2008 to 2012. Similar trends were found 
for weeks 1 and 3, and the fewest citations were recorded during those 2 weeks 
between 4:00 AM and12:00 noon (Fig. 10.6).

Moran’s I values were calculated to measure the spatial autocorrelation of 
incidents for every week of every year. The results (Fig. 10.7) suggested that over 
the span of 5 years, the incidents became more significantly clustered with strong 
positive autocorrelation. Comparison among 3 weeks, for every year, suggested that 
week 2 had higher values of Moran’s I than week 1 and 3. So it can be concluded 
that during regular non-festival weeks, the citation incidents were not clustered in 
the neighborhoods surrounded by the three colleges.

Thus multi-temporal grid thematic mapping of the citation record showed that 
there was high variability in the spatial distribution of citation incidents among the 3 
weeks of study. The number of citations recorded was highest during the Oktoberfest 
week compared to the weeks before and after. Among the days of the weeks, Saturdays 

Fig. 10.6 Number of citations for each time period of each week for each year

Fig. 10.7 Moran’s I for years 2008–2012
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had the highest number of citations, and finally among hours of the day, the highest 
number of citations was recorded between 8:00 PM and 4:00 AM. Overall the total 
number of liquor law violation citations almost doubled from 2008 to 2012.

10.5.2  Spatiotemporal Clustering

The gridded thematic hotspot analysis helped us to understand the spatiotemporal 
variation of the liquor law violation citations during the 3 weeks of the study. But 
the hotspot analysis failed to provide any information regarding space-time correla-
tion of the citation incidents. A spatiotemporal clustering of the citations will be 
able to inform about the correlation between distance and time interval for pairs of 
incidents (Mantel 1967). In recent years, a number of spatiotemporal techniques 
and space-time statistical tests have been developed within the realm of GIS 
(Kulldorff et al. 1998, 2005; Kulldorff 2001; Chang et al. 2008; Mountrakis and 
Gunson 2009; Khan et al. 2009; Pei et al. 2010; Mennis 2010; Nakaya and Yano 
2010; Eckley and Curtin 2013).

In the domain of crime mapping and analysis, the Mantel index has been applied 
to understand spatiotemporal clustering of different types of crimes (Johnson and 
Bowers 2004a, b; Bowers and Johnson 2005; Malizia 2012). The Mantel index was 
originally developed to measure levels of disease transmission, based on the corre-
lation between two dissimilarity matrices (e.g., distance and time), and is still a 
popular measure used in epidemiology (Mantel 1967; Mantel and Bailar 1970; 
Johnson and Bowers 2004a, b; Eckley and Curtin 2013). The Mantel index (r) is 
based on the cross product of two interval variables (such as distance and time) and 
summarizes comparisons between pairs of points (Levine 2010). The Mantel index 
can be written as
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Xij and Yij are the two variables distance (in meters) and time (in hours) for compar-
ing two observations i and j, and Zx and Zy are the normalized variables.

For this study the citation data was used to test the existence of spatiotemporal 
clustering of underage drinkers. Spatiotemporal clustering will help us to under-
stand whether the underage drinking pattern was clustered in particular places in the 
city and time of the day or dispersed. Simulated confidence intervals were used for 
significance testing to avoid error due to high interdependency among the variables 
(Levine 2010). Since it’s a two-tailed test, a lower threshold of 2.5 % and upper 
threshold of 97.5 % were adopted, so if the observed Mantel index is smaller 
than the lower threshold or larger than the upper threshold, then it can be concluded 
that the underage drinking patterns were clustered in space and time (Levine 2010). 
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For this study, the Mantel index was computed for all the years, and the results 
(Table 10.2) show that for years 2008, 2009, and 2011, the observed Mantel indices 
lie between their respective upper and lower threshold values, which leads to the 
conclusion that the citations were not spatiotemporally clustered for those years. 
But in 2010 and 2012, the observed Mantel indices were above their respective upper 
threshold values, from which we conclude that only for those years the spatiotem-
poral clustering of citations was most likely greater than what would be expected on 
the basis of a chance distribution.

Though the Mantel index is a useful tool for space-time analysis, it has certain 
limitations such as that extreme values of either space or time can distort the rela-
tionship and that smaller sample sizes or narrow time windows can make the index 
unstable (Levine 2010). For this study the data did not have extreme values for 
space or time and the data size was fairly large, so it can be claimed that the Mantel 
index results were unbiased and stable.

10.5.3  Multi-criteria Evaluation for Mapping Probability 
Surface of Citation Location

The analysis of the grid thematic mapping suggested that the majority of the inci-
dents were clustered in and around the neighborhoods of the three colleges. So in 
order to restrict underage drinking, various alcohol-related accidents, and nuisance 
by drunken crowds, law enforcement officials need to focus deployment of inter-
vention measures in those neighborhoods. But at present there is no authoritative 
model or map that exactly delineates the areas where there is a high probability of 
such occurrences. No doubt that such map will be highly valuable for implementa-
tion of effective preventive policies.

The knowledge gained from the thematic maps helped us to narrow down the 
sociodemographic aspects of the neighborhoods where high clusters of the liquor 
law violation were cited within the last 5 years. Among others, four major factors 
were identified which, if mapped, will help to define areas where underage drinking 
are more likely to occur. These four factors were distance from the three colleges, 
distance from the pubs and bars, distance from student housings (nonuniversity 
owned), and the population aged between 15 and 24 years in each block group. 

Table 10.2 Mantel index to test spatiotemporal clustering of citation locations from 2008 to 2012

Year N
No. of 
comparisons r

Simulation 
2.5 %

Simulation 
97.5 %

Approx. 
p-level

2008 200 19,900 0.02698 −0.03142 0.03239 n.s
2009 213 22,578 0.00049 −0.02914 0.03166 n.s
2010 132 8,646 0.10912 −0.03885 0.04492 n.s
2011 323 52,003 0.00676 −0.02262 0.02539 n.s
2012 234 27,261 0.15091 −0.02812 0.03070 0.021

N number of points, n.s not significant, r observed Mantel index
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Assuming that the past is the best predictor of the future, these four factors can help 
to predict locations with high likelihood of underage drinking occurrences during 
future Oktoberfest celebrations.

All four factors were spatially divided into four zones, and each zone was named 
as follows: high probability zone, medium probability zone, low probability zone, 
and very low probability zone, according to the given thresholds. Table 10.3 pro-
vides detailed zonation information of each parameter.

Figure 10.8 classifies the four factors into four probability zones. Multi-criteria 
evaluation (MCE) was used to create a map of potential areas of liquor law violation 
using the classified parameter maps. The resultant composite map was named a 

Table 10.3 Classification of parameters

Factors Distance in miles Probability zone

Distance from colleges 0.00–0.50 High
0.50–1.00 Medium
1.00–1.50 Low
Beyond 1.50 Very low

Distance from pubs and bars 0.00–0.25 High
0.25–0.50 Medium
1–1.50 Low
Beyond 1.50 Very low

Distance from student housing (nonuniversity owned) 0.00–0.25 High
0.25–0.50 Medium
1–1.50 Low
Beyond 1.50 Very low

Population aged between 15 and 24 years (in each  
block group)

1,000–7,000 High
400–1,000 Medium
100–400 Low
0–100 Very low

Fig. 10.8 Spatial zonation of four parameters for multi-criteria evaluation
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“probability surface map.” Multi-criteria evaluation is a type of analysis that is 
 easily implemented in a GIS environment using map algebra operations (Malczewski 
2004). Different variants of the MCE method have been developed over the years 
and have been applied in GIS environment, especially for land or suitability analy-
sis. Details about various forms of MCE have been well documented by Malczewski 
in his review papers (2004, 2006). In this study, weighted linear combination was 
used (Malczewski 2004; Jiang and Eastman 2000) where weights were assigned to 
the parameters according to their relative importance. For this study, equal weights 
were assigned to all the parameters as they were assumed to have equal importance 
in delineating a successful probability surface for location of liquor law violation. 
The resultant composite map was also recategorized into zones of high, medium, 
low, and very low probability of incident occurrence. The final map (Fig. 10.9) 
shows that the high probability zone coincides with the downtown area, mixed land 
use areas, and residential areas around the three college campuses. The medium 

Fig. 10.9 Probability  
surface map
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probability zone coincided mostly with mixed land use areas with bars and 
 residential areas encircling the high probability zone. The low and very low proba-
bility zones cover the rest of the city.

In order to establish confidence in the final MCE map, the locations of the actual 
citation incidents for all 5 years were compared with the predicted probability sur-
face map. Since there was no existing scale to determine the strength of the analysis, 
we assumed that if more than 80 % of the citation incidents coincided with high 
probability zone, then the final map would be acceptable for practical application. 
The result (Table 10.4) shows that 89.02 % of citations from all 5 years coincide 
with the high probability zone, followed by 7.17 % and 3.81 % in medium and low 
probability zones, respectively. For each year, the percentage of actual citations 
located within the high probability zone varied from 84.98 % (2009) to 97.86 % 
(2012). Thus, it can be concluded that the factors used to create the MCE map were 
successful to determine the potential areas of liquor law violation citation locations 
in La Crosse.

10.6  Discussion

Oktoberfest is not only a popular festival, but for a small town like La Crosse, it is also 
an important contributor to the local economy. The present study used a multi- temporal 
grid thematic mapping approach to understand the effect of Oktoberfest on underage 
drinking in the city. Analysis of the last 5 years of liquor law violation citations helped 
to map the magnitude of change in number of citations during Oktoberfest compared 
to regular non-festival times of the year. The results of mapping also showed the number 
of violations has doubled in last 5 years, but it was not known whether the increase 
was due to an increased number of underage drinkers, or large number of visitors or 
increased patrolling, or a combination of all these three factors. Detailed temporal 
analysis showed that maximum numbers of citations were recorded on Saturday of 
Oktoberfest week and between the 8:00 PM and 4:00 AM time window.

The lack of residential information of the violators restricted the study from 
determining the proportion of citations that can be attributed to the visitors. The 
Mantel index was used to determine the correlation between distance and time 

Table 10.4 Percentage of citation data points within each of the probability zones

Year
High probability 
(%)

Medium probability 
(%)

Low probability 
(%)

Very low probability 
(%)

All 5 years 89.02 7.17 3.81 0.00
2008 85.50 7.00 7.50 0.00
2009 84.98 8.45 6.57 0.00
2010 93.18 3.03 3.79 0.00
2011 85.76 11.76 2.48 0.00
2012 97.86 2.14 0.00 0.00
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relationship between pair of citation incidents. Results showed that for years 2008, 
2009, and 2011, there was no spatiotemporal clustering of the citation incidents, but 
for years 2010 and 2012, the citation incidents were spatiotemporally clustered. But 
the index was not able to identify the locations and time window of the clustering.

The MCE map delineated potential areas of liquor law violation incidents, and 
the validation of the map showed that in the last 5 years on average 89 % of the cita-
tion incidents overlap with the high probability zone delineated by the probability 
surface map. Though the MCE results were successful for this study, it had certain 
limitations. Firstly, only four factors were used with equal weights to determine the 
probability surface, so the analysis neither identified which factors had more influ-
ence than the others nor captured the effect of any other factor which may have 
influenced the spatiotemporal pattern of citation incidents. Secondly, the results 
may be biased due to the distance threshold assumption for each of the factors and 
the size of the grids used.

The data used in this study was not the best representation of underage drinking 
in La Crosse; nevertheless, the present approach not only provided useful informa-
tion to determine potential locations of future incidents but also showed the need for 
further research on the topic that will help to better develop intervention strategies, 
with more data related to alcohol-related crimes and accidents and the social dynam-
ics of the event. The mapping effort in this study will be helpful to the local police 
and community volunteers to deploy watch groups to restrict underage drinking and 
liquor-related crimes during Oktoberfest. The MCE application used in this study is 
also applicable in any other college towns having social events like Oktoberfest, 
where alcohol consumption is an important part of celebration. The multi-temporal 
analysis of citation incidents showed that existing preventive actions and the yearly 
increase in the number of police patrolling in La Crosse are not enough to curb the 
negative social impact of this popular festival. Thus, it is the responsibility of the 
city administrators to determine a constructive course of actions to better control 
the situation.
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    Abstract     Timely mapping  of crime  locations and accurate detection of spatial  
concentrations  of crime help to identify where crimes concentrate in space  and time 
and thus provide important information for crime reduction  efforts of law enforcement . 
The main objective of this chapter is to design and implement a Web-based GIS  for 
crime mapping  and decision support . The prototype system allows users to detect 
and view crime hotspots  in a Web environment  in the form of thematic layers overlaid 
on background data. Four hotspot  mapping  techniques, i.e., choropleth mapping , 
grid mapping , spatial ellipse  mapping, and kernel density  mapping , are implemented. 
The system can be used for mapping crime  hotspots, predicting the locations of 
future crime, and optimizing crime reduction efforts. It is a rich Internet  application 
and is much more effi cient than script-based clients in hotspot detection , map 
manipulation, and rendering. It is entirely based on open-source  software , making it 
affordable for many small- and medium-sized police  departments  in developing 
countries. Results from the prototype development demonstrate that for a Web-based 
crime mapping and decision support system, rich Internet application technology 
in combination with open-source software is an effective solution in terms of both 
system performance and fi nancial cost.  
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11.1         Introduction 

 Crime  has an inherent geographic component, and the locations of crime are not 
randomly distributed (Phillips and Lee  2011 ). Many police  departments  map crime 
data  as a part of their routine strategic and tactical activities (Levine  2006 ). 
Optimizing the spatial  and temporal  allocation of law enforcement  resources can 
contribute signifi cantly to crime reduction  and prevention. Timely mapping  of crime 
locations and accurate detection of spatial concentrations  or clusters  of crime help 
to identify where crime tends to concentrate in space  and time and thus provide 
important information for law enforcement resource allocation. Crime mapping  can 
be used for responding to incidents, generating intelligence products, reassurance 
policing , performance monitoring, and information sharing and partnership working 
(Chainey and Ratcliffe  2005 ; Home Offi ce  2005 ). Much of a crime mapping effort 
is devoted to the identifi cation of crime hotspots . The areas of concentrations or 
clusters of crime are referred to as hotspots . Hotspots are scale-dependent (Wu and 
Grubesic  2010 ). Various hotspot mapping  techniques such as choropleth mapping  
and kernel density  mapping  are available to provide different insights into the 
spatial patterns  of crime occurrences. Hotspots are of particular interests to law 
enforcement agencies  since they can be used to help predict the locations of future 
crime and to optimize crime reduction efforts (Chainey et al.  2008 ). 

 Various software products are available for crime  mapping  and analysis, and a 
selected list of them is given in Table  11.1 . Among them, ArcGIS for Desktop 
Basic, previously called ArcView, is a generic GIS  software whereas other products 
are mainly developed for dedicated purposes such as spatial  modeling and crime 
mapping . Many commonly used crime mapping tools such as CrimeStat , ArcView, 
and GeoDa (Eck et al.  2005 ) are desktop applications. A Web-based system offers 
many advantages over desktop applications. The availability of a Web-based crime 
mapping and decision support  system helps law enforcement  agencies  to conduct 
timely crime mapping and hotspot  detection  and to facilitate decision support in a 
crime crackdown. It delivers mapping tools to a wide range of police  staff more 
easily and faster. It ensures that the most up-to-date crime data  are used for mapping 
and analysis by accessing a centralized and regularly updated crime database . A Web-
based system can easily be integrated with other police systems such as command 
and control centers for responding to incidents much more effi ciently. Some Web-
based crime mapping systems  are available to the public. The website operated by 
the British government utilizes Google  Maps  and offers public access to monthly 
updated street level crime data in England and Wales (Police UK  2013 ). All crime 
incidents  reported to the police are expected to be shown on the website. The Omega 
Group has a Web-based product which can be used through a police department ’s 
intranet. A version of the product is up and running on the Internet , helping law 
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enforcement agencies throughout North America to provide the public with valuable 
information about recent crime activities in their neighborhoods (Crime Mapping 
 2013 ). The application is based on ESRI mapping engine and maps crime locations 
based on their types. CrimeReports runs a similar crime mapping service  as the 
Omega Group on the Internet, with crime data coverage extended outside North 
America (CrimeReports  2013 ). Its mapping service is based on Google Maps. 
Oakland Crimespotting is an interactive map of crimes in Oakland and a tool for 
mapping crime  locations (Oakland Crimespotting  2013 ). Its client side  is based on 
Adobe Flash, a rich Internet application technology that will be discussed in more 
detail in the latter part of the chapter. WebCAT is a Web-based crime analysis  toolkit 
available to all Virginia crime agencies (Hawkins et al.  2003 ; Calhoun et al.  2008 ). 
It uses open-source  MapServer as its GIS Web server  (MapServer  2013 ). In terms 
of crime mapping, it implements choropleth mapping  and kernel density  mapping  
functionalities on the server side.

   Law enforcement  agencies  generally require a Web-based mapping  application 
on their intranets, which makes public mapping service s such as Google  Maps  
unavailable. Compared with the development and maintaining costs of crime  map-
ping  applications, commercial Web-based mapping products such as ArcGIS Server 
are generally expensive and add to total fi nancial costs signifi cantly, which makes 
their wide use impractical for many small- and medium-sized police  departments , 
particularly in developing countries. In addition, most current Web-based GIS  
applications for crime mapping primarily use JavaScript-based technology for 
rendering point, line, or polygon dynamic data on the client side , which is effi cient 
only when the amount of dynamic data is limited, as is often the case with public 
mapping services on the Internet . However, for crime hotspot  mapping  the amount 
of dynamic data is relatively large, which may comprise hundreds or thousands of 
polygons. In order to effectively process these dynamic data on the client side, the 
client side will need to use rich Internet applications (RIAs). An RIA is a Web- based 
application that has the typical characteristics of desktop applications. Platforms 
that support RIAs include Adobe Flash, Microsoft SilverLight, and JavaFX. RIAs 
can shift a large part of processing burdens from the server to the client, allowing 
the server to provide services to more clients. RIAs provide effi cient client-side 
rendering mechanisms that can present responsive and graphically rich user inter-
faces, lowering the amount of traffi c between the client and the server, as compared 
to the HTML -based client–server architecture (O’Rourke  2004 ; Li et al.  2011 ). For 
a Web-based GIS for crime mapping and decision support , RIAs can implement 
computation-intensive algorithms on the client side and present the mapping 
output in an effi cient and responsive way, allowing the Web system to respond to 
more user requests very quickly. 

 This chapter aims to present the design and implementation of a Web-based GIS  
for effi cient crime  mapping  and decision support , which is based on open-source  
software  and rich Internet  client. The remainder of the chapter is organized as 
follows. The next section reviews some commonly used hotspot  mapping  techniques. 
Section  11.3  gives an overview of Web-based GIS techniques and compares the 
performances of various techniques for client side  rendering of geospatial  data . The 
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architecture and development of a prototype system of the Web-based crime mapping  
and decision support system is introduced in Sect.  11.4 . Section  11.5  presents some 
example application results of the system. Section  11.6  concludes the chapter with 
a discussion on future improvements.  

11.2     Hotspot Mapping  Methods 

 Many researchers have reviewed crime  hotspot  mapping  techniques (Eck et al. 
 2005 ; Chainey et al.  2008 ). In this section, we give a review of four hotspot mapping  
techniques  commonly used by law enforcement  agencies  and researchers. Figure  11.1  
shows some commonly used methods for crime hotspot mapping.  

11.2.1     Choropleth Mapping 

 Choropleth mapping  techniques are widely used to represent spatial  distribution s 
of geographic phenomena, and it is no exception with crime  data  (Harries  1999 ; 
Home Offi ce  2005 ). To create a choropleth map, the study area is divided into 
various geographic areal units, and each areal unit is shaded based on the number 
of crimes committed within it. The commonly used geographic areal units for 
crime mapping  are administrative regions and police  districts such as census tracts 
and police precincts . Areal units are classifi ed based on its crime count using a 
classifi cation scheme such as equal interval and natural breaks (Dent et al.  2008 ) 
and shaded using a coloring scheme. Choropleth maps help to identify areal 
units of high crime concentration and can be used to detect areal units of abnormal 
changes in crime occurrences by mapping  the difference in crime counts of com-
parable time periods. Figure  11.2  shows the fl owchart to generate a choropleth 
crime map, and an example of choropleth maps for crime mapping is shown in 
Fig.  11.1b .

11.2.2        Grid Mapping 

 One salient problem with choropleth maps  for crime  mapping  is the varying sizes 
and shapes of the geographic areal units. In order to overcome this problem, equally 
sized grids can be generated across the study area and be shaded depending on the 
number of crimes falling within each of them (Bowers et al.  2001 ; LeBeau  2001 ). 
The uniform size of grids facilitates the identifi cation and comparison of hotspots . 
The main issue with grid mapping  is the determination of grid sizes. In addition, 
grid mapping  output is often not aesthetically appealing. An example of grid the-
matic maps  is shown in Fig.  11.1c .  
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  Fig. 11.1    Common crime mapping techniques: ( a ) discrete point mapping, ( b ) choropleth mapping, 
( c ) grid thematic mapping, ( d ) spatial ellipse mapping, and ( e ) kernel density mapping       
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11.2.3     Spatial  Ellipses 

 In this hotspot  mapping  method, points are grouped into clusters  based on their 
proximity and a standard deviational ellipse is fi tted to each cluster to indicate the 
dispersion of crime  points  in the cluster through the ellipse’s size and alignment 
(Cromley  1992 ). Figure  11.1d  shows an example of spatial  ellipse  maps. 

 The K-means clustering  algorithm is one of the most commonly used clustering 
methods for generating spatial  ellipse  maps (Levine  2010 ). Users specify the 
number of clusters to be grouped and a separation value between initial seed loca-
tions. The algorithm makes initial estimates of seed locations for a specifi ed number 
of clusters, assigns each crime  to its nearest seed, recalculates a new seed for each 
cluster, and repeats the procedure. The procedure stops when there are no or few 
changes to each cluster. 

 The derivation of spatial  ellipses  depends only on the spatial positions of crimes 
in a cluster  and does not rely on geographic boundaries, as is the case with choropleth 
mapping  and grid mapping  (Martin et al.  1998 ).  

11.2.4     Kernel Density Mapping 

 Kernel density  is probably the most commonly used hotspot  mapping  technique for 
visualizing hotspots and has higher prediction abilities than other techniques (Chainey 
et al.  2008 ; Levine  2010 ). Its popularity is partly due to its ability to produce aestheti-
cally appealing maps. The fl owchart to create a kernel density surface is shown in 
Fig.  11.3 . To create a kernel density map , a grid is generated to cover the study area, 
then a kernel function  is centered on each crime  point, and density values are calculated 
for each grid cell by aggregating contributions from all crimes. Two commonly used 
kernel functions are normal distribution function and triangular function.

   For kernel functions , the bandwidth and grid dimensions (or grid cell size) are 
specifi ed by the users. For novice users, guidelines exist for choosing the bandwidth 
and grid dimensions (Williamson et al.  1999 ; Eck et al.  2005 ). For experienced 
users, changing these parameters allows them to investigate  the spatial  effects of 
these parameters on the density patterns. 

  Fig. 11.2    Flowchart of choropleth crime mapping       
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 The resulting density surface represents the point density of crime  in the study 
area and can be rendered using some classifi cation and coloring schemes, as with 
choropleth mapping  and grid mapping . An example of kernel density  map is presented 
in Fig.  11.1e . Examples demonstrating the use of kernel density mapping  techniques 
can be found in the work of many researchers and governmental reports (Chainey 
and Ratcliffe  2005 ; Eck et al.  2005 ).   

11.3      Web-Based GIS  Techniques 

11.3.1     An Overview of Web-Based GIS  Techniques 

 Depending on the requirements of individual systems, different architectures of 
Web-based GIS  have been presented in the literature. Many early Web GIS  systems 
are based on the widely used commercial product ESRI ArcIMS (Su et al.  2000 ; 
Chang and Park  2004 ; Sugumaran et al.  2004 ; Tsou  2004 ; Kontoes et al.  2005 ; Rao 
et al.  2007 ), and some are based on open-source  platforms such as MapServer and 
GeoServer (Tuama and Hamre  2007 ; Kruger et al.  2007 ). These systems, which are 
usually implemented in Dynamic HyperText Markup Language (DHTML ) and 
have limited interactive capabilities, deliver dynamically generated maps to the 
clients. Generating maps dynamically on the server posts a huge load demand, 
resulting in long response time and limited number of concurrent requests. Using 
cached tiles or pre-generated tiles has become a common practice to improve system 
response in various public mapping  service s such as Google  Maps  and Microsoft 
Bing Maps. Intranet applications have also started adopting such techniques 
(Kulawiak et al.  2010 ), and open-source script-based libraries such as OpenLayers 
provide effi cient tile rendering mechanisms. Caching or pre-generating tiles is a 
technique appropriate for background maps and images which do not need frequent 
updates, and other more dynamic data such as points and lines are rendered on the 
client using DHTML techniques. DHTML is suitable for rendering limited amount 
of data, which is usually the case in public mapping services. We have been developing 
Web GIS applications for crime  mapping  for nearly a decade for many municipal 
police  departments across China, and the applications have followed similar techno-
logical routes as described above. 

  Fig. 11.3    Flowchart to construct a kernel density surface       
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 The above described architectures use thin-client script-based technology, which 
rely heavily on the server for processing and do not take advantage fully of client- side 
computing capabilities. To overcome this problem, in early systems, rich clients use 
technologies such as Java Applet or custom-made browser plug-ins (Al-Sabhan 
et al.  2003 ). Custom-made browser plug-ins are rarely used in today’s applications 
because of such issues as compatibility, security, and initial downloading and 
installation. Java Applet, for various reasons, is seldom used as well. On the other 
hand, Adobe Flash, previously called Adobe Flex, is compatible with Windows, 
Macintosh, and Unix browsers; additionally, Flash starts much faster than Java 
Applet, and Flash can easily add animation , video, and interactivity to Web pages. 
It has extensive features and consistent appearance in major browsers. Flash comes 
with a variety of built-in user interface and other components. For Web GIS  systems, 
Flash provides effective vector and raster manipulation and rendering operations. 
More importantly, since popular Internet  video-sharing websites such as YouTube 
prefer Flash to display video contents, the Flash plug-in is the world’s most pervasive 
software reaching 99 % of Internet-enabled desktops in major western countries 
(Adobe Flash  2011 ), which Microsoft SilverLight cannot compete with. Commercial 
products like ArcGIS Server Flash APIs are commonly used to build Flash-based 
Web mapping  systems (Li et al.  2011 ; Defne et al.  2012 ).  

11.3.2     Comparison of Client-Side Rendering Mechanisms 

 A Web-based GIS  for crime  mapping  and decision support  requires an effi cient client 
side  rendering mechanism to support the presentation of large number of crime points , 
polygonal features, and other spatial  data  types. In this section, DHTML - rendering 
methods and rich-client methods are compared in terms of their performances. 

 There are three methods in DHTML  to render geographic features in a browser. 
The three methods are scalable vector graphics (SVG ), vector markup language 
(VML ), and HTML5. SVG is a standard proposed by the World Wide Web 
Consortium supported by major browsers, such as Mozilla Firefox, Internet  Explorer 
9, Google  Chrome , Opera, and Safari, to render two-dimensional vector graphics. 
VML is an XML-based language to render vector graphics and has been supported 
by Internet Explorer between versions 5 and 9. Before Internet Explorer 9, VML 
was the only available method to render vector graphics in Internet Explorer. 
Microsoft has encouraged the use of SVG over VML in Internet Explorer 9. Despite 
that, VML is still widely used in many websites because of the large number 
of legacy users of Internet Explorer 6 and Internet Explorer 8. HTML5 is a new 
version of HTML  that supports rendering graphics using the Canvas tag. HTML5 
graphics rendering capability is supported in all mobile browsers and latest versions 
of desktop browsers. 

 Flash is the most popular rich-client technology compared with SilverLight and 
JavaFX and is chosen to compare with DHTML . To compare the performances of 
DHTML and RIA for mapping  geospatial  features, two commonly used mapping 
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operations, i.e., zooming and panning, are compared. Two open-source  mapping 
frameworks, OpenLayers and OpenScales, are used to conduct the comparison. 
OpenLayers is an open-source JavaScript-based client-side mapping library that 
supports SVG , VML , and HTML5. OpenScales is an open-source Flash-based 
mapping library. Three browsers, Internet  Explorer 9, Google  Chrome , and Mozilla 
Firefox, are used for the experiments. The experiments are conducted on a Windows 
7 system, with 4GB of RAM and an I3 3.30 GHz processor. In all experiments, the 
entire dataset is loaded before the operations are conducted. Table  11.2  lists three 
datasets of various sizes used for the comparison. Tables  11.3  and  11.4  list the time 
used for zooming and panning 20 times, respectively.

     For panning operations, all rendering methods take a negligible amount of time. 
This is due to the fact that the entire dataset is preloaded and the panning operations 
involve the relocation of the previously generated images, which can be done in an 
efficient way by translating the container’s location only. For the zooming 
operations, the performance of each rendering method varies considerably. Flash is 
basically independent of the browsers and it takes no more than one tenth of the 
time used by the three DHTML  methods. As an RIA technology, the performance 

   Table 11.2    Test vector datasets   

 Dataset name 
 No. of 
polygons 

 No. of 
vertices  Sources 

 DS1  Countries – 
100 m 

 177  10,589  Natural Earth   http://www.naturalearthdata.com/
downloads/110m-cultural-vectors/110 m-admin-
0-countries/     

 DS2  Countries – 
50 m 

 242  99,606  Natural Earth   http://www.naturalearthdata.com/
downloads/50m-cultural-vectors/50m-admin-0-
countries-2/     

 DS3  Countries – 
10 m 

 253  536,399  Natural Earth   http://www.naturalearthdata.com/
downloads/10m-cultural-vectors/10m-admin-0-
countries/     

   Table 11.3    Time (in milliseconds) used from zooming 20 times   

 Dataset  Rendering methods 

 Browsers 

 IE9  Chrome  Firefox 

 DS1  SVG   1,345  858  1,622 
 HTML5  1,909  1,277  1,598 
 VML   9,156  N/A  N/A 
 Flash  71  72  74 

 DS2  SVG   10,331  5,342  12,441 
 HTML5  13,606  8,813  10,318 
 VML   120,588  N/A  N/A 
 Flash  371  379  372 

 DS3  SVG   55,730  21,734  60,480 
 HTML5  115,048  58,959  67,665 
 VML   No response a   N/A  N/A 
 Flash  1,831  1,890  1,887 

   a More than 10 min for the operation to be completed  
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of Flash depends on its internal rendering mechanism, and the browsers it runs 
within have little effect. Among the three DHTML methods, SVG  takes the least 
amount of time and VML  takes largest amount of time for all three browsers when 
applicable. The poor performance of VML is possibly partly due to the fact that 
Microsoft is on the way to phase it out. Among the three browsers, Chrome performs 
the best for all rendering methods, and the effi cient V8 JavaScript Engine used by 
Chrome contributes to its excellent performances. As the volume of the dataset 
increases, the time used increases. For the largest dataset (DS3) which contains 253 
polygons and 536,999 vertices, SVG takes at least 21 s, HTML5 58 s, and VML 
10 min, while Flash takes around 2 s. 

 A Web-based crime  mapping  and decision support  system needs to render large 
amount of dynamic data, particularly line and polygon features. The excellent 
performance of Flash, particularly for zooming operations, makes it a good choice 
for client-side geographic feature rendering.   

11.4      Prototype Design and Development 

11.4.1     Users and System Requirements 

 The Web-based crime  mapping  and decision support  system primarily targets law 
enforcement  agencies . The system can be deployed on their proprietary intranets. 
Law enforcement staff can perform sophisticated hotspot  analysis  and mapping  
using various methods. We are particularly concerned with small and medium-sized 
police  departments  in developing countries, which cannot afford expensive 
commercial GIS  software in addition to the development and maintenance costs 
of the system. The system can also be useful to the public when deployed on the 
Internet , enabling them to view, browse, and search crime points  of different types 
and time periods. 

   Table 11.4    Time (in milliseconds) used from panning 20 times   

 Dataset  Rendering methods 

 Browsers 

 IE9  Chrome  Firefox 

 DS1  SVG   1  2  4 
 HTML5  1  5  8 
 VML   6  N/A  N/A 
 Flash  3  3  3 

 DS2  SVG   2  3  4 
 HTML5  3  5  8 
 VML   6  N/A  N/A 
 Flash  3  3  2 

 DS3  SVG   3  6  8 
 HTML5  3  5  4 
 VML   10  N/A  N/A 
 Flash  3  3  1 
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 Drawing upon our previous requirement analyses with many law enforcement  
agencies , we conclude that the Web-based GIS  system for crime  mapping  and 
decision support  should implement such fundamental requirements as basic map-
ping  operations and hotspot  mapping . Basic mapping operations should enable 
users to zoom and pan to areas of interest; manage layer properties such as visibility, 
opacity, and display order; retrieve spatial data through Open Geospatial Consortium 
(OGC) protocols such as Web Feature Service (WFS) and Web Mapping Service 
(WMS); and display tiled maps for background display through Web Map Tile 
Service (TMS). Hotspot mapping functions should enable users to specify mapping 
methods and related parameters, defi ne classifi cation and coloring schemes, etc. 
In addition, crime data base  should be kept up to date with original master dataset 
within a reasonable time lag. Existing and incoming crime records  should be 
geocoded  accurately and stored in the spatial database  before being mapped for 
hotspot analysis .  

11.4.2     Choice of Open-Source Products 

 Since one objective of this study is to make the Web-based GIS  system affordable for 
small- and medium-sized police  departments  in developing countries, we choose to 
use open-source  products  instead of commercial GIS systems. Open-source software 
products such as OpenLayers and MapServer have been widely used in Web mapping  
and Web-based GIS systems (Tuama and Hamre  2007 ; Kulawiak et al.  2010 ; Rinner 
et al.  2011 ). On the server side, we choose PostgreSQL as the database server, 
PostGIS as the spatial  data base engine , and GeoServer as the GIS server. PostgreSQL 
is a powerful, open-source object-relational database system and runs on all major 
operating systems. It has a proven architecture that has earned a strong reputation for 
reliability , data integrity, and consistency. PostGIS is an open-source software  prod-
uct that adds support for geographic objects to the PostgreSQL object- relational 
database. GeoServer is an open-source Java-based software server that allows users 
to share and edit geospatial  data . Designed for interoperability, it publishes data from 
major spatial data sources such as Shapefi le, PostGIS, GeoTIFF, ArcSDE, GML, 
MySQL, Oracle, etc. It supports standard protocols including WFS, WMS, and WCS 
(Web Coverage Service) and can be confi gured through its user- friendly Web admin-
istration interface, which enables the rapid and easy publishing of spatial data. 

 On the client side , OpenScales is chosen as the mapping  engine. OpenScales is 
an open-source  mapping framework based on Adobe Flash and used for building 
rich Internet  mapping applications. It is a pure client-side product and can work 
with a suite of open-source and commercial products through standard protocols 
and supports different types of layers such as tiled map layers, common OGC 
protocols like WFS and WMS, effi cient and fast vector rendering capabilities, 
powerful style APIs, popup support, and XML runtime confi guration. It comes with 
a range of controls and components including essential map control, layer manager 
control, zoom/pan control, overview map, and scale bar. Together with good 
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documentation and a vast library of examples and tutorials, these controls and 
components enable the rapid and easy development of mapping clients with advanced 
features. As an open-source framework, OpenScales can be easily extended to 
accommodate custom requirements by allowing developers to delve into the source 
codes and to better understand the inner mechanisms of the framework.  

11.4.3     System Architecture 

    Figure  11.4  illustrates the architecture of the Web-based crime  mapping  and decision 
support  system. This multi-tier, client-server architecture is composed of a database 
server, a GIS  server, a spatial  data base engine , a Web server , and a Web client . All server-
side software is open-source  products . The database server hosts crime data  and other 
map data such as administrative boundaries and police  precincts . The database server is 
spatially enabled through the spatial database engine. The GIS server publishes such 
OGC services as WFS and WMS for mapping , querying, and updating the spatial 
database through the spatial database engine. The Web server hosts OpenScales docu-
ments, custom-made Flash controls, HTML  resources, and the cached tiled images.

   The Web client  is installed with Adobe Flash Player and accesses the Web 
resources on the Web server  and GIS  functionalities through the GIS server. The 

  Fig. 11.4    Architecture of Web-based crime mapping and decision support system       

 

11 A Web-Based GIS for Crime Mapping and Decision Support



234

Web client provides basic GIS functionalities through OpenScales framework and 
various crime  hotspot  mapping  options. The architecture of the client side  is shown 
in Fig.  11.5 . The application uses OpenScales controls such as map control and 
layer manager control for basic presentation and manipulation operations. The layer 
manager control manages such layers as tiled map service , WFS layers, feature 
layers, and image layers. The tiled map service is for the presentation of cached 
background data. WFS layers are used to retrieve spatial  data  such as crime points  
and administrative boundaries from the GIS server. Feature and image layers are 
used to render hotspot maps. In addition, custom controls including legend and 
symbology controls are implemented. The legend control shows the legend of the 
current hotspot map. The symbology control allows users to defi ne classifi cation 
schemes, color ramps, and symbology properties for each class.  

11.4.4     Prototype Development 

 A prototype of the Web-based GIS  for crime  mapping  and decision support  has been 
developed according to the requirements and design described in the previous sections. 
The prototype serves to demonstrate that open-source  software  can meet the require-
ments of Web-based GIS systems for crime mapping  and rich Internet  applications give 
users more freedom than thin-client applications to manipulate hotspot  mapping  options. 
The prototype also serves to refi ne the requirements of law enforcement  agencies .

   The main user interface of the prototype system is shown in Fig.  11.6 . Spatial  
data  are retrieved and rendered by using OpenScales built-in feature layers and 

  Fig. 11.5    Client-side architecture of the system       
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OGC layers. Hotspot map generation methods are implemented in ActionScript on 
the client side . Hotspots  are arranged in thematic layers, whose properties such as 
opacity, visibility, and display order can be changed in the layer manager control. 
Spatial data are published from GeoServer using standard OGC protocols. 

 Background maps provide important reference information such as roads, buildings, 
rivers, parks, and recreational locations for the spatial  distribution  of crime , and they 
are an inherent part of a crime mapping  and decision support  system. Background 
maps generally do not change frequently and can be cached at different scales in tiled 
images to provide effi cient Web mapping , which is a common practice in Internet  
mapping . As compared with on-the-fl y map generation, cached images provide an 
additional benefi t, i.e., visually more aesthetic maps. This is because cached images 
are usually prepared with a lot of effort at each display scale, sometimes with proprietary 
tools, whereas on-the-fl y map generation generally does not satisfactorily deal with 
such factors as feature selection and text labeling.   

11.5      Example Application Results 

 In this section, we demonstrate the application results of the prototype system. In 
the examples, the spatial  data  are originally obtained from a police  department  we 
worked with before and used here for demonstration purpose only. The crime  data set 
include such information as address, crime type, crime time, etc. Police precinct 
boundaries are used for choropleth mapping . Other spatial data are used primarily 
for background reference data. At each display scale, our background maps are 

  Fig. 11.6    The user interface of the system prototype       
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prepared with care and tiled images are generated with a proprietary tool built on 
ArcEngine. The background tiled images are published through the Web server. All 
data are processed to be in a local projected coordinate system to facilitate the 
calculation of geometric measures such as distance. 

 For many police  departments , geocoding  crime  records  is the fi rst step toward 
building a spatial  data base  for crime mapping . Various geocoding methods and tools 
are available to provide satisfactory positional accuracy  for the majority of records 
in western countries such as the United States (Zandbergen  2008 ). This is not the 
case for developing countries such as China (Li et al.  2010 ). In China, geocoding 
existing crime records is a daunting issue. This is due to the huge number of historical 
crime records to be processed and the lack of satisfactory automatic geocoding 
methods. Because of historical, cultural, and other reasons, Chinese addresses lack 
uniform formats, and the street numbers do not provide information on the relative 
positions of addresses in many cases (Li et al.  2010 ). Automatic tools generally 
yield address matching with an accuracy of less than 70 % according to our experi-
ences with many Chinese police departments. The remaining unmatched addresses 
are geocoded manually. For our example crime data set, the majority of the crime 
points  are already geocoded previously, and the remaining addresses are geocoded 
manually. For daily operational application of the system, incoming crime records 
should be geocoded and stored in the spatial database using a dedicated tool. 
The dedicated tool should provide an automatic tool to geocode incoming crime 
locations and provide functionalities to manually adjust wrongfully geocoded 
addresses. 

11.5.1     Hotspot Mapping  Implementation 

    Figure  11.7  exemplifi es choropleth mapping  in the prototype system using all 
crimes for the year of 2010. As a rich-client application, the prototype needs to 
conduct point-in-polygon algorithm, which is implemented by OpenScales, in order 
to determine the number of crimes falling within each areal unit. Different classifi cation 
and coloring schemes are provided to facilitate rendering.

   Figure  11.8  exemplifi es grid mapping  in the prototype system. The grid mapping  
function allows users to specify an area of interest and grid size and number of grids 
along the horizontal and vertical directions. Once the grid dimensions are defi ned, 
the number of crimes falling inside each grid cell can be easily calculated, and then 
it becomes choropleth mapping  with all necessary functions available to users.

   Figure  11.9  shows an example of spatial  ellipse  mapping  in the prototype 
system. The spatial ellipse function requires spatial clustering  of crime  points . The 
system implements K-means clustering method. Once the clusters are defi ned, a 
standard deviational ellipse is calculated for each cluster and displayed to users.

   Figure  11.10  shows an example of kernel density  mapping  in the prototype 
system. With the kernel density map ping function, users can specify the dimensions 
of the grid to be generated for holding the kernel density value at each point in the 
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study area. Kernel functions  such as the normal distribution function and triangular 
function can be specifi ed and kernel density values contributed from all crime  points  
are summed up for each grid cell. The bandwidth of the kernel function is defi ned 
by users. Once each grid cell receives its kernel density, the grid can be rendered in 
a way similar to choropleth mapping .  

  Fig. 11.7    Choropleth mapping overlaid with crime points       

  Fig. 11.8    Grid thematic mapping for crime hotspots       
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11.5.2     Spatial  and Temporal  Scale Effects 

 Spatial  and temporal  scales are key factors in many geographical phenomena, and 
crime  hotspot  detection  is no exception (Wu and Grubesic  2010 ). To explore the 
spatial scale effects on hotspot detection and mapping , users can vary geographical 

  Fig. 11.9    Spatial hotspot ellipses overlaid with crime points       

  Fig. 11.10    Kernel density hotspot mapping       
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areal units in choropleth mapping , grid size in grid mapping , the number of clusters  
to be grouped in spatial ellipse  mapping, and the bandwidth of kernel function  in 
kernel density  mapping . In all four mapping methods, users can also vary the time 
span of crime to study the effect of various temporal scales. Users can study a subset 
of crime points  by fi ltering the crime type as well. Figure  11.11  shows two kernel 

  Fig. 11.11    Spatial scale effects on kernel density mapping.  Top : normal kernel function with a 
bandwidth of 50 m.  Bottom : normal kernel function with a bandwidth of 100 m. These two maps 
use the same classifi cation and coloring schemes       
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density map s generated using normal kernel function with a bandwidth of 50 m 
and 100 m, respectively. These two maps show distinct hotspot patterns at two 
spatial scales.    

11.6      Summary and Conclusion 

 Existing applications for crime  mapping  and decision support  are either desktop 
applications or based on commercial GIS  products. The main objective of this 
research is to design and implement a crime mapping  and decision support system 
based on open-source  software  packages. The prototype allows users to detect and 
view crime hotspots  in the form of thematic layers overlaid on background data in a 
Web environment . The system is designed to be a part of a comprehensive police  
GIS system which basically encapsulates major aspects of routine police operations 
and can be effectively used for decision making. The prototype utilizes four hotspot  
mapping  techniques, i.e., choropleth mapping , grid mapping , spatial  ellipse  
mapping, and kernel density  mapping . Hotspots are arranged in thematic layers, 
whose properties such as opacity, visibility, and display order can be changed in the 
layer manager control. The prototype can be used to map crime hotspots, predict the 
locations of future crime, and optimize crime reduction  efforts for law enforcement  
agencies . The prototype allows users to specify various options for each hotspot 
mapping technique and to apply different classifi cation and coloring schemes. 
Users can also study the spatial and temporal  effects on crime hotspot patterns 
through the prototype. 

 The prototype is a rich Internet  application, making it much more effi cient than 
script-based clients in hotspot  detection , map manipulation, and rendering. Large 
number of polygons such as police  precincts  and grid cells can be easily manipulated 
within a Flash client, whereas a script-based client is extremely cumbersome to 
handle a decent number of polygons. The prototype is entirely based on open- source   
software , making it affordable for many small- and medium-sized police departments  
in developing countries. GeoServer is used as the GIS  server to publish crime  data  
and other spatial  data  through standard protocols like WFS and WMS. Spatial data 
are stored in PostgreSQL and spatially enabled through spatial database engine  PostGIS. 
The rich-client mapping  framework OpenScales, as an open-source product, can be 
easily extended to meet custom requirements by allowing developers to delve into 
the source codes and to better understand the inner mechanisms of the software. 

 Although the prototype system has been tested and used for mapping  property 
theft  on public transit systems in Beijing metropolitan area, it is still in preliminary 
development stage. For future improvements, classifi cation and coloring schemes 
may be saved on the server to allow users to retrieve and reapply them easily. 
Statistical charts such as bar charts and pie charts may be made available for better 
visualization and comparison. Other clustering  methods such as hierarchical nearest 
neighbor clustering will be implemented to offer different options for clustering and 
to generate spatial  ellipses  for hotspots . More kernel types will be made available 
for kernel density  mapping . Default bandwidth will be calculated for novice users. 
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Issues such as geocoding  accuracy  of addresses in China have broader implications, 
and advances in solving them will greatly benefi t GIS -based crime  mapping  systems. 

 The prototype focuses on hotspot  mapping . Other common GIS  functionalities 
can be added to it to provide forensic cues for law enforcement  agencies . One direction 
is to map hotel check-in records of suspects of motorcycle theft . Law enforcement 
agencies in many nations like China have all the check-in records of all hotel guests. 
Geospatial  analytic tools can be applied to fi nd those motorcycle theft suspects who 
have hotel check-in records outside their regular living areas during the period of 
the theft. A rule of thumb is that those suspects are more likely to have committed 
the crimes. Web-based GIS rich Internet applications can provide such functionalities 
on the client side  more effi ciently than script-based GIS applications. 

 Despite the fact that the prototype still needs further refi nements, results obtained 
from the system development and testing stages demonstrate that rich Internet 
application technology, in combination with open-source  software , is an effective 
solution for a Web-based GIS  crime  mapping  and decision support  system in terms 
of both system performance and fi nancial cost.     
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    Abstract     Research has illuminated the complex natural and social processes that 
occur after a natural disaster . Despite emergent efforts given to understanding the 
relationship between natural disasters and crime , few geographers have studied 
the effect that natural disasters have on the space -time behavior of crime patterns  
using local-level data. This research highlights aspects of change in patterns of 
crime as a result of a hurricane  disaster; the underlying social, economic, and demo-
graphic characteristics may contribute explanations of the changes. Specifi cally, 
this study analyzes multiple types of crime as a response to Hurricane Wilma in 
Miami, Florida, 2005. The results reveal that more accurate predictions of crime 
for specifi c crime types in specifi c cities with use of geographically weighted regres-
sion  are possible.  

  Keywords     Natural disasters   •   Crime   •   Space-time analysis   •   Geographically 
weighted regression (GWR )  

12.1         Introduction 

 Natural disasters  and severe weather phenomena are remarkable, yet terrifying 
displays of power, capable of producing widespread destruction and loss of life due 
to their large scale and unpredictability. According to the National Hurricane Center 
( 2011 ), Hurricane Wilma  in 2005 was the fourth costliest and twelfth most intense 
tropical cyclone in the United States since 1975. Despite the human technocratic 
domain, events like Hurricanes Ivan and Wilma humble society’s capacity to calculate 
chaos, specifi cally that of crime  and deviance. 
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 Despite emergent efforts given to understanding the relationship between natural 
disasters  and crime , few geographers have studied the effect that hurricanes  have on the 
space -time behavior of crime patterns . Research methods predominantly involve time 
series analyses of purely temporal  crime data  or the use of temporally or spatially aggre-
gated data, giving limited consideration to the spatial  distribution  of crime events or 
underlying characteristics of crime locations. To better understand the relationship, 
more recent studies have incorporated the dimensions of space, time, and underlying 
characteristics (e.g., LeBeau  2000 ; Hagenauer et al.  2011 ; Leitner and Helbich  2011 ). 

 The primary objective of this research is to examine underlying characteristics of 
crime  locations. The relationship between natural disasters , the space -time distribu-
tion of criminal activity , and potential causal characteristics has only recently been 
investigated (Hagenauer et al.  2011 ; Leitner and Helbich  2011 ). This research high-
lights aspects of change in patterns of crime as a result of a hurricane  disaster, arguing 
that the underlying social, economic, and demographic characteristics may contribute 
explanations of the changes. Specifi cally, this study analyzes the variation in multiple 
types of crime as a response to Hurricane Wilma in Miami, Florida.  

12.2     Disasters  and Societal Response 

 According to the Centre for Research on the Epidemiology of Disasters  (CRED 
 2011 ), the United States has experienced, on average, 7.23 natural disasters per year 
since 1900. These disasters are responsible for roughly 368 deaths, affect over 
236,000 people, and cause $5.1 billion in damages ever year. Hurricanes  represent 
the largest disaster force , accounting for only 12 % of these disasters, but producing 
39 % of all deaths, 49 % of all people affected, and 60 % of all damage costs related 
to natural disasters. 

 There has been much debate about the defi nition of disaster  characteristics. 
These include speed of onset, length of forewarning, magnitude of physical 
processes, geographical scope, temporal  duration of their effects, frequency and 
temporal regularity, extent of environmental cues, and familiarity to disasters by the 
community and disaster response personnel (Tierney et al.  2001    ). Alexander ( 1993 ) 
suggests that temporal phases of disasters should be considered a disaster 
characteristic. Timelines of human crisis are needed to gauge progress, assess 
recovery, and evaluate the effectiveness of policy. Kates and Pijawka ( 1977 ) list 
activities that cities undergo during the disaster recovery process in a four-stage model, 
which includes:

    1.    The emergency period   
   2.    The restoration period   
   3.    A replacement reconstruction period   
   4.    A period of commemorative, betterment, and development reconstruction (Fig.  12.1 )

       The emergency period, which may last from a few days to much longer periods 
of time, focuses on coping activities related to destruction of capital and loss of life, 
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when normal activities cease. The restoration period involves the restoration 
of building stock and infrastructure and covers the time when activities return to 
relatively normal operation. This period may last from several months to more than 
a year. The replacement reconstruction period is highlighted by capital stock and 
activities returning to pre-disaster  levels. The fourth stage involves large projects, 
usually fi nanced by the government, to memorialize, indicate betterment, or aid future 
growth (Kates and Pijawka  1977 ).  

12.3     The Relationship Between Disaster and Crime 

 Until recently, there has been a limited amount of empirical research which 
investigates the relationship between disasters  and crime . On one hand, there is a 
perspective that has confi dence in the occurrence of cohesion and altruism after 
disasters, while on the other, there is a view of torn social fabric and loss of social 
control  (Drabek  1975 ; Quarantelli and Dynes  1970 ; Perry and Lindell  1978 ). 
Despite general acceptance of the former in the academic realm, disaster myth pro-
liferation through mass media coverage (Wenger and Friedman  1986 ) and pervasive 
misconceptions about looting (Quarantelli and Dynes  1970 ) infl uence what is 
generally perceived about the prevalence of crime after disasters. 

  Fig. 12.1    Model of disaster recovery, illustrating the temporal phases of a disaster (Adapted from 
Kates and Pijawka  1977 )       
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 Confl icting fi ndings give no conclusive insight into the reactions of criminal 
activity  following a natural disaster . Researchers have found increased crime  rates  
(VanLandingham  2008 ,  2007 ; Thornton and Voigt  2007 ), decreased crime rates 
(Suar and Kar  2005 ), varying rates among different types of crime (Bailey  2009 ; 
Zahran et al.  2009 ;    Varano et al.  2010 ), and unchanged crime rates (Bass  2008 ; 
Cromwell et al.  1995 ) in the wake of a disaster. However, it is generally accepted 
that crime decreases immediately following a disaster, apart from domestic violence  
(Enarson  1999 ) and fraud  (Davila et al.  2005 ). 

 Cohen and Felson ( 1979 ) propose a routine activity approach for analyzing crime  
rates , which transcends fundamental human ecological theories. The authors argue 
that structural changes in “recurrent and prevalent” (Cohen and Felson  1979 , 593) 
activity patterns can alter crime rates by infl uencing space -time convergence of three 
minimal elements required for direct-contact predatory violations: (1) motivated 
offenders , (2) suitable targets, and (3) the absence of capable guardians  against a 
violation. Crime is created by the intersection of suitable targets and motivated 
offenders in time and space and is arbitrated by capable guardians . Any considerable 
disruption to any of these elements at the macro level will cause changes in crime rates. 

 Exceptionally large-scale events, such as hurricanes , are capable of affecting all 
elements of the routine activity theory . Shifting populations and changes to the 
physical environment as a result of these events are capable of altering the dynam-
ics of prevalent activities (Decker et al.  2007 ). The fi ndings of Cromwell et al. 
( 1995 ) concur that under extreme conditions, offi cial guardianship  systems may 
break down, an infl ux of outsiders increases the number of potential offenders , 
and potential targets, both people and places, are more vulnerable. LeBeau ( 2002 ) 
suggests that target vulnerability increased after a hurricane, as did attempts to 
increase guardianship.  

12.4     Ecology of Crime  and Geographically 
Weighted Regression 

 Stark ( 1987 ) proposes an ecology of crime  theory , which is comprised of 30 propositions 
as explanation for deviance of place, as a means of interpreting characteristics of 
neighborhood level crime. These pertain to characteristics of place factors (density, 
poverty, mixed use, transience, and dilapidation), impacts these have on moral order 
as people respond to them (moral cynicism, opportunities for crime, motivation to 
deviate, and diminished social control ), and how these responses increase deviance 
through consequences (attracting deviant people and activities, driving out the 
least deviant, and further reducing social control). These elements offer insight into 
the complex underpinnings of criminal activity  following a disaster . Empirical 
research focusing on determinants or underlying factors of crime has generally 
included demographic, socioeconomic, housing, disaster, and proximity variables in 
their analyses. Osgood ( 2000 ) includes at-risk information, housing, demographic, 
income, unemployment, and proximity variables in his regression  analysis  of crime. 
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Zahran et al. ( 2009 ) investigate socioeconomic, social order , and disaster variables 
in a longitudinal study of county-level crime. Leitner and Helbich ( 2011 ) analyze 
socioeconomic, demographic, housing, and proximity variables at the census tract 
level in a space -time study of crime . 

 Regression analysis  involves creating a model that “fi ts” the data or an empirical 
approximation of true relationships between variables. Part of this model-building 
process involves the estimation of unknown variables, with techniques such as ordi-
nary least squares  (OLS) (Montgomery et al.  2001 ). While conventional regression  
techniques , such as ordinary least squares, may provide insight into global trends in 
data, their inherent statistical assumptions may be inappropriate for spatial  data . 
This is due to the assumption of fi rst-order variation, without respect to second- or 
higher-order variation (Bailey and Gatrell  1995 ). Resulting issues of spatial autocor-
relation, spatial dependency, and spatial heterogeneity  violate assumptions necessary 
for regression modeling  (Anselin et al.  2000 ). 

 In response to the shortcomings of global regression  models, methods have been 
proposed to estimate local parameters of spatial  data  while considering spatial non- 
stationarity, or process not constant across space . In geographically weighted regres-
sion  (GWR), the model creates a continuous surface of parameter estimates that vary 
over space (Fotheringham et al.  2002 ,  2000 ). In crime  analysis , regression analysis  
has played a role in attempts to identify explanatory aspects of crime (Anselin et al. 
 2000 ). Tita and Radil ( 2010 ) provide a review of exploratory regression techniques  
related to criminology . GWR techniques have been incorporated in crime research  
focusing on local relationships. Cahill and Mulligan ( 2007 ) concluded that GWR 
techniques explained more variance about the relationship between elements of 
opportunity and crime in Portland, Oregon. Graif and Sampson ( 2009 ) found GWR 
superior to global techniques in determining the effects of neighborhood characteris-
tics, namely, immigration and cultural differences, on homicide  rates in Chicago, 
Illinois. GWR contributes to “spatially informed criminology by exploring the 
geographic dimensions of immigration and by modeling the heterogeneous spatial 
patterns  underlying the risk” of crime (Graif and Sampson  2009 ). 

 Theoretical perspectives, including environmental criminology , have often been 
considered in selecting variables for regression  analysis . In analyzing aggregate 
rural youth violence  among 264 non-metropolitan counties in four states, Osgood 
( 2000 ) considers social disorganization  when selecting variables for OLS  and Poisson-
based regression techniques . Selected variables include measures of residential 
instability, ethnic heterogeneity, family disruption, poverty, unemployment, and a 
dummy variable representing proximity to metropolitan counties. Social disorgani-
zation and segmented assimilation theories are considered in selecting variables for 
OLS and GWR techniques  for analyzing the effects of neighborhood characteristics 
on homicide  at the census tract level in Chicago (Graif and Sampson  2009 ). 
Independent variables considered for regression include measures of population 
density, poverty, female-headed households, households with public assistance, 
residential stability, and language diversity. Leitner and Helbich ( 2011 ) use several 
easily obtainable variables in their spatial  regression  analysis in their spatiotemporal  
analysis  of crime  in Houston, Texas, following Hurricanes  Rita and Katrina. Using 
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2000 census data, the authors derived 11 demographic and socioeconomic variables. 
These include (a) 2000 % Whites, (b) 2000 % African Americans, (c) 2000 % Asians, 
(d) 2000 % civilian labor force  that is unemployed, (e) 1999 % persons below the 
poverty level, (f) 1999 median household income in $1,000, (g) 2000 % housing 
units vacant, (h) 2000 rental vacancy rate, (i) 2000 % owner- occupied housing units, 
and (j) 2000 % renter-occupied housing units. Additionally, a proximity variable – 
distance to the nearest police  (sub)station – was also derived from spatial data . 

 These studies have generally found a consistent set of explanatory variables 
associated with crime  clustered  in space . Consistency among relevant literature 
reveals a theoretically based selection of potential predictor values for regression  
modeling . However, it is stressed that ecological studies of crime can be explored 
for local processes that are not supported by crime theory  (Cahill and Mulligan 
 2007 ); that is, casual activity may vary over space and exploring local spatial  pattern  can 
be useful for providing local context of crime which are not accounted for Global 
OLS  model. Furthermore, different types of crime may require different theories 
and subsequently different variables (Tita and Radil  2010 ). The present study 
will contribute to an understanding of ecological aspects of crime events in 
Miami, Florida.  

12.5     Hurricane Wilma  and Miami, Florida 

 Hurricane Wilma  was originally formed as a tropical depression in the Caribbean Sea 
near Jamaica on October 15, became a hurricane on October 18, became a Category 
5 hurricane with winds of 15 mph, and struck south Florida on October 24, 2005, as 
a Category 3 hurricane, before producing ten tornadoes over the peninsula 
(Fig.  12.2 ). Wilma is attributed with causing fi ve directly related deaths and a 
substantial number of downed trees and damaged houses. Wilma also caused the 
largest disruption of electrical service damage ever to occur in Florida. The extent 
of this disruption included outages in 42 Florida counties, equal to 98 % of South 
Florida. Insurance claims for Wilma totaled $10.3 billion, of an estimated $20.6 
billion in total damages (National Hurricane Center  2006 ).

   The jurisdiction of the Miami Police  Department  comprises all unincorporated 
areas and some incorporated areas of Miami-Dade County, one of Florida’s numerous 
coastal counties. The Miami-Dade Police Department provides basic law enforce-
ment  services to the more than 1.2 million residents living in the unincorporated 
areas, in addition to those living within contracted incorporated areas (Miami-Dade 
County 2004). Because the Miami-Dade Police Department provides contractual 
services to incorporated areas outside of its offi cial jurisdiction while letting other 
municipalities police their own jurisdictions, a complete contiguous study area could 
not be obtained, but contiguity was required in order to eliminate island effects in 
the data. We excluded city of Miami, South Miami, Pinecrest, West Miami, Miami 
Springs, Hialeah, Medley, North Bay Village, Miami Beach and Key Biscayne. 
Consequently, the study area comprised 345 contiguous US Census Bureau block 
groups in Miami-Dade County (2010), an area of approximately 741 km.  
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12.6     Data and Methods 

12.6.1     Crime  Data 

 Crime  data were collected for a study period 3 months prior to and after Hurricane 
Wilma . This includes the dates July 23, 2005, to January 24, 2006. Types of crime 
in the datasets were converted to Uniform Crime Reporting (UCR) classifi cations 
(Uniform Crime Reporting Program  2004 ) (Table  12.1 ).

   Time series were created for daily crime  totals for selected types of offenses for 
6 months for the study site (Fig.  12.3 ). They reveal that reports of larceny -theft  
generally decline during hurricane  landfall, while reports of burglary  generally 
increase. Miami-Dade experienced highest totals of 29 burglaries on October 25 and 
87 larceny-thefts on October 18. These are considerably higher than the respective 
6-month average totals of 15 and 53.

   The spatial  distribution  of burglary  and larceny -theft  during the study period 
appears to be heterogeneously distributed and occurs at higher densities in 
certain areas (Fig.  12.4 ). Kernel density  estimates (KDE ) are widely accepted tech-
niques for estimating a surface density from crime  point data, as they can easily 
illustrate density or clustering  among points (Fotheringham et al.  2000 ; Eck et al.  2005 ; 

  Fig. 12.2    Study site of Miami-Dade, Florida. A hurricane track for Wilma has been included for 
reference       
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 UCR crime  type  Count  % 

 (1) Criminal Homicide  140  0.08 
 (2) Robbery   512  3.10 
 (3) Aggravated Assault  1,013  6.14 
 (4) Burglary  2,849  17.27 
 (5) Larceny-theft   9,907  60.05 
 (6) Motor vehicle theft  2,133  12.93 
 (7) Arson  69  0.42 
 Total:  16,497 

  Fig. 12.3    Daily crime totals by crime. Time series for 6 months of crime counts in Miami       

  Fig. 12.4    Point map of the selected crimes across Miami       

  Table 12.1    Study area, 
counts, and percentages  
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Chainey and Ratcliffe  2005 ). In Miami, burglary hotspot  concentrated over a 
relatively larger area to the south; the three major hotspots of larceny-theft are 
scattered out in small pockets across Miami, and the relatively weak hotspots of 
theft of motor vehicle  are located in small pockets to the north and south (Fig.  12.5 ).

    A general consensus exists within the literature about concepts that infl uence 
crime  including guardianship , motivated offenders , suitable targets, socioeconomic 
status (SES) (also defi ned as disadvantage, affl uence, and poverty), transience, 
accessibility, and levels of formal social control  (i.e., police  concentration) (Cahill 
and Mulligan  2007 ; Stark  1987 ; Cohen and Felson  1979 ). These concepts are broad 
and general, and researchers often disagree about the selection of proxy variables to 
represent these factors. A set of ecological concepts were identifi ed within the 
literature (Table  12.2 ), along with theoretical descriptions and the sources of these 
descriptions, and proxy variables that characterize the broad concepts.

   A racial heterogeneity index, residential stability, and family disruption are 
proxy variables for guardianship . Population density represents motivated offenders . 
Median household income, % unemployed, % persons below the poverty level, and 
% college  graduates  are proxy variables for socioeconomic status, disadvantage, 
affl uence, and poverty. To represent transience, % housing units vacant and rental 
vacancy rates constitute proxy variables. Suitable targets are represented by % 
owner-occupied housing units and % renter-occupied housing units. Distance to the 
nearest municipal police  (sub)station and distance to the nearest county police  (sub)
station are proxy variables for formal social control  or police concentration. Distance 
to the nearest interstate/expressway exit and distance to the nearest major road 
constitute proxies for accessibility. Stability is measured as the proportion of 
residents who have lived in the same residence since 1995. The heterogeneity index 

  Fig. 12.5    Kernel densities of the selected crimes across Miami       
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was calculated from seven race classifi cations (White, African-American, American 
Indian, Asian, Pacifi c Islander, Hispanic, and others) and considers the relative size 
and number of racial groups in an area. This measure has a range of 0–1 with 1 
representing maximum heterogeneity, or least variation in the racial groups of an 
area. Family disruption is measured by the proportion of divorced or separated persons 
of all married persons in the population. The college graduate variable is the proportion 
of all individuals 25 years or older who have obtained a college education.  

12.6.2     Methods 

 Following the technique presented by Leitner and Helbich ( 2011 ), a scan statistic 
was applied to each crime  type using a circular search window, with 1 day as the 
temporal  unit. The upper limit of the geographical size of crime clusters  was set to 
the area covered by 50 % of the crime cases, and the maximum temporal length was 
set to 50 % of the study period. As a result, a “typical” daily crime and “highest” 
daily crime emerged and are used for a dual kernel density  estimate by subtracting 
a typical crime total from a high period crime total. Miami had its highest daily 
totals of burglary  (29) on October 25, larceny -theft  (87) on October 18, and theft of 
motor vehicle  (24) on September 22. Typical daily totals for burglary (15), larceny- 
theft (53), and theft of motor vehicle (11) occurred on September 29, October 6, and 
August 12, respectively.    The dates of the highest totals for burglary and larceny are 
during Hurricane  Wilma, and the date of highest total for theft of motor vehicle is 

   Table 12.2    Variables for regression   

 Variable 
 Expected 
correlation  Interpretation  Source 

 Racial heterogeneity index  +  Guardianship  2000 census 
 Residential stability  − 
 Family disruption  + 
 Population density  −  Potential offenders  
 Median household income  −  Disadvantage, 

affl uence, poverty  % unemployed  + 
 % persons below poverty level  + 
 % college  graduates   − 
 % housing units vacant  +  Transience 
 Rental vacancy rate  + 
 % owner-occupied housing units  +  Potential targets 
 % renter-occupied housing units  + 
 Dist. to the nearest municipal police  

(sub)station 
 +  Guardianship  GIS  derived 

 Dist. to the nearest county police  
(sub)station 

 + 

 Dist. to the nearest interstate/
expressway exit 

 −  Accessibility 

 Dist. to the nearest major road  − 
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1 month before Hurricane Wilma and right during Hurricane Rita (September 20, 
2005). Dual KDEs were created using CrimeStat  3.3 (Levine  2010 ). Parameters 
included the use of a quartic kernel function  with an adaptive bandwidth of 15 crime 
points . The cell sizes were determined by dividing the shorter of the two sides of the 
minimum bounding rectangle for the study area by 150 (Eck et al.  2005 ). This step 
resulted in cell sizes of approximately 607 ft. for Miami. A dual KDE  was calcu-
lated for three different types of crime – burglary, larceny-theft, and theft from a 
motor vehicle. Density values from this process were then aggregated to the block 
group level for regression  modeling . 

 The fi nal techniques may help illuminate the characteristics that infl uence criminal 
activity  during hurricane  disasters . This research analyzed 11 socioeconomic and 
demographic variables and four proximity variables at the census block group level 
for each of the cities. Aspatial     and spatial regression  techniques were used to gain a 
better insight into the possible causes for crime  clusters  and general increases in 
crimes associated with hurricane landfall. The 15 socioeconomic, demographic, 
and proximity variables discussed previously were used as independent variables. 
For each selected crime, a dependent variable was calculated from the dual kernel 
density  estimations from the previous section, representing an overall increase in 
the selected crime between the base and high periods, which were subsequently 
aggregated to the block group level. Initially, an ordinary least squares  (OLS) regres-
sion  was used to regress all 15 independent variables onto each of the dependent 
variables. A step-wise algorithm was implemented to reduce the number of independent 
variables in the model. The selection was stopped until all regression coeffi cients 
were signifi cant at  p  = 0.1. The statistical software package SPSS was used during 
the step-wise process. The fi nal OLS identifi ed variables that infl uenced increases 
in crime at the global level. Ultimately, a geographically weighted regression  
(GWR), which accounts for local variation, was used to regress onto each dependent 
variable, the corresponding independent variables identifi ed in the OLS process. 
GWR was performed using ArcMap 10.   

12.7     Results 

 In order to analyze a general increase in crime  during the study periods, a dual 
kernel density  estimate (KDE ) was calculated to identify areas of increased crime 
density . The crime density surface represents a change between a period of many 
crimes and a period of typical crimes. Subsequent surfaces reveal homogeneity 
among the different types of crime. The range of values varies among each location 
and type of crime, but darker areas represent increases in crime per unit area. Miami-
Dade experienced increased burglary  in a small pocket to the south, larceny -theft  in 
small pockets to the north and south, and theft of motor vehicle over a relatively 
larger area to the north (Fig.  12.6 ). This pocket coincides with the established 
burglary hotspot , but larceny-theft and theft of motor vehicle  clusters  do not overlap 
areas of the established hotspots, but rather areas of lower densities or areas experi-
encing less than typical crime. 
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 As a global model, a parameter is estimated for each variable and is assumed to 
be equal across the study area. A GWR analysis  was subsequently used to explore 
these fi ndings and to identify local variations in the estimated parameters. An initial 
GWR model was developed to identify parameter estimates for variables that 
are close to zero. These variables are eliminated as they tend to not infl uence the 
dependent variable. A fi nal GWR model is identifi ed that has signifi cant regression  
coeffi cients. Seven variables were identifi ed by the OLS  model of burglary  at the 
study area level. Three of these were found to have contributed to the increased burglary 
at the local level (Table  12.3 ). These included the heterogeneity index, percent 
college  graduates , and percent housing units vacant. The relationship between the 
independent variables and the general increase in burglaries is revealed by a spatial  
distribution  of regression coeffi cients (Figs.  12.7 ,  12.8  and  12.9 ).

12.7.1        Miami-Dade Burglary 

 The global model identifi ed seven signifi cant parameter estimates (Table  12.3 ), of 
which three estimates were in the expected direction. The heterogeneity index and 
housing unit vacancy were positively correlated, and college  graduates  negatively 
correlated to the general increase in burglary . These relationships were expected, 
but those of the remaining four estimates were inverse to what was anticipated. 
This fi nding indicates that areas farther from municipal and county police  stations 
experienced a higher level of burglary. Additionally, areas farther from interstate 
exits and areas with higher population densities experienced more burglaries. 

  Fig. 12.6    Dual kernel densities of the selected crimes across Miami       
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      Table 12.3    Final models of ordinary least squares  regression and GWR    

 Variable 

 OLS  results 

 Crime  type 

 Burglary  Larceny-theft   Theft of vehicle 

 Intercept  0.055086  0.224976  0.051222 
 Racial heterogeneity index  0.065096  −0.080394 
 Residential stability  0.000254 
 Population density  −0.000002  0.000002 
 % persons below poverty level  −0.000529 
 % college  graduates   −0.000511  −0.001666 
 % owner-occupied housing units  0.000557 
 % renter-occupied housing units  0.000209 
 Dist. to the nearest municipal police  (sub)

station 
 −0.000001  −0.000002 

 Dist. to the nearest county police  (sub)station  −0.000001  −0.000005 
 Dist. to the nearest interstate/expressway exit  0.0000004  −0.000001 
 Dist. to the nearest major road  −0.000006 
 Adjusted R 2      0.429  0.292  0.513 
 AICc  −1,738.5  −725.5  −1,773 

 GWR  results 
 Adjusted R 2   0.869  0.872  0.972 
 AICc  −2,200.2  −1,223.5  −2,684.9 

   AICc  Corrected Akaike Information Criterion  

  Fig. 12.7    Spatial distribution of regression coeffi cients of independent variables in GWR model 
for burglary in Miami-Dade: ( a ) heterogeneity index, ( b ) % housing units vacant, and ( c ) % college 
graduate       
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The fi nal OLS  model explained 43 % of the variance in the general increase of 
burglary and produced an AICc of −1739. The fi nal GWR  model estimated coeffi cients 
for the signifi cant variables – heterogeneity index, % college graduates, and % 
housing units vacant – which exerted the strongest infl uence on the density of 
burglaries. This model explained 87 % of the variance and produced an AICc of −2200, 
both improvements over the global model. The    spatial  distribution  of regression  
coeffi cients (Fig   .  12.6 ) reveals the relationship between the independent variables 
and the general increase in burglaries is heterogeneous across the study area. A positive 

  Fig. 12.8    Spatial distribution 
of regression coeffi cients 
of independent variables 
in GWR model for larceny-
theft in Miami-Dade: 
( a ) % college graduates 
and ( b ) % owner-occupied 
housing units       

  Fig. 12.9    Spatial distribution of regression coeffi cients of independent variables in GWR model 
for theft of motor vehicle in Miami-Dade: ( a ) heterogeneity index, ( b ) % persons below poverty 
line, and ( c ) % housing units vacant       
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relationship between the independent variables and the general increase in burglaries 
is revealed by the area near the location of two signifi cant burglary clusters  – toward 
the northeast and along the coast (Fig.  12.7 ). This means that an increase in the 
heterogeneity index and % housing units vacant and a decrease in the percentage of 
college graduates result in more burglaries.

12.7.2        Miami-Dade Larceny-Theft 

 The global model identifi ed fi ve signifi cant variables, of which two were in the 
expected direction (Table  12.3 ). Estimates for % college  graduates  and distance to 
the nearest major road were both negative correlated to the increase in larceny -theft , 
while the other estimates did not have the expected direction. This fi nding means 
that areas closer to police  stations and areas with higher % owner-occupied housing 
units experienced more larceny-thefts. The fi nal OLS  model explained 29 % of the 
variance, a relatively low explanatory power. The OLS model produced an AICc 
of −726. The fi nal GWR  model estimated coeffi cients for % college graduates and 
% owner-occupied housing. The model explained 87 % of the variance and 
produced an AICc of −1223, a signifi cant improvement over OLS. The    spatial  
distribution  of coeffi cients (Fig.  12.8 ) shows that the relationship between the 
independent variables and the general increase in larceny-theft is heterogeneous 
across the study area. A generally positive relationship between the independent 
variables and the general increase in larceny-theft is revealed by the area near the 
location of several signifi cant clusters  in the north (Fig.  12.8 ). This means that a 
decrease in % college graduates and increase in % owner-occupied housing units 
results in more larceny-thefts.

12.7.3        Miami-Dade Theft of Motor Vehicles 

 The OLS  model identifi ed seven signifi cant estimates, of which three were in the 
expected direction (Table  12.3 ). Estimates for distance to the nearest interstate exit 
were negatively correlated, while % renter-occupied housing units and % housing 
units vacant were positively correlated to the general increase in motor vehicle 
thefts . The remaining estimates, which were not in the expected direction, revealed 
that a decreased heterogeneity index and % persons below the poverty line and 
increased % population density and residential stability resulted in more motor 
vehicle thefts . The fi nal OLS model accounted for 51 % of the variance and pro-
duced an AICc of −1773.

   The fi nal GWR  model estimated coeffi cients for the heterogeneity index, % 
persons below the poverty line, and % housing units vacant. The model explained 
97 % of the variance and produced an AICc of −2684.87, tremendous improvements 
over the global model. The heterogeneous spatial  distribution  of regression  
coefficients (Fig.  12.9 ) reveals a generally positive relationship between the 
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independent variables and the increase in burglaries  near the location of the signifi cant 
theft  of motor vehicle  cluster  (Fig.  12.9 ). This means that a decrease in racial 
heterogeneity and % persons below the poverty line and an increased % housing 
units vacant result in more motor vehicle thefts.   

12.8     Summary and Discussion 

 This study investigates the impacts of hurricanes  on the spatial  and temporal  distri-
bution  of crime  in the cities of Miami, Florida. Societal structures infl uence criminal 
opportunity and activity, such as orders for mandatory (or voluntary) evacuations or 
curfews. The highest daily totals for crimes, which were used to estimate density 
surfaces, also occurred 1 week prior to landfall or on the day of landfall.    Highest 
daily crime total for theft of motor vehicles occurred during the landfall of Hurricane 
Rita other than the study event, Hurricane Wilma. This research fi nds that crime 
clusters  were infl uenced by hurricanes. 

 The application of regression  techniques  to models of change in crime  density  as 
a result of tropical storms also produced interesting fi ndings. Initial OLS  models 
used to identify suitable regression variables were not robust, but gave backing to 
theoretically supported variables. Measures of guardianship  (the heterogeneity 
index), of transience (% housing units vacant), of affl uence/poverty (% college ), 
and of potential targets (% owner-occupied housing units) were signifi cant in many 
of the models and exerted strong infl uence on crime. Proximity measures (distances 
to the nearest police  stations, interstate exits, and major roads) were signifi cant in 
nearly every model, but exerted only a weak infl uence on the number of crimes. 

 Additionally, in many cases, regression  variables did not correlate to increased 
crime  rates  as expected. GWR  results provided signifi cantly more robust models, 
but did not give insight into the counterintuitive relationship between explanatory 
variables and crime. This suggests that crime patterns  are infl uenced by underlying 
variables differently during hurricane  events than what is supported by theory . 

 Ultimately, fi ndings show that several factors infl uence criminal activity  at 
different levels following a hurricane . Regression techniques  reveal that, during 
hurricane events, city-wide burglary , larceny -theft , and theft of motor vehicle  crimes 
generally increase because of demographic, economic, and proximity factors. These 
factors variably infl uence criminal activity across each city as characteristics of 
neighborhoods contribute to different aspects of crime . The areas with the increased 
crimes 1 week prior to the landfall or on the day of the landfall are located in 
economically disadvantaged neighborhoods. Law enforcement  should place some 
personnel into specifi c neighborhoods of the city to watch out for potential criminal 
activities during disaster  events. 

 The fi ndings of this research are important for the underlying socioeconomic, 
demographic, and proximity variables of crime . A universal model for predicting 
crime occurrences may be unattainable because of the dynamic nature of urban 
systems, policy, and criminals, but more accurate predictions of crime for specifi c 
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crime types in specifi c cities are possible. The method of this research is also important 
to assist law enforcement  planners and disaster  management personnel in preparing 
for hurricanes  and other disasters. Areas of cities may be characterized in advance 
as at risk for increased crime based on historical data, and law enforcement personnel 
can be allocated based on future needs. 

 The current analysis could be expanded with additional variables, such as damage 
information, land use, distance measure to other facilities, evacuation information, 
and police  plans and activities, to determine crime -specifi c variables in support of a 
universal model. Analysis could then be repeated on the same cities, as well as 
others, to identify temporal  and spatial  trends of crime. The authors of this chapter 
are expanding upon the aforementioned research through the comparative study of 
crime  patterns and underlying characteristics of three dissimilarly populated cities 
affected by signifi cant Atlantic hurricanes . Those cities include Miami, Pensacola 
in Florida, and Mobile in Alabama.     
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Abstract The annual deforestation rate of Pakistan is 2.37 %, the highest degradation 
rate in Asian countries. Illegal encroachment on forest land is one of the major 
causes of deforestation in Pakistan. This study addresses the issue of forest encroach-
ments in Murree Forest Division (MFD). MFD is a biodiversity-rich popular hill 
station of Punjab province and hosts thousands of visitors throughout the year. MFD 
comprises of 19,135 ha (47,285 acres) of state forest land, out of which 1,158.8 ha 
(2,862 acres) was identified as land encroached upon by the land grabbers, builders, 
and timber mafia. During the past decade this problem has drastically increased and 
led to a suo moto initiative by the Lahore High Court (vide Writ Petition No. 1813–
2010). For the forensic support to the court, a detailed geographic information system 
and remote sensing baseline mapping have been carried out in close coordination 
with the Punjab Forest Department, Survey of Pakistan, Punjab Revenue Department, 
and WWF-Pakistan. Legal forest boundaries were delineated using high-precision 
surveying based on a Differential Global Positioning System and total station systems, 
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whereas the encroachments were identified using high-resolution satellite images. 
The accuracy of these boundaries and encroachments was assessed and validated on 
the ground as well as on historic maps. The study outcomes were presented to the 
court as a supporting document of evidence to help them make a better decision 
against the encroachers and land retrieval. The main goal of the study was to prioritize 
conversion strategies for sustainable natural resources and segregate them into 
immediate, mid-term, and long-term process of land retrieval to restoring forests 
back to their original state. The study prompts the relevant government officials to 
adopt the latest mapping technologies of GIS, GPS, and RS for efficient forest 
management practices and sustainable enhancements.

Keywords Forensic GIS • Forest conservation • Differential Global Positioning 
System (DGPS) • Delineation • Documenting evidence
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DFO Divisional forest officer
DGPS Differential global positioning system
EIA Environmental impact assessment
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FIRs First information reports
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GIS Geographic information system
GOP Government of Pakistan
GPS Global positioning system
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km Kilometer
m Meter
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NOC No objection certificate
PDOP Positional dilution of precision
PF Protected forest
PFD Punjab Forest Department
PRD Punjab Revenue Department
RF Reserved forest
RS Remote sensing
SMC Study Monitoring Committee
SoP Survey of Pakistan
WWF World Wide Fund for Nature
yr Year
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13.1  Introduction

This study is focused on forest land encroachment in Pakistan and proposes an 
effective solution to help the Judiciary to eradicate the associated problems. 
The kernel of the study is the baseline data development (a self-contained forest 
inventory) to make forest monitoring and evaluation easy and efficient on a practical 
basis. The adoption of a geographic information system (GIS) and remote sensing 
(RS) along with the global positioning system (GPS) increases the capacity of 
relevant government officials in updating forest records, continuous monitoring, 
and evaluation. The major goal of the study was to retrieve the encroached land for 
forest restoration and to augment forest conservation initiatives. In addition, the 
outputs will be presented to the Lahore High Court as a supporting document of 
evidence. Overall the study encompasses:

• Developing reference bench marks for forest boundaries
• Delineating the legal boundaries of state forests in Murree Forest Division by 

involving line departments
• Identifying the forest sections facing high encroachment threats
• Investigating the delineated forest boundaries with reference to Patwari Maps1 

and identifying encroachments

Forests are the lungs of the earth. They play an important role in providing 
natural habitat to plants, animals, and microorganisms (biotic components) in that 
area functioning together with all of the nonliving physical (abiotic) factors of the 
environment, collectively called “a forest ecosystem” and probably one of the oldest 
surviving ecosystems (Christopherson 2009). FAO studies reveal that the trees and 
other vegetation globally contribute in the storage of carbon by a number of 289 
gigatons (Gt). This carbon storage has decreased by an estimated rate of 0.5 Gt a 
year between 2000 and 2010 due to a reduction in the total forest cover area 
(FAO 2010).

Forests in Pakistan are in a critical situation. According to Pakistan Bureau of 
Statistics for 2010, the total forest land area in Pakistan is 4.23 million ha (almost 
5.3 % of its total land) (PADs 2011). Pakistan falls in the lowest category of percentage 
groups of the total global forest cover (0–9 %), having 2.5 % forest cover reported 
by Hasan (2001) out of 5.3 % forest designated land. Calculations associate a 
value of 0.026 ha of forest per capita which is far less than the threshold value of 
25 % (a minimum level to meet an ecological balance) of the total land area that 
should be forested. The previous statistics on forest cover in Pakistan are really 
alarming (Table 13.1). Reports published in 2010 and 2011 conclude a value of only 
2.1 % forest cover land in Pakistan (FAO 2010).

1 Patwari maps are set of revenue maps usually referred to as village maps or Patwari field maps. 
These include latha and mussavi maps. A Patwari (a lowest rank official in revenue system for two 
to four villages) is responsible to maintain these maps along other records, i.e., jamabandi (record 
of rights), register intkaal (mutations register), khasra girdawari (harvest inspection register), shajra 
nasb (genealogy table), field measurement book, and roznaamcha waqiati (daily journal).
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Pakistan is continuously losing its forest and unveils the world’s second highest 
deforestation rate. Major causes of forest degradation in Pakistan are anthropogenic 
rather than being due to climatic variations (Bhatti 2011). Anthropogenic threats 
include illegal cutting, commercial overexploitation, illegal land encroachment, 
overgrazing, poor management, and other man-made ecological changes (Irshad 
et al. 2011). Hasan, L. (2008) associates these problems to a lack of understanding 
of Land Tenure Arrangements since British rule in the subcontinent. Implementation 
of old and obsolete management practices by forest officials is a negative feedback 
to forest growth in Pakistan. No standardized forest database exists in the country. 
Register-based records waste much of useful time and are inadequate for forest 
management activities. Forests land is still measured with the help of Patwari maps.

Weak management, a lack of knowledge of forest boundaries, and scarce monitoring 
activities encourage the encroachers to intrude on forest land. Hasan, L. (2001) 
reported that due to half-hearted demarcation by the government officials, state 
forests are facing threats of illegal encroachment. Hasan, L. (2008) associates the 
deforestation issues to government failure. The ultimate increase in deforestation is 
also destroying the complex watershed system, ecological biodiversity, and environ-
ment (Bukhari 1997). Hence, the “Theory of Himalayan Environmental Degradation” 
(THED)2 is proven correct since the last few decades (Ali and Benjaminsen 2004; 
Hasan 2008). Hussain et al. (2012) found that the participation of the state forests in 
providing timber and fuel wood is just 14 % and 10 %, respectively.

A GIS, being a decision-making tool, provides an easy-to-understand ground 
picture of the forest condition and the intensity/level of the encroachment to the 
Lahore High Court. The study supported the Punjab Forest and Wildlife Departments 
to manage and protect natural resources of the area through enhancing the capacity 
of forest officials in forest management resourcefully. The study provides new 
research avenues for the upcoming researchers, scholars, and academia to take ben-
efit of the baseline data in their studies related to geology, hazard analysis, 
 environment and carbon-stock assessment, etc.

After reading this chapter, the reader will be able to understand the forest situa-
tions in Pakistan and the significant use of geospatial technologies to address the 
forest management issues. The forensic application of GIS, GPS, and RS in forestry 
is to provide evidence on ground realities about the encroachments and degradation/
deforestation in protected and reserved forest land. A step-by-step approach is used 
to explain the scenarios and methods adopted for this study.

2 The main tenet of this theory is that increased human population has resulted in increased 
demands for natural resources, leading to severe resource depletion, especially deforestation.

Table 13.1 Forests in Pakistan (FAO 2010)

Forest cover area Annual change rate in forest cover

FY1990 FY2000 FY2005 FY2010 1990–2000 2000–2005 2005–2010

(000 ha) (000 ha) (000 ha) (000 ha) 1,000 ha/yr %/yr 1,000 ha/yr %/yr 1,000 ha/yr %/yr

2,527 2,116 1,902 1,687 −41 −1.76 −43 −2.11 −43 −2.37
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13.1.1  Study Area

The study area is Murree Forest Division, a popular hill station, located along the 
Islamabad-Kohala highway, 30 km northeast of Islamabad. Geographically centered 
at 73°23′42.21″ east and 33°52′26.34″ north, MFD is situated in two ecological zones, 
i.e., “Moist Temperate Coniferous Forests” (Blue pine or Kail zone) and the “Chir 
Pine Subtropical Forests” (Chir zone), covering a small area of the outer Himalayas 
(Fig. 13.1) (Roberts 1992). Its altitude ranges from 1,700 to 7,800 ft (520–2,380 m). 
MFD lies in the outer Himalayas of the sub-tropical continental highlands. Forests 
in MFD play an important role in sub-watershed of the Indus-Jhelum River systems. 
It is believed that any damage to the Western Himalayan Eco-region will have 
negative impacts on the Indus River systems (WWF-Pakistan 2011).

MFD is subdivided into six administrative units, i.e., four subdivisions (Sehr 
Bagla, Lower Topa, Ghora Gali, and Sambli) and two ranges (Municipal and 
Ban). MFD comprises of approximately 19,136 ha (47,285 acres) of State Forest 
land which is almost 44 % of the total area of Murree Tehsil. Management in 
MFD deals with two major land tenures under the state-owned forest category, 
i.e., reserved forest and protected forest (Ahmed and Mahmood 1998). Another 

Fig. 13.1 Study area Murree Forest Division – a bird’s eye view from SPOT 5 Satellite Sensor
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class of forest that is managed by Guzara Division under privately owned tenure 
is Guzara Forests (Shamilat Deh). MFD contains 22 protected forests and 23 
reserved forests.

13.1.2  Background

Abbasi (2010) highlighted the issue of forest land encroachment in Murree. He 
reported that land worth more than ten billion rupees has been encroached upon. 
He added that a total land area of 15,000 kanals3 has been detected after demarcation 
of half of the forest land by officials of Punjab Forest Department. The issue was 
highlighted in media and political pressure increased on demarcation activities. He 
further stated that the encroachment stress is high in Municipal Forest.

The Lahore High Court took suo moto action against heavy encroachment in 
MFD on January 27, 2010, which was converted to a Writ Petition no. 1813–2010 
by Chief Justice Khwaja Muhammad Sharif (Lahore High Court) on the very next 
day. Subsequently, WWF – Pakistan became involved in this suo moto case on the 
principle of forest conservation. WWF – Pakistan offered its services for a detailed 
study, covering analysis of the forest conversion, retrieval, and a GIS-based mapping 
to support the prioritization and forest rehabilitation process. This study was jointly 
funded by the Punjab Government and WWF – Pakistan.

The Murree Forest Division was facing high encroachment pressures due to 
ambiguous and un-demarcated forest boundary; furthermore, there were no updated 
forest records. This lack of management opened the gates for local communities to 
reach protected and reserved forests. This resulted in the conversion of forest land 
into agriculture land and housing schemes (Hasan, Research Report No. 182, 2001). 
Interdepartmental conflicts are also a backend driving force for the encroachers and 
land mafia.

Gill (2013) reported that 2,862 acres (1,158 ha), which is about 6 % of the total 
reserved and protected forest land, has been detected under illegal encroachments. 
A total of 140 First Information Reports (FIRs) have been registered in the police 
station, Murree, in the last 3 years of demarcation process.

One of the largest renowned daily newspapers of Pakistan, The Dawn reported 
(2010) that the Town Municipal Administration had declared 17 housing societies 
illegal with a warning for investors. An Environmental Impact Assessment (EIA) is 
a legal requirement as per EIA Rules 2000 under the Pakistan Environmental 
Protection Act 1997. An Initial Environmental Evaluation is required for any housing 
colony; however, if it is close to a reserve forest, then an EIA is a legal requirement. 
The Environment Protection Agency (EPA) reviews the EIA and, after a public 
hearing, provides a No Objection Certificate (NOC). These illegal housing societies 
have not gone through such an EIA process.

3 1 kanal = 20 marlas = 5,445 sq. ft. = 505.86 Sq. m; 1 acre = 8 kanals.

I. Ashraf et al.



269

13.2  Concepts

This section will help the reader to understand basic concepts of forest land 
management in Pakistan; moreover, it will help to develop the technical grounds for 
the reader to understand the theme of delineation process involved.

13.2.1  Forest Land Tenure in Pakistan

Ahmed and Mahmood (1998) stated that forests in Pakistan can be classified into 
two tenure types (on the basis of their legal rights), i.e., state owned and privately 
owned. This legal status also defines the implementation of forest policy on that 
land. They further stated that the ratios of state-owned and privately owned forests 
are 66 % and 34 %, respectively. This means that in spite of regionalized forest 
administration, major areas of forest in Pakistan are still under state control (Hasan 
2008; Ahmed and Mahmood 1998). State-owned forest further can be classified into 
four subclasses (Ahmed and Mahmood 1998): (1) reserved forests, (2) protected 
forests, (3) un-classed forests, and (4) resumed lands.

Apart from these, municipal and cantonment forests also have state-owned forest 
land status. This study will mainly focus on the state-owned reserved and protected 
forest lands in the study area.

The Forest Act 1927 defines reserved forest as “Land designated after settling 
their ownership and usage rights under Sections 4–26 of The Forest Act 1927. 
These forests are usually free from rights and concessions and all acts are prohib-
ited unless permitted specifically by the Government through notifications in legal 
terms” and protected forest as “Land designated after settling their ownership and 
usage rights under Section 29–34 of The Forest Act 1927. These differ from 
Reserved Forests in two ways. Firstly, they have not passed through the lengthy 
process of admittance or extinction of local peoples’ rights or concessions. 
Secondly, in contrast to Reserved Forests, all acts are permitted in Protected 
Forests unless prohibited by a notification of the Government; the title ‘Protected 
Forests’ may therefore be somewhat of a misnomer in practice” (GOP 2002; 
Ahmed and Mahmood 1998). Murree forests have a longer history under govern-
ment control and were left temporarily untouched until the annexation of the 
Punjab (Hasan 2008).

There are four subclasses of the privately owned forests in Pakistan (Ahmed and 
Mahmood 1998): (1) Guzara Forests (Communal Forests), (2) Chos Act Areas, 
(3) Section 38 Areas, and (4) Farm Forest Areas. Ahmed and Mahmood (1998) 
defined Guzara Forest “subsistence” as “Forests since the time of first settlement 
of land ownership in 1872, and consists sizable patches of wooded lands close to 
habitations were set aside to meet the bona fide domestic needs of the local 
communities.” Their ownership is vested in local people, either as individual property, 
or as joint property known as “Village Shamilat/Malkiat Lands.”
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13.2.2  Forest Land Map Records in Pakistan

Forest departments in Pakistan have inadequate technology and expertise to counter 
the forest management challenges (Hasan 2008). It is difficult to find updated forest 
maps in Pakistan. Few of the forest units have well managed forest records, but most 
of them contain outdated forest records and maps due to decentralization and poor 
management. The ultimate approach to assess forest land is to use the maps of the 
Revenue Department. Sometimes the forest boundary has to be referred from 
small- scale Survey of Pakistan (SoP)4 maps, which have low spatial accuracy. This 
increases the discrepancies in boundary-related issues on ground.

13.2.3  Revenue Map Structure

Pakistan is still using hand-drafted paper-based cadastre maps for revenue assessment. 
Recently the government of Pakistan took initiative to make land record available in 
digitized form (Khan 2012). There are two forms of revenue maps in use (Patwari 
maps) in Pakistan which are described below:

13.2.3.1  Mussavi

Mussavi is a “quantifiable paper map.” The measuring unit of mussavi is karam5 
These basically are surveyed paper maps at different scales depending upon village 
area, normally at a scale of 1 in.:40 karams. This scale may vary from area to 
area depending upon village size. Figure 13.2 (left) gives a glimpse of a mussavi 
Map from Murree Tehsil. A general index used to mosaic all the mussavi maps is 
given in Fig. 13.2.

13.2.3.2  Shajra Parcha/Aks Shajra (Latha)

This is a mosaic reflection of all mussavi maps of a village on a cotton cloth called 
shajra parcha/aks shajra (latha). It is a map of smaller scale than the mussavi and 
covers a larger area.

It can be concluded that land records are authentic and highly informative. The 
tenure system for forest lands is also well established. However, due attention is 
required to change the practice of an obsolete mechanism of storage and updating 
of land records in relevant departments.

4 SoP is a national surveying and mapping organization of the country. It is primarily responsible 
for all sorts of topographical land surveys of the entire country.
5 1 karam = 5.5 ft; 3 × 3 karams = 1 marla = 272.25 sq. ft.
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13.3  Methods

The study had five general steps: a planning phase, data acquisition and management, 
data processing, results, and implementation. The planning phase involved the 
generation of all guidelines to carry out the activities in a smooth and steady 
manner. Available resources were enlisted and field activities were planned 
accordingly. The requirements of satellite images and vector data were identified. 
Timelines were also defined to get the results in time.

13.3.1  Tools Used

For precision surveying, Differential GPS (Leica SR20 Surveying Solution), handheld 
GPS receivers (Garmin GPSMap 76 CSx), and total station (Sokia Total Solution) 
were used. A variety of commercial geospatial software and tools including ArcGIS 
Desktop 9.x, ERDAS Imagine 9.x, Garmin Map Source 6.x (GPS data processing), 
Leica Geo Office 7, Geo Calculator, and AutoCAD Map 2000I were used to process 
the data depending upon the nature of the task.

13.3.2  Pre-survey Data Preparation

The baseline maps for detailed field survey were developed by using several reliable 
data sources. These included latest topographic maps of the Survey of Pakistan 
(scale 1:50,000) and historic maps of the Survey of India (SoI) of high scale 
(1:15,840). Both topographic datasets were geo-referenced by using rubber- sheeting 

Fig. 13.2 (Left) One of mussavi maps (scale 30 karam equals to 1 in.). (Right) General index to 
mussavi map – How to mosaic to latha/lathas
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technique. Various toponyms including settlements, roads, forest boundaries, and 
water channels from these topographic maps were extracted in vector format. A 
total of 2,149 pillar marks (monuments) covering the entire State Forest in MFD 
were extracted from SoI maps. These extracted boundary marks helped in the esti-
mation of forest boundary lines. On the basis of these draft boundaries, large-scale 
(i.e., 1:10,000) maps were produced for reference in boundary delineation survey 
(Figs. 13.3 and 13.4).

Furthermore, for boundary delineation and mapping, high spatial resolution 
(46 cm) ortho-rectified images of GeoEye-1 (acquisition date October 15, 2009, and 
June 4, 2010) were procured. “High-resolution merge” with multiplicative and 
bilinear interpolation techniques was used to merge multispectral and panchromatic 
bands. This improved the visual interpretability of the dataset. Moreover, images 
from Google Earth were also acquired and geo-rectified for temporal change 
detection.

Fig. 13.3 Pre-workflow before boundary delineation survey
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13.3.3  Delineating State Forest Boundary Lines

13.3.3.1  Preliminary Assessment of the Problems in the Area

A preliminary assessment of the study area identified major encroachers through 
a couple of field surveys, pictorial records, multi-temporal images from Google 
Earth, and consultative meetings with MFD field staff. Maps of temporal changes 
highlighted the forest destruction in time domain (2002–2012) due to the develop-
ment and expansion of housing societies inside and along the State Forest land. 
Figure 13.5 shows the forest degradation in and along Kathar reserved forest.

Fig. 13.4 A tile from the map series used for field survey

Fig. 13.5 Temporal images (2002, 2006, and 2012) of Bahria Town – Kathar RF (Google Earth)
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Major societies and their respective encroachment areas were tabulated and 
small-scale maps were compiled to identify encroachment pressure areas. On the 
basis of the preliminary assessment, a 240 km-long stretch of RF/PF boundary 
line was selected as priority for delineation as shown in Fig. 13.6. Updates 
regarding the encroachments were submitted to the Lahore High Court on every 
court hearing of the case.

13.3.4  Formulation of Study Monitoring Committee  
(SMC) and Survey Team

To monitor the survey and mapping activities on a regular basis (quarterly), a committee 
comprising of representatives from the following departments was formulated: 
(1) Survey of Pakistan, (2) Punjab Forest Department, (3) Revenue Department, and 
(4) WWF – Pakistan.

The involvement of Survey of Pakistan (legal authority for mapping and surveying 
in the country) fulfilled legal requirements in the delineation survey. More than two 
hundred officials, technicians, and field staff were engaged in the field surveys from 
the mentioned four departments.

Fig. 13.6 Priority areas for the boundary delineation in MFD
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13.3.5  Boundary Delineation Survey

Officials from the Punjab Revenue Department (authority for land administration in 
the country) and Punjab Forest Department identified/demarcated the state forest 
boundary pillars using maps (latha maps, mussavi maps, SoI topo maps, and forest 
history file maps). Two types of survey data (GPS receiver and total station survey) 
were collected for identified pillar marks using cyclic mechanism in parallel as 
shown in Fig. 13.7. The project team decided to develop a set of geodetic network 
controls and at least two forest bench marks (especially to serve forest boundary 
lines in MFD) as a baseline to total station survey using a technique called fast 
(rapid) static DGPS surveying with post-processing solution. It was made sure that 
Positional Dilution of Precision (PDOP) is not more than two meter for base station 
of DGPS setup (Poole 2012). Positional accuracy criterions were defined and pro-
jections were standardized. According to the national mapping standards, SoP 
officials observe boundary coordinates in planner coordinate system (“Lambert 
Conformal Conic” projection with “Everest Definition 1962” datum/spheroid) 
(Mugnier 2009). Total station survey was completed maintaining a centimeter level 
accuracy on the basis of DGPS baseline. More than 4,300 GPS and 2,400 total station 
coordinates/points were collected covering the whole study area. These coordinates 
were processed and transformed to standard projection (geographic coordinate system 
with WGS 1984 datum/spheroid). Necessary attributes were also associated.

The team developed a consensus to resolve the state and community land 
conflicts wherever it was possible (Fig. 13.8). The ambiguities like missing 
sehaddas6 were also resolved using mussavi maps of adjacent villages. The remain-
ing areas (about 1 %) were left under ambiguity status due to security issues and 
missing revenue records. Meanwhile a number of sessions on basic level GIS and 
GPS training were also arranged for forest officials for capacity building.

13.3.6  Forest Boundary Line Delineation and Finalization

Processed survey coordinates were connected to form forest boundary lines using 
topological vector data editing techniques. Hand draft sketches from the field helped 
to connect the coordinates accurately. Figure 13.9 shows the delineated forest 
boundary lines.

To eliminate human errors and other possible misconnections in pillar marks/
boundary lines, the delineated boundary was subjected to a number of screen overlay 
tests to finalize. The very first overlay test was to verify delineated boundary line 
against the Patwari maps (latha/mussavi maps). The lengths between two adjacent 

6 Sehadda (village tri-junction) is a revenue stone placed at the junction point of three adjacent 
village boundaries. Normally a village map (latha) is marked with the help of three sehaddas.
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Fig. 13.7 Flow diagram of boundary delineation process
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pillar marks were compared with the lengths mentioned on mussavi maps (Fig. 13.10). 
In a similar way, if a line qualified overlay with the mussavi map, then it was 
subjected to overlay with historic topographic maps of SoI and SoP topographic 
maps and finally to high-resolution ortho-rectified GeoEye-1 satellite imagery. If a 
line failed to comply any of the above overlays, then the area was subjected to 
another survey to acquire accurate coordinates of possible pillar marks. Ground 
knowledge was an important input to these tests. The lines were finalized on the 
basis of ground knowledge of MFD officials as well after a consensus between SoP, 
Punjab Revenue, and Punjab Forest department officials (Fig. 13.11). In some 
inaccessible areas, physical features like the Jhelum River in the north-eastern edge 
of the study area provided support as reference for boundary lines. The state forest 
land was then polygonized using the finalized boundary lines. Finally, these polygons 
were given attributes using existing tabular records such as forest name, forest 

Fig. 13.8 (Left) Revenue map discussion and TS observation of the pillar. (Right) GPS coordinate 
of the pillar is being recorded (Source: WWF – Pakistan)

Fig. 13.9 Map showing the delineated forest lines
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Fig. 13.11 (Left) Discussion on boundary using latha map. (Right) Boundary finalization on 
computer machine incorporating comments from officials of SMC (Source: WWF – Pakistan)

Fig. 13.10 Map showing the overlay of delineated lines on mussavi map

numbers/compartments, forest administrative block, subdivision information, area, 
and forest type. The status attribute, i.e., constructed, degraded or old, of the pillar 
marks was also associated to each pillar coordinate.

13.3.7  Identification of Encroachments

The team also identified encroachment areas in the MFD by using overlay of 
finalized boundary with satellite images of GeoEye-1. These lab-identified areas 
(constructed area, forest clearing, and agriculture fields) were also confirmed on 
ground. Figure 13.12 illustrates the identified encroachments in MFD.
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13.4  Results and Discussions

The joint team conducted field surveys delineating a total forest boundary length of 
625 km from October 2011 to November 2012, and approximately 4,390 GPS/total 
station survey points were observed. So far, the Punjab Forest Department has 
erected 1,928 pillars over a 4-year demarcation period from August 2008 to 
November 2012. By January 2013, 140 FIRs have been registered in the police 
stations of Murree Tehsil. The Punjab Forest Department has so far retrieved 
518 ha (1,279.21 acres) of encroached area out of a total of 1,158 ha (2,862 acres) 
identified. The delineation process identified 2,325 number of encroachers in and 
along the forest boundaries currently occupying 641 ha (1,584 acres) of State 
Forest land in MFD. Historic records of forest maps showed the marks of 2,149 
boundary pillars, whereas only 23 pillars were verified on ground during survey, 
while the remaining pillars had possibly been deteriorated or removed. Table 13.2 
gives the statistical information of forest subdivisions in MFD in detail after 
delineation.

About 99 % of the forest boundaries in MFD were delineated. Total station was 
used for priority areas (as referred in Fig. 13.6) and single frequency GPS receiver 
was used for the rest. Both of the data were corrected using DGPS baseline. To 
estimate the accuracy in areas with reference to revenue records, lines of three internal 

Fig. 13.12 Identified encroachments in MFD highlighted with solid red color
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chacks7 were taken as example. Table 13.3 gives the area calculations of different 
internal chacks in comparison with the total forest area delineated after the surveys. 
Values indicate that all of the techniques have some inherent errors due to certain 
factors. For example, the obstacle in the way of reflector may be one reason for 
observing a location in offset against the original location. Foliage cover may be 
causing multipath effect for GPS and DGPS measurements (SESD 2011). Anyhow, 
correction of the lines was done in the GIS laboratory after overlaying the Mussavi 
Maps and mutual discussions. Overall an accuracy of greater than 99 % in the 
delineated areas of state forests was acquired after delineation process as evident 
from the areas of internal chacks.

The reason for the difference between areas of entire MFD (about 975 ha or 
2,410 acres) is the area of unmeasured internal chacks. Gill (2013) quotes a figure 
of about 100 plus internal chacks within MFD which are pending for demarcation.

7 Reserved and protected forests in MFD occupy many small enclosed localities usually called 
internal chacks whose rights were declared under the ownership of local villagers at the time of 
settlement.

Table 13.2 Encroachment and other stats of forest subdivisions/ranges in MFD

Forest subdivision/
range Area (ha)

Boundary 
marks/pillars

Number of 
encroachers

Area under 
encroachment 
(ha) FIRs

Retrieved 
land area 
(ha)

Ghora Gali 4,606.61 939 329 200.56 56 171.02
Sambli 5,369.98 786 99 183.62 43 225.92
Lower Topa 2,439.12 620 453 48.09 27 61.75
Sehr Bagla 3,182.12 666 207 21.92 2 11.52
Municipal range 2,160.99 1,054 1,027 146.52 12 43.17
Ban range 2,368.53 414 210 40.22 0 4.30
Total 20,127 4,479 2,325 641 140 518

Table 13.3 Comparison of areas

Locality/forest

Revenue 
record 
area

DGPS 
survey 
area

GPS 
survey-1 
area

GPS 
survey-2 
area

Total 
station 
survey 
area

Delineated 
area Accuracy

Kanals Kanals Kanals Kanals Kanals Kanals (%)

Abbasi colony 72.5 73.92 71.4 71 73.95 72.48 99.97
Ahata Noor 

Khan
803 – 810 801.5 808 99.37

Hildholo 456 – 526 603 – 455.4 99.87
Area (ha)

Entire MFD 
(RF/PF)

19,135 – – – – 20,110 >94.9

1 kanal = 20 marlas = 5,445 sq. ft. = 505.86 sq. m
1 acre = 8 kanals
1 ha = 2.471 acre

I. Ashraf et al.



281

Two forest bench marks (one in Ghora Gali forest at an elevation of 6,400 ft and 
the other at the Patriata Forest Rest House at 7,800 ft elevation) were established 
using Leica SR20 Post-Processing Differential Solution (the manufacturers of the 
SR20 unit claims an accuracy with root mean square distance of 40 cm in measuring 
the position of any location in ideal conditions (Leica 2012)). Positioning precision 
and accuracy are highly affected by foliage in forests as compared to open area 
(Rodríguez-Pérez et al. 2006). Data acquisition of geodetic network controls was 
completed with minimal errors.

Considering DGPS Base for forest bench mark (FBM) processing, the receiver 
acquired its location in 14 sessions, and each session lasts for a few minutes to sev-
eral hours. A spatial distribution of just three percent of the total data acquired for 
base is shown in Fig. 13.13 above along with the mean FBM.

For the geodetic network design, fast (rapid) static GPS technique was used 
which has an accuracy of about first order. For a maximum baseline length of 
30 km, the limit of error in position may be calculated as follows (Mumma 
2005):

 Accuracy standard for first order GPSSurvey m= +0 035 1 100 000. : ,  

Fig. 13.13 Position calculated from epoch of interval 30 s from DGPS base
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Hence, a network of DGPS base and rover has an uncertainty of ±30 to ±50 cm with 
all the ambiguities included in the boundaries delineated using total station solution.

To accomplish the study aim of providing the court a document of evidence 
against encroachments, a map atlas containing the forest boundary, pillar marks, 
and encroachment information was designed and developed. Officials from the four 
departments (Punjab Forest Department, Punjab Revenue Department, Survey of 
Pakistan, and WWF – Pakistan) endorsed this document by signing each of more 
than 150 maps. The scale of these maps was high (1:10,000) to clearly depict the 
encroached and built-up land overlaid on fine resolution (0.46 m) GeoEye-1 
satellite image. Figure 13.14 shows a sample map from the atlas for the reader’s 
reference. To understand and interpret the maps in the atlas, the working bench of 
the Lahore High Court on the case was given a briefing on the basics and applications 
of GIS in forensic sciences. Recently the atlas is shared with the court and the decision 
on this case is expected soon. The team and stakeholders are hopeful and looking 
forward to the retrieval of encroached State Forest land.

Fig. 13.14 Sample map from the atlas of legal boundaries of Murree
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The atlas is also shared with the four lined departments/stakeholders. Currently, 
the management of MFD is working to safeguard and for possible retrieval of the 
forest land using this atlas. Furthermore, a scanned copy of the signed atlas is also 
published online (see WWF – Pakistan website) for general public.

13.5  Conclusions and Recommendations

The present work on Murree State Forests is the first study of its kind in Pakistan. 
In this study, GIS is used as an effective tool for replacing the conventional methods 
of forest land record keeping; hence, it will lead to a better management of the natu-
ral resources of the area. A big hurdle in the demarcation/delineation process was 
misleading land records that were unintentionally or perhaps deliberately tem-
pered or made unavailable. Hence, the study resulted from no/scattered data to 
detailed baseline information in a single atlas, which has legal implications too. 
Literature revealed that previously no such extensive spatial data records were 
built for any other forest in Pakistan. The same exercise should be carried out at 
provincial as well as national levels.

The boundary pillar data collection activity was carried out at large scale (with 
the involvement of more than 200 officials/technicians/field staff of the four depart-
ments). Without systematic storage and management, it was impossible to complete 
this process in time. It took a total duration of about 6 months to complete the 
boundary delineation survey. However, this study highlights that there is still a need 
to erect 2,462 boundary pillars at their delineated locations. The boundary lines 
delineated on the pillar marks will ultimately help in forest monitoring to highlight 
and discourage further encroachments. Earlier, in each court case regarding forest 
land encroachment in MFD, multiple maps with contradicting information by 
officials (from the forest and revenue departments) were provided to the Lahore 
High Court and the Pakistan Supreme Court. This was delaying or misleading in 
court decisions. These duly signed maps of the atlas have resolved this issue by 
providing single concrete forest boundary extents.

After the submission of initial alarming temporal maps, the Lahore High Court 
banned single tree cutting in MFD (court order dated April 08, 2010). The 
encroachment issue was well highlighted in the print and electronic media of 
Pakistan. Moreover, during the boundary delineation activities, the awareness 
among communities and stakeholders for the environmental laws and protection 
status of the forests was enhanced. A clear reduction in encroachment pressures is 
one of the positive outcomes. Developed FBMs were very helpful for the study 
and would be highly useful for a geographic reference in future activities. It is 
recommended that monitoring and maintenance of these boundary references 
should be carried out on regular basis.

The development of encroached societies is illegal as per “The Forest Act 1927.” 
According to Section 4-A and 4-B of “West Pakistan Forest Rules under the Acts,” 
no one in any state can partition or clear jointly on State Forest lands without the 
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sanction of the provincial government. Hence, the land occupied by illegal societies 
in RF/PF and Guzara Forest should be recovered immediately and must be rehabilitated 
to the original state.

All forest field staff should be trained in using geospatial technology to make 
them resourceful for better forest management. A basic level GPS training is strongly 
recommended for the management staff. It will help them to translate forest boundar-
ies on the ground with the help of GPS and maps. The study furthermore suggests 
that the Provincial Forest Departments in Pakistan should be equipped with the latest 
technologies, more specifically well-established GIS laboratories with dedicated and 
well-trained human resources. On policy level, it is suggested to have a national level 
neutral institution, namely, “Forest Survey of Pakistan,” that keeps records and moni-
tors the state forests on a regular basis just like the Forest Survey of India.
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                       Annotated Bibliography of Selected Court  
Cases Involving Geospatial  Technologies  

 Provided below are selected court  cases in which the use of geospatial  technologies  
was either in dispute or provided evidence  to resolve a dispute. The technologies are 
grouped into three categories: GPS , remote sensing,  and GIS . Within each category, 
cases are sorted chronologically from the earliest case to the most recent. There 
is a mixture of supreme court cases, district court case, and appeals court    cases, and 
many different US states are represented. Although there are certainly many other 
court cases and geospatial technologies that could be provided, it is hoped that 
this list will provide a starting point for most readers interested in discovering the 
diverse ways geospatial technologies have been represented in the US judicial 
system. 

    Global Positioning Systems  (GPS) Cases 

    Johnson v. State (1986) Fla. App., 492 So.2d 693  
  After police  obtained a warrant permitting a single GPS  tracking  device to be 

installed on an airplane, a second backup device was also installed as a precaution. 
The fi rst GPS device did fail and data from the second GPS device was introduced 
during trial. The Florida Appeals Court  determined the second GPS device 
constituted “an illegal entry beyond the scope of the warrant.”    

   State v. Campbell (1988) Or., 306 Or. 157, 759 P.2d 1040  
  The opinion of the court  was that the use of any tracking device without a warrant 

or in an emergency situation was a violation of the state constitution.    

   United States v. McIver (1999) 9th Cir., 186 F.3d 1119  
  McIver sought to exclude GPS  tracking  evidence  on the basis of being an illegal 

search and seizure under the Fourth Amendment . Police  attached a magnetized 
GPS to the undercarriage of the defendant’s truck while parked in his driveway. 
The court  rejected the contention since the defendant made no attempts to shield 

G.A. Elmes et al. (eds.), Forensic GIS: The Role of Geospatial Technologies 
for Investigating Crime and Providing Evidence, Geotechnologies and the Environment 11,
DOI 10.1007/978-94-017-8757-4, © Springer Science+Business Media Dordrecht 2014
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the undercarriage of his vehicle from police and since the device did not interfere 
with the operation of the vehicle. The court determines that subsequent monitoring 
was not a search.    

   State v. Jackson (2002) Wash. Ct. App., 46 P. 3d 257, 261  
  Appeals court  decided GPS  tracking  did not violate Fourth Amendment  rights or 
state constitutional  provisions. Instead, GPS was viewed as an augmentation of 
visual tracking. The defendant’s use of public road revealed information the 
police  would have been able to document without any such tracking devices .    

   Whitehead v. State (2002) Ga. App., 258, 271, 574 S.E.2d 351  
  With consent, police  attached GPS  device to the vehicle of an informant. The informant 

was guided to the home of a drug  dealer home by a friend. After purchasing 100 
pounds of marijuana , police tracked the vehicle and eventually stopped it to 
recover the drugs. Using the seizure, police arrested the drug dealer. The appeals 
court  affi rmed that there was probable cause to arrest the drug dealer.      

 State v. Clifton (2003) 158 N.C. App., 580 S.E.2d 40  
  Defendant used counterfeit checks to purchase a vehicle equipped with a GPS  

system. Police  located the vehicle through the manufactured GPS. The North 
Carolina Appeals Court  affi rmed the conviction of the defendant for obtaining 
property by false pretenses.    

   State v. Jackson (2003) Wash.,76 P.3d 217, 224  
  Court  ruled that a warrant was required prior to using a GPS  tracking  device. Unlike 

visible observation of binoculars, GPS did not merely augment visual tracking 
but instead provided a technological substitute that was capable of extensive 
intrusions into private affairs.    

   State v. Jackson (2003) Wash., 150 2d 251, 76 P.3d 217  
  Defendant reported his daughter missing. Police  obtained a search warrant and 

attached GPS  devices  to Jackson’s vehicles while impounded for the search. 
After returning the vehicles, police informed Jackson that if the missing girl was 
hastily buried, animals would dig her up and she would be found and recovered 
quickly. Data from the GPS revealed Jackson traveled to two separate remote 
locations. Police recovered the missing body at the second location. Both the 
district and appeals court  determined a warrant was not required under the 
Washington State constitution. The Washington Supreme Court  made the fi nal 
determination that GPS tracking  without a warrant was a violation of the state 
constitution. However, since police did have a warrant to install the GPS, the use 
of GPS data  as evidence  was permissible.    

   People v. Lacey (2004) N.Y., No. 2463 N/02, WL 1040676  
  First New York case seeking constitutional  protection against GPS  devices . The 

New York court  decided a warrant was required before law enforcement  could 
attach a GPS to a suspect’s vehicle and track movements. The court noted that a 
person is entitled to feel secure knowing their movement is not being tracked 
without a warrant based on probable cause.   
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   United States v. Bennett (2004) U.S. App. 9th Cir., 363 F.3d 947  
  A joint task force  targeting smuggling activity from Mexico into Southern California 

boarded Bennett’s boat and, after an extensive search, found over 1,550 pounds 
of marijuana. Defendant was convicted and appealed the admission of GPS  
testimony indicating Bennett had been in Mexico prior to his arrest. During trial, 
the custom offi cer  testifi ed about the GPS data  but did not produce the data. 
When asked, the offi cer stated he was not the custodian but had witnessed the 
data. The trial court  determined the government is not excused from the best 
evidence rule’s preference for the original data and therefore contended that the 
GPS-based testimony was inadmissible under the best evidence  rule.     

  United States v. Berry (2004) D. Md., 300 F.Supp.2d 366  
  Police  obtained a warrant to place a GPS  device on the vehicle of Berry who was 

suspected of traffi cking heroin. The court  regarded GPS tracking  as an extension 
of visual tracking and supported the probable cause to obtain the warrant. 
Although GPS data  was recorded after the warrant expired, that data was not 
introduced at trial.    

  Brown v. Texas (2005) Tex. App., 163 S.W.3d 818  
  The defendant was a truck driver convicted of murder . At trial, GPS  records from his 

truck were presented as evidence  to prove he was at the location the victim  was 
found around the time the victim would have been strangled. Two witnesses  
testifi ed to the GPS records: an employee of the trucking company who stated 
the GPS records were business records, and a geographer. Defendant appealed the 
qualifi cation of the geographer as an expert witness . The appeals court affi rmed 
that the geographer, who used GPS on a daily basis, had a degree in geography, 
and demonstrated knowledge of how GPS worked and its reliability  was a quali-
fi ed expert witness.   

   Chism v. State (2005) Ind., 824 N.E.2d 334  
  As part of his sentence for conspiracy to deliver drugs , Chism was placed on home 

detention and ordered to wear a GPS  anklet. Chism argued the state code did not 
permit GPS monitoring. The appeals court   agreed that no authority existed for 
the trial court to assign GPS monitoring. A review by the Indiana Supreme Court  
affi rmed the original trial court’s order to wear a GPS anklet, citing the GPS 
device did not monitor movement but only broadcasted alerts if the defendant 
left his residence.    

  Elgin v. St. Louis Coca-Cola Bottling Co. (2005) U.S. Dist., Case No. 4:05CV970-DJS  
  Defendants installed GPS  trackers on company vehicles after vending machines 

experienced cash shortages with no sign of forced entry. Despite the installation 
of trackers on Caucasian employees, the plaintiff alleged the act was racially 
motivated. The investigation  by the defendant cleared the plaintiff of any wrong-
doing and he received no adverse employment action. The court  opined that the 
installation of tracking devices  on their own vehicles did not intrude upon the 
employee’s expectation of privacy .   

 Annotated Bibliography of Selected Court  Cases Involving Geospatial  Technologies



290

   People v. Gant (2005) N.Y. Co. Ct. [Westchester County] WL 1767655 NY Slip Op 
25307; 9 Misc. 3d 611; 802 N.Y.S.2d 839  

  Grant was indicted for criminal possession of narcotics. Defendant motioned to 
suppress all GPS  evidence . The court  ruled that no warrant was required to place 
a GPS device on a vehicle when investigating a crime , the defendant had no 
expectation to privacy  on public roads, the defendant was unable to demonstrate 
he owned the vehicle with the attached GPS, and the defendant was not entitled 
to suppression of evidence obtained from the use of the GPS device.    

  State v. Jackson (2005) Tenn. Crim. App., No. M2004-00562-CCA-R3-CD  
  Defendant was convicted of possession of cocaine within 1,000 ft of a school. On 

appeal, the testimony of the surveyor who measured the distance from the school 
to the offense location with a GPS  was determined to have a scientifi c founda-
tion. The expert witness  had been a professional surveyor for 16 years, passed 
several tests, and used GPS devices  for 7 years. The witness  explained the GPS 
was accurate to 1½ in. The appeals court  affi rmed the trial court did not abuse its 
discretion in allowing the testimony of this witness to prove the offense occurred 
within 1,000 ft of a school.    

  Turner v. Am. Car Rental (2005) 92 Conn. App.  
  The plaintiff rented a car from the defendant. The car was equipped with a GPS  

device to track the position and speed of the vehicle. According to the contract, 
the defendant would impose a penalty for speeding. The plaintiff alleged the 
defendant never stated the penalty would be drawn directly from his bank account 
and he furthermore alleged the GPS unit in the car violated his privacy . The appeals 
court concluded the plaintiff failed to show that he had any expectation of privacy 
on a public highway. As for the fee, the original court sided with the plaintiff and 
determined the defendant was engaged in deceptive practices.     

  United States v. Moran (2005) N.Y. U.S. Dist., 349 F.Supp.2d  
  Moran protests a GPS  device attached to his vehicle by law enforcement  personnel 

without a warrant. The GPS device tracked Moran’s vehicle for 2 days. Law enforce-
ment personnel could have conducted a visual surveillance  of the vehicle as it 
traveled on the public highways. The district court  found that Moran had no 
expectation of privacy  in his vehicle on a public roadway. Thus, there was no search 
or seizure and no Fourth Amendment  implications in the use of the GPS device.    

  Medina v. State (2006) Fla. App., 920 So. 2d 136  
  The trial court  rejected on objection by the plaintiff’s counsel that GPS  tracking  

evidence  did not satisfy the Frye  standard . Florida Court of Appeal affi rmed the 
trial court decision on the grounds that GPS technology  was neither new nor 
novel and had long been accepted within the scientifi c community and was there-
fore not subject to a Frye hearing.   

   People v. Randolph (2006) Cal. App., Unpub. 4th Appellate District, Division 2  
  Defendant pleaded guilty to abuse of his spouse and was required to submit to 

continuous monitoring by a GPS  device. The defendant appealed, arguing the 
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GPS monitoring was invalid, unreasonable, and unconstitutional. The appeals 
court  rejected the defendant’s claims citing the GPS was necessary to help reform 
the defendant by discouraging him from concealing future criminality.      

 State v. Harte (2006) 395 N.J. Super. 162, 928 A.2d 157  
  Defendant was convicted of eluding police  after a high-speed pursuit. The state 

introduced audio and video evidence . The audio evidence was a recording of the 
pursuing offi cer  in which pursuit speed was announced. The video of the chase 
also included the offi cer’s GPS  unit displaying the speed of the pursuing offi cer’s 
vehicle. Although this case was an appeal on the authenticity  of the audio and 
video recordings, the pursuit speeds indicated by the offi cer were verifi ed through 
the video capturing the GPS speeds.     

 Doe v. Schwarzenegger (2007) U.S. Dist., 476 F. Supp. 2d 1178  
  Defendants had been convicted of sexual offenses decades prior to the passage of 

Jessica’s Law in California which required sexual offenders  to wear GPS  moni-
toring devices for life. After the passage of the Sexual Predator Punishment and 
Control Act (SPPCA), defendants were notifi ed that they would be required to 
wearing a GPS anklet. After review of the SPPCA, the district court  determined 
the SPPCA could not be retroactively enforced and the requirement for the 
defendants to wear GPS anklets  was inapplicable.    

  Gerardi v. City of Bridgeport et al. (2007) Conn. Super. Ct., CV084023011S  
  The City of Bridgeport acquired vehicles equipped with GPS  devices  for use by city 

employees. Pending disciplinary hearings and termination resulting from GPS 
data  indicating the defendant was not properly performing his job, the plaintiff 
alleges he was not notifi ed of the GPS unit and therefore the city violated state 
statutes. The court  found the statutes claimed to be violated by the plaintiff did 
not apply to this case, and the court was therefore unable to grant the injunctions 
sought by the plaintiff.    

  John Doe et al. v. Walsh in her capacity as Chairperson et al. (2007) Mass. Super. 
Ct., Opinion No.: 99601  

  Four convicted sex offenders  on parole sought an injunction against the defendants 
requiring them to wear GPS  monitoring devices after a state law was passed 
requiring paroled offenders  to continuously wear GPS monitoring devices. 
The court  determined GPS monitoring devices meant to keep sex offenders 
out of exclusion zones was not a violation of individual liberties nor a violation 
of privacy  since data would only be transmitted if the offender entered an 
exclusion zone.    

  Morton v. Nassau County Police  Department  (2007) U.S. Dist., 05-CV- 4000 
(SJF) (AKY)  

  Suspected of being involved in a series of burglaries , police  attached a GPS  device to 
Morton’s vehicle while parked on a public street. Morton argued GPS was a viola-
tion of the Fourth Amendment . The district court  dismissed the plaintiff’s claim, 
declaring the use of a GPS device was not an unreasonable search or seizure.    
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  State v. Martin (2007) 182 Vt. 96, 377; 944 A.2d 867  
  Defendant was convicted of boating while intoxicated and causing death from an 

accident. The defendant appealed, stating the accident did not occur within 
Vermont’s boundaries and therefore Vermont did not have jurisdiction. The pros-
ecution presented GPS  recordings from the rescuers and their testimony. All GPS 
recordings placed the boat accident in Vermont. The appeals court  determined 
the testimony and GPS recordings established beyond a reasonable doubt that the 
boat accident did occur within Vermont’s boundaries.   

   United States v. Garcia (2007) U.S. App., 474 F.3d 994  
  The defendant appealed his conviction of crimes relating to the manufacture of 

methamphetamine. The only issue on appeal was whether evidence  obtained as 
a result of a GPS  tracking  device attached to the defendant’s car should have 
been suppressed as an unconstitutional search. The appeals court  affi rmed the 
district court  determination that the GPS tracking device did not constitute a 
seizure. The GPS device did not affect the car’s driving qualities, did not draw 
power from the car, did not take up space  that might have been occupied, did not 
alter the car’s appearance, and did not “seize” the car in any intelligible sense of 
the word.    

  Vitka v. City of Bridgeport et al. (2007) Conn. Super., CV0804022961S  
  The City of Bridgeport acquired vehicles equipped with GPS  devices  for use by city 

employees. Pending disciplinary hearings resulting from GPS data  indicating the 
defendant was not properly performing his job, the plaintiff alleges he was not 
notifi ed of the GPS unit and therefore the city violated state statutes. The court  
found the statutes claimed to be violated by the plaintiff did not apply to this case and 
the court was therefore unable to grant the injunctions sought by the plaintiff.    

  Stone v. Maryland (2008) 178 Md. App. 428, 941 A.2d 1238  
  Wanted in connection to several burglaries , a Maryland Trooper obtained Stone’s 

cell phone  number. After “pinging” the cell phone, the trooper located Stone’s 
vehicle and attached a GPS  tracking  device. Stone was arrested in his vehicle after 
being located by a GPS device. A subsequent search of the vehicle yielded 
additional drug  charges which Stone seeks to dismiss. The Maryland Appeals 
Court  ruled GPS tracking was not a violation of the Fourth Amendment  because 
Stone was traveling on a public road. The court further determined the cell phone 
“ping” was irrelevant to the case because Stone’s vehicle was in a motel parking 
lot in full public view. The “ping” only helped narrow down the search area.     

 United States v. Coleman (2008) U.S. Dist., Case No. 07–20357  
  DEA agents obtained a warrant to locate the defendants vehicle through the 

manufacturer installed OnStar GPS . Once the vehicle was located, local sheriff 
deputies arrested the defendant and found heroin during their search of his 
vehicle. The defendant contends that he had a reasonable expectation of privacy  
in utilizing the GPS and that the tracking of a third party’s factory-installed GPS 
receiver was constitutionally vague. The appeals court  concluded the original 
warrant was valid based on probable cause and that tracking with a warrant is not 
constitutionally vague.    
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   People v. Weaver (2009) N.Y., 909 N.E.2d 1195, 1199–1200  
  Police  tracked suspect’s vehicle for a 2-month period without a warrant. The court  

concluded the extended tracking constituted a search, requiring a warrant. Although 
the court admitted the defendant’s expectation to privacy  was diminished while 
on a public road, that expectation was not reduced to zero.    

  Foltz v. Commonwealth (2010) Va. Ct. App., 698 S.E.2d 281  
  Appeals court  determined the weeklong warrantless use of GPS  tracking  device 

placed on the bumper of Foltz vehicle to monitor the movement of Foltz was not 
an unconstitutional search or seizure. The police  could have obtained the same 
information by following the vehicle.     

 United States v. Marquez (2010) 8th Cir. 605 F.3d 604  
  The use of a GPS  device to track the movements of Marquez vehicle did not violate the 

Fourth Amendment . The defendant was suspected to be involved in the interstate trans-
port of drugs . The    court  ruled that the extended tracking of the defendant’s vehicle 
was not random or arbitrary, was noninvasive, and resulted from reasonable suspicion. 
Furthermore, the device was attached to the vehicle while parked in public.    

  United States v. Maynard (2010) D.C. Cir., Nos. 08-3030, 08-3034, WL 3063788  
  With an emphasis on privacy  expectations, the court  ruled that the warrantless use 

of a GPS  tracking  device was an unconstitutional search under the Fourth 
Amendment . It was concluded that the extended use of GPS provided more 
information than the police  would have possibly been able to obtain through 
observation of movements.     

 United States v. Pineda-Moreno (2010) 9th Cir., 591 F.3d 1212, 1217  
  Defendant observed purchasing a large quantity of fertilizer. Recognized as plant food 

used for the growth of marijuana , DEA agents placed a GPS  tracker on the defen-
dant’s vehicle. GPS devices  were placed on the vehicle in both public areas and the 
defendant’s driveway. Agents noticed there were no access controls (e.g., fence/gate) 
and no posting against trespassing. Agents eventually used the GPS records to locate 
a marijuana fi eld the defendant traveled to. The appeals court  affi rmed a person does 
not have an expectation of privacy  in their unsecured driveway. Furthermore, the 
GPS tracking  did not constitute a violation of the Fourth Amendment .    

  United States v. Cuevas-Perez (2011) U.S. App., 640 F.3d 272  
  Federal agents and the police  came to suspect the defendant of being involved in a 

drug  distribution operation. Without a warrant, a detective attached a GPS  track-
ing  unit to defendant’s vehicle while it was parked in a public area. While the 
defendant was on a trip, the police took up visual surveillance  and discontinued 
the use of the GPS device. The device had been in use for a total of approximately 
60 h. The appeals court  determined that suppression of the GPS evidence  was 
not warranted because the warrantless use of the GPS tracking device did not 
violate defendant’s Fourth Amendment  rights since (1) GPS tracking does 
not constitute a search, (2) the surveillance was not lengthy, and (3) real- time 
information is exactly the kind of information that drivers make available by 
traversing public roads.   
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   United States v. Jones (2012) 132 S. Ct., 945; 181 L. Ed. 2d 911  
  Federal Bureau of Investigation (FBI) agents obtained a warrant for the installation 

of a GPS  tracking  device to the undercarriage of a vehicle registered to Jones’s 
wife while parked in a public parking lot. Agents tracked the vehicles movement 
for 28 days despite a 10-day effectiveness period for the warrant. At the trial, 
GPS evidence  was presented and Jones was convicted. Jones appealed the evidence 
and the DC Appeals Court  overturned the conviction, fi nding the admission of 
evidence obtained by the warrantless use of a GPS device constituted a search 
and was a violation of the Fourth Amendment . The US Supreme Court  reviewed 
the case and affi rmed the opinion of the appeals court.     

 People v. Moorer (2013) NY Slip Op 23048, 39 Misc. 3d 603  
  Defendant accused of murder . Police  “pinged” his cell phone  to determine his location. 

Judges ruled the cell phone here was not surreptitiously attached to an unwitting 
individual. Moreover, public ignorance about cell phone technology can no longer 
be maintained in this day and age—cell phones are voluntarily carried by their users 
and may be turned on or off at will. By a person’s voluntary utilization, through GPS  
technology , of a cell phone, a person necessarily has no reasonable expectation of 
privacy  with respect to the phone’s location—vis-à-vis the pinging—even though 
he maintains what may be a reasonable expectation of privacy in the content of his 
phone conversations. Therefore, the pinging of defendant’s cell phone does not 
implicate or violate defendant’s rights under the New York State Constitution.    

  United States v. Baker (2013) U.S. App., 713 F.3d 558  
  During the course of an investigation  of armed robberies, police  placed a GPS  track-

ing  device on the car of the defendant’s girlfriend. The GPS data  allowed police to 
link the car to an armed robbery . The defendant was tracked, pulled over, and found 
to be in possession of a fi rearm. The defendant appealed the admission of the GPS 
evidence , stating it violated his Fourth Amendment  rights. Due to the fact the 
defendant did not raise the issue during the original trial, the appeals court  deter-
mined the defendant waived his rights to raise the issue during an appeal.    

  United States v. Miller (2013) U.S. App., No. 12–50238  
  Upon release of imprisonment, the defendant was required to submit to GPS  moni-

toring during a 3-year period of supervised release. The defendant appealed, 
asserting that the GPS monitoring constituted a greater deprivation of his liberty 
interest than was reasonably necessary. A review of the defendant’s background 
found that any impairments of the defendant’s privacy  were outweighed by the 
benefi ts of GPS monitoring; accordingly the appeals court  affi rmed the decision 
of the district court .     

    Remote Sensing  Cases 

    United States v. Reserve Mining Co. (1974) D.C. Cir., 380 F. Supp. 11  
  Satellite imagery presented to provide evidence  of violations of the Clean Water Act 

by Reserve Mining Co.   
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   United States v. Kilgus (1978) 9th Cir., 571 F.2d 508  
  Court  refused to admit thermal imagery evidence  due to offi cer ’s lack of training in 

interpreting the results and not being able to understand the underlying theories 
and principles.    

  Velsicol Chem. Corp. v. New Jersey D.E.P. (1982) N.J., 442 A.2d 1051  
  Although the court  allowed aerial photographs  to be presented during trial, an 

accompanying scientifi c report based on the interpretation of the photographs 
was excluding due to the lack of a witness  responsible for the report being 
present to testify about the methods and analysis discussed within the report. 
The court expected an expert witness  to authenticate and explain the remotely 
sensed data .   

   California v. Ciraolo (1986) 106 S. Ct., 476 U.S. 207  
  An airplane was used to fl y over the suspect’s property and take aerial photographs  

which conclusively showed the presence of marijuana . According to this supreme 
court  opinion, anything capable of being viewed from a public space  is not 
protected by privacy  laws in the United States. Therefore, aerial observations and 
photographs are legally permitted to monitor and document areas considered 
private property and present any evidence  during trial.   

   Dow Chem. Co. v. United States (1986) 106 S. Ct., 476 U.S. 227  
  Supreme court  ruled the use of commercial aerial photography  used to search private 

property did not constitute a search if the private property was observable with 
the naked eye and therefore the photography was admissible  as evidence .    

  United States v. Sanchez (1987) U.S. Court  of App. 9th Cir., 829 F.2d  
  Through the use of thermal imaging  (FLIR), a US Customs plane observed an unidenti-

fi ed airplane make a landing in the Arizona desert. The Customs pilot observed 
(through the FLIR) a pickup pull-up next to the plane and the departure of the plane. 
Agents on the ground arrested the occupants of the truck and found marijuana . The 
only evidence  linking McCall, the defendant, to the unidentifi ed airplane was the 
FLIR. The defendant objected to the admission of any evidence obtained through 
the use of the FLIR, arguing the government had not laid a suffi cient foundation for 
its admission (e.g., testimony of an expert witness ). The Customs pilot testifi ed 
FLIR could only identify generic objects, which satisfi ed both the trial court  and 
appeals court  since FLIR was accepted by the scientifi c community for the detection 
of generic objects. Furthermore, the pilot visually witnessed the events through the 
FLIR that he was operating and highly familiar with. The appeals court affi rmed the 
decision of the trial court, stating the pilot’s expertise was adequate to lay a proper 
foundation for admission of the FLIR evidence.    

  United States v. Ishmael (1995) Court  of Appeals 5th Cir., 48 F.3d 850  
  Acting on an informant tip, DEA agents used a thermal imaging  device to determine 

if the plaintiff might be operating an indoor marijuana  operation. The results sug-
gested he was and agents acquired a warrant to search the building. Defendants 
argue they had an expectation of privacy  and demonstrated secretive activities to 
ensure privacy. The only probable cause the DEA had was the results of the 
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thermal imager. The district court  suppressed all evidence  seized from the 
property and the results of the thermal imager. DEA appealed the district court  
decision. The appeals court ruled that the use of thermal imaging did not violate 
the Fourth Amendment  and subsequently found the DEA did have probable 
cause needed to obtain a search warrant.     

 West-Oviatt Lumber Co. v United States (1998) 40 Fed. Cl. 557, 566  
  US Forestry Service (USFS) introduced satellite  imagery ; however, they failed to 

ground-truth information derived from the imagery. The court  decided not to rely 
on the satellite imagery and subsequently reached a verdict against the USFS.    

  St. Martin v. Mobil Exploration (2000) 5th Cir., 224 F.3d 402, 407  
  Aerial photographs  introduced as evidence  against allegations of land degradation 

caused by Mobile Exploration. The aerial photographs and accompanying expert 
testimony  showed erosion was caused by defendant.   

   Nutra Sweet Co. v. X-L Engineering Co. (2000) 7th Cir., 227 F.3d 776  
  Nutra Sweet presented aerial photographs  as evidence  to confi rm a history of dumping 

of hazardous waste on X-L Engineering Land which in turn migrated through 
groundwater onto Nutra Sweet’s land.    

  Kyllo v. United States (2001) 121 S. Ct. 2038, 533 U.S. 27  
  The supreme court  ruled the use of a thermal imaging  device did require a warrant 

since the technology revealed details of the interior via technology that was not 
in the general public use.    

  United States v. McCall (2008) 5th Cir., No. 553 F.3d 821  
  After being convicted of distributing drugs  within 1,000 ft of a school, McCall 

appealed and argued the government failed to prove the offense was within 1,000 ft 
of a school. The appeals court  concurred. During trial, an aerial photograph  
was presented without any indication of scale and a detective testifi ed he had 
driven the distance and although he never measured it, he opined it was within 
1,000 ft. The appeals court  ruled the opinion of the detective was a lay opinion and 
not suffi cient for a jury to reasonable conclude the distance was less than 1,000 ft. 
Furthermore, without scale, the court stated the aerial photograph was useless.    

   United States v. Kattaria (2009) Court  of Appeals 8th Cir., 553 F.3d 1171  
  An informant notifi ed police  that Kattaria had an indoor marijuana  operation. 

Thermal imaging  was used to confi rm the allegations. Kattaria challenged the 
warrant; however, the appeals court  found the police had conducted additional 
investigations  to determine the reliability  of the informant. The investigation 
revealed that Kattaria had a previous conviction for marijuana traffi cking and 
also had an unusually high utility bill. Based on the combined information, the 
warrant was supported by probable cause.    

  Banks v. United States (2010) 94 Fed. Cl. 68  
  Plaintiffs motioned to excluded expert testimony  pertaining to the use of Lidar data, 

contending the technology is inaccurate and unreliable. The court  determined the 
plaintiff’s reliability  criticism was insuffi cient to support a motion to strike.    
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  Nicholas v. State (2010) Ark. App. 696, CA CR10-324  
  Nicholas was pulled over for speeding based on the results of a Lidar speed gun. 

Nicholas was subsequently arrested for driving while intoxicated and motioned 
to suppress evidence  based on the offi cer ’s alleged failure to calibrate the device. 
The offi cer initially testifi ed he was trained and certifi ed to operate the Lidar gun 
and calibrated it on a daily basis. T   he appeals court  found the offi cer was quali-
fi ed and dismissed Nicholas’ motion to suppress the Lidar evidence.     

  People v. Mann (2010) 397 Ill. App., 3d 767; 922 N.E.2d 533  
  Mann cited for speeding. Appealed trial court ’s decision to admit Lidar speed gun 

measurements based on the argument Lidar guns had not passed the Frye  test  for 
reliability . Citing numerous cases involving Lidar speed measurements, the 
appeals court  ruled Lidar was a generally accepted technology based on accepted 
scientifi c principles.    

  Commonwealth v. Danier (2011) 78 Mass. App. Ct. 1121, Unpub.  
  Defendant accused of speeding based on the results of a Lidar speed gun. Defendant 

admitted speeding but appealed the reliability  of the Lidar gun and claimed the 
trial judge never instructed her that she could cross-examine the offi cer  about 
reliability. Appeals court  found the Lidar gun results suffi ciently proved the 
defendant was speeding and concluded any doubts the defendant could appeal 
would only be speculative.    

  Pfender v. Secretary, Pa. Dep. of Corr. (2011) U.S. App., 443 Fed. Appx.749  
  A cell search of an inmate discovered an aerial photograph  of the prison site in the 

inmate’s possession. Pennsylvania Department of Corrections classifi es aerial 
photographs  of State Correctional Institutes as contraband that threatens security. 
Investigations revealed the photograph was supplied by the defendant and therefore 
visiting rights of the defendant were suspended for 2 years. The defendant offered 
alternative explanations that could explain how the inmate acquired the photographs; 
however, no substantive evidence  was submitted to support the alternative expla-
nations. The appeals court  affi rmed there was a rational basis for suspending 
visitation and the rights of the defendant were not violated.    

  State v. Branch (2011) 243 Ore. App., 309; 259 P.3d 103  
  Branch arrested for possession and delivery of cocaine within 1,000 ft of a school. 

Offi cers  utilized Lidar to determine the distance was within 1,000 ft. Branch 
appealed, citing the state had not established the scientifi c validity of Lidar. 
Appeals court  exercised judicial notice, citing the well-known use of Lidar qualifi es 
it as admissible .     

    Geographic Information  Systems  (GIS) Cases 

    United States v. Asarco Inc. (1998) 9th Cir., 214 F.3d  
  The US and Coeur d’Alene Indian Tribe fi led suit against Asarco mining for envi-

ronmental damages. The defendants sought access to the Coeur d’Alene Indian 
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Tribe’s GIS  database as a public document. The tribe argued the database 
was tribal property since they created and paid for it. Defendants argued the US 
government paid for it. The court  ruled the GIS database was a public adminis-
trative record, regardless of who created or funded it.    

  State v. White (2000) Mo. App., 28 S.W.3d 391; 2000 Mo. App.  
  Defendant was convicted of delivery of a controlled substance within 2,000 ft of a 

school. On appeal, the defendant argued the state failed to prove he knew he was 
within 2,000 ft of a school. According to Missouri law, the offender  must knowingly 
commit an offense within 2,000 ft of a school to receive an enhanced penalty. 
While a GIS  map was presented as evidence  during trial to prove the distance, 
the appeals court found it insuffi cient for proving the defendant knew he was 
near a school. The GIS map did not indicate topography or visibility around the 
school. The court reasoned a jury could not reasonably infer whether the school 
was a large visible complex or a single classroom in the basement of a residential 
building. Because the map and testimony were insuffi cient to establish that the 
defendant knew about the school, the court reversed the ruling against the defendant.    

  State v. Wright (2000) Conn. App., 752 A.2d 1147, 1156  
  Wright was convicted of drug  offenses. A computer-generated GIS  map was used to 

determine the offense occurred within a school zone. Wright appealed the trial 
courts  admission of the GIS map. The Appeals court determined the map was 
properly authenticated and admissible  since the GIS technician went to the site 
to verify the maps fairly and accurately represented the correct distance. 
Furthermore, formulas used to create the map were verifi ed correct by state and 
private engineering companies.  

    State v. Perry (2001) Tenn. Crim. App., 2000 WL 1246577  
  Defendant arrested for possession of cocaine and additionally charged with being 

within a school zone. GIS  was used to create a map with a 1,000 ft buffer zone  
around a school. The city GIS manager testifi ed about the GIS map and accuracy  
of the 1,000 ft buffer zones. Defendant was convicted and, on appeal, convictions 
and sentences were affi rmed.     

 Swaggert v. County of Hubbard (2003) Minn.Tax., File No. C8-02-619  
  After an increase in real estate property tax resulting from an increased valuation of 

property, the plaintiff challenged the county’s decision. GIS  was utilized to 
determine usable lakefront property which was incorporated into the methodology 
for determining property value. Although the court  did not find fault with 
the methodology, it did order the value of the property reduced and the recompu-
tation of property taxes.     

 Microdecisions, Inc. v. Skinner (2004) Fla. App., 889 So. 2d 871  
  Microdecisions requested a copy of county GIS  data, which they sell on their website. 

Skinner, the county property appraiser, requested Microdecisions enter into a 
licensing agreement before the data was delivered. The issue before the court  
was whether the county property appraiser could require prospective commercial 
users to enter into a licensing agreement for the resale of public records. Basing 
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their decision on Florida copyright laws, the appeals court decided that Skinner 
had no authority to assert copyright protection in the GIS maps  and could not 
require a licensing agreement.     

 Town of Greenwich v. Freedom of Information Commission (2005) 274 Conn. 179, 
874 A.2d 785  

  A citizen requested a copy of all GIS  data for the Town of Greenwich. The director 
denied the request, so the citizen fi led a complaint with the commission. The 
director claimed the data was exempt from disclosure under the Freedom of 
Information Act. The commission found the data was not exempt. The appellate 
court  agreed with the commission. The Connecticut Supreme Court  reviewed the 
case and affi rmed the appellate court decision. The GIS data could have been 
obtained in separate portions from various town departments. The GIS database 
was simply a convenient compilation of information already available to the 
public and therefore not exempt from disclosure. The director further argued 
the release of the GIS data presented a potential public safety concern. With the 
director unable to provide any specifi c statistical data correlating criminal activity  
or terrorist activity with the disclosure of GIS, the Connecticut Supreme Court 
determined the director was unable to demonstrate how disclosure of GIS data 
would compromise security.    

  Forest  Guardians v. United States Federal Emergency Management Agency (2005) 
U.S. App., 410 F.3d 1214  

  Forest  Guardians (FG) requested GIS  data pertaining to the National Flood Insurance 
Program (NFIP) from the Federal Emergency Management Agency (FEMA) in 
order to study development and the loss of fl ood plain areas. FEMA provided 
printed maps. FG made a second request in which FEMA denied in accordance 
with Freedom of Information Act exemptions. According to FEMA, the data 
would compromise the privacy  of individuals by revealing specifi c geographic 
point locations for NFIP-insured structures. The appeals court  agreed with 
FEMA, noting the nearly nonexistent public interest in the data was negligible 
since hard-copy maps were provided. The privacy interest of individuals was a 
concern. The GIS data would reveal names and addresses, ownership, fl ood 
risks, and the manner in which property was purchased. Providing such informa-
tion would constitute an invasion of personal privacy. Furthermore, disclosing 
the GIS data could subject individuals to unwanted contacts or solicitations by 
private insurance companies. The appeals court affi rmed the judgment of the 
district court  and denied FG request for the GIS data.    

  Liston v. Town of Pomfret (2006) Conn. Super., CV054001612  
  The plaintiff learned the adoption of a new electronic GIS  map changed zoning 

codes. The town advertised and conducted public hearings for the purpose of 
adopting the GIS maps  as the offi cial map. The plaintiff alleges the maps were 
actually a completely new zoning map and not a revised electronic map. The 
superior court  agreed with the plaintiff that the new GIS map effectively changed 
zoning classifi cations and was not a revision of the previous zoning maps used 
by the city.    
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  State v. Lindsey (2006) Tenn. Crim. App., 208 S.W.3d 432  
  The defendant was convicted of the sale cocaine within 1,000 ft of a school. The city 

GIS  manager presented aerial photographs  and testifi ed that the location of the 
offense was 480 ft from a school.    

  Dallas v. Texas (2008) Tex. App., No. 05-07-00037-CR  
  Dallas was convicted of possession with intent to deliver cocaine within 1,000 ft of a 

school. Dallas argued the evidence  was insuffi cient to prove he was within 1,000 ft 
of a school. A GIS  map    with aerial photographs , land surveys conducted by the 
city surveyor’s offi ce, and 1,000 ft buffers around schools was used to provide 
spatial context to the location of the offense. The location of the Dallas’s offense 
clearly fell within the 1,000 ft buffer zone . The GIS map maker testifi ed the map 
was accurate to within 3 ft. According to Texas state law, any map produced or 
reproduced by a municipal or county engineer for the purpose of showing the 
locations and boundaries of a drug -free zone is admissible  into evidence. Upon 
adoption of a resolution or ordinance approving the map as an offi cial fi nding and 
record, the map becomes prima facie evidence. The appeals court  concluded a 
fact-fi nder could rationally conclude beyond a reasonable doubt that the offense 
occurred with 1,000 ft of a school and therefore rejected the appeal.    

  Multi Ag Media v. United States Department of Agriculture (2008) 380 U.S. App. 
D.C. 1, 515 F.3d 1224  

  The US Department of Agriculture (USDA) denied a request by the plaintiff to pro-
vide the Farm Service Agency’s (FSA) GIS  database of farm data. The USDA 
contends the data would compromise the privacy  of the family-owned farms by 
disclosing information that could be used to assess the fi nancial situation of the 
family farms (e.g., crops and fi eld acreage). The plaintiff argued the GIS database 
was used to monitor program compliance and such information would allow the 
public to more easily determine if the USDA was catching cheaters and lawfully 
administering its program. The appeals court  sided with the plaintiff, noting the 
benefi ts of providing the data would outweigh personal privacy interests.    

  Seago and Real Estate Information Service, Inc. v. Horry County (2008) 378 S.C. 
414, 663 S.E.2d 38  

  The plaintiff requested GIS  data from the county under the Freedom of Information 
Act in order to resell the data on the Internet . The county obtained copyrights for 
the data to protect its investment and the integrity of the data. The county 
informed the plaintiff the GIS data could be obtained for a fee, but the plaintiff 
would have to sign a licensing agreement acknowledging the county’s copyright. 
The Supreme Court  of South Carolina determined the county could copyright the 
data; however, the fees violated South Carolina Codes. The issue of fees was 
remanded back to circuit court  for further proceedings.    

  County of Santa Clara et al. v. Superior Court  of Santa Clara County (2009) Cal. 
App., No. H031658  

  The county received a request for GIS  data under the public records acts. After a 
court  order to provide the GIS fi les, the county fi led this appeal. The county 
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requested an end-user license agreement and placed a fee of $250,000 on the GIS 
data request to cover costs. The county also asserted the GIS data was intellectual 
property and copyrightable. The appeals court affi rmed the superior court’s judg-
ment and ruled the California Public Records Act (CPRA) did not allow the 
county to request an end-user license agreement, nor was the data copyrightable 
as no such provision existed in the CPRA. The county could recover fees associ-
ated only with the direct cost of recovery. The appeals court remanded the case 
back to the superior court for determination of the recovery fees.    

  Sierra Club v. Superior Court  (2011) 195 Cal. App. 4th 1537, 125 Cal. Rptr. 3d 913  
  Encouraging local governments to develop and maintain computer mapping  systems , 

the California Legislature exempted computer mapping systems from public 
disclosure. This exemption meant local governments were not required to provide 
public records when requested for cost of duplication only. The local governments 
were allowed to recoup costs associated with building and maintaining computer 
mapping systems and implement a nondisclosure agreement. The Sierra Club 
was able to receive print out versions of GIS  maps  as public records subject to 
duplication costs only. However, the printed versions lacked analytical capabili-
ties sought by the Sierra Club and therefore they petitioned for writ of mandate 
compelling the county to provide the GIS database for a fee consisting of only 
the direct costs of duplication. The trial court  denied the petition; therefore, the 
appeals court was asked to decide the matter. At issue was the interpretation of 
the language used to defi ne “computer mapping systems.” Examining the intent 
of the legislative act (to encourage development), the appeals court affi rmed the 
GIS database was a computer mapping system exempt from public disclosure. 
The Legislature implemented the act to encourage development because of the 
costs and time involved in developing and maintain computer mapping systems. 
Based on the intent of the act, GIS databases were deemed computer mapping 
systems exempt from public disclosure. The court opined the legislature, not 
the judiciary, should determine public policy in matters of disclosure and exclu-
sions of databases.     

  Oregon Natural Desert Ass. v. McDaniel (2012) U.S. Dist., 282 F.R.D. 533  
  Oregon Natural Desert Association (ONDA) received GIS  data from the Bureau 

of Land Management (BLM). Review of data discrepancies determined the 
GIS data was “interim” data produced years earlier and therefore inaccurate. 
BLM confi rmed the data was “interim” and offered to provide the fi nal data 
set for an additional fee. ODNA sought motions to compel the BLM to com-
plete the record and include additional route coverage. The court  disagreed 
with the BLM claim that the GIS data was adequate and approved the motion 
to compel the BLM to provide the complete record to the ONDA at no cost 
since the BLM had the data when requested by ONDA. However, the ONDA 
was not granted the supplemental data they asked for but could propose a 
more limited modifi cation at a later date after they received and reviewed the 
complete record from the BLM.     
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 Kane County v. United States (2013) U.S. Dist., Case No. 2:08-cv-00315  
  Kane County and the State of Utah sought title to highway rights-of-way located on 

federal land under the Quiet Title Act of 1866. Although the Quiet Title Act was 
repealed in 1976, valid rights-of-way existing prior to the repeal were grandfa-
thered in and deemed to continue in effect. The United States provided quiet title 
to some of the 15 roads but denied quiet title to others. Kane County and the 
State of Utah fi led action to obtain the remaining roads. Aerial photographs  and 
USGS topographic maps  compiled from aerial photographs prior to 1976 conclusively 
proved the existence of roads subject to be grandfathered under the Quiet Title 
Act. Recent GPS  measurements of the road centerlines also proved the current 
roads fall within permissible range of errors that exist in map making. Based on 
the evidence  provided by the aerial photographs, Kane County and the State of 
Utah were able to gain quiet title from the United States. Despite testimony, 
additional roads that were not proven through aerial photographs remained under 
the control of the United States and were not quiet titled to the plaintiffs due to 
the lack of evidence establishing rights of claim.                             
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