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About CrimeStat

CrimeStaftis a spatial statistics program for the analysis of crime incident locations, developed by Ned
Levine & Associates under the direction of Ned Levine, PhD, that was funded by grants from the Na-
tional Institute of Justice (grants 1997-JCX0040, 1999-JCX0044, 2002-JCX0007, and 2005-1J3CX-
K037). The program is Windows-based and interfaces with most desktop GIS programs. The purpose
is to provide supplemental statistical tools to aid law enforcement agencies and criminal justice re-
searchers in their crime mapping efforts. CrimeStafis being used by many police departments

around the country as well as by criminal justice and other researchers. The new version is 3.0
(CrimeStat 1ly.

The program inputs incident locations (e.g., robbery locations) in 'dbf', 'shp’, ASCIlI or ODBE
compliant formats using either spherical or projected coordinates. It calculates various spatial statis-
tics and writes graphical objects to ArcView”F, MapInfo”F, Atlas*GIS™, Surfef*® for Windows, and
ArcView Spatial Analyst®.

Copyright

CrimeStafis copyrighted by and the property of Ned Levine and Associates and is intended for the
use of law enforcement agencies, criminal justice researchers, and educators. It can be distributed
freely for educational or research purposes, but cannot be re-sold. The name CrimeStat is a registered
trademark of Ned Levine & Associates.

Citation

The program must be cited correctly in any publication or report that uses results from the program.
The author's suggested citation is:

Ned Levine (2007). CrimeStat A Spatial Statistics Program for the Analysis of Crime Inci-
dent Locations (v 3.1). Ned Levine & Associates, Houston, TX, and the National Institute
of Justice, Washington, DC. March.

For More Information

For more information on CrimeStat, visit http://www.icpsr.umich.edu/crimestat .

Contact Information

Technical questions relating to the CrimeStat software and/or manual should be directed to:
Dr. Ned Levine

Ned Levine and Associates

crimestat@nedlevine.com
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CrimeStabis a spatial statistics
package that can analyze crime
incident location data. Its purpose
is to provide a variety of tools for
the spatial analysis of crime inci-
dents or other point locations.

In this chapter:

Purpose of CrimeStat IlI

Uses of spatial statistics in Crime
Analysis

CrimeStat Il as a tool for analysts
Statistical Routines

Hardware and Software require-
ments

Downloading sample data
Chapter layout and design




1 Introduction and Overview

1.0 Introduction
To study crime is to study location, geography, neighborhood, environment. When it
comes to an understanding of crime and disorder, knowing these is as important as
knowing the criminal mind. Not all crimes have an identifiable victim. Not all have stolen
property. Not all have a rational motive, nor an identifiable time of day, nor even neces-
sarily a deliberate offender. But nearly all have a location.

In crime analysis, we often identify crime patterns by the physical proximity of the crimes.
Long-term problems frequently manifest themselves as "hot spots”; in every jurisdiction,
there are businesses, street corners, parks, schools, and other locations known to produce
a high volume of everything from street robbery to false alarms. In solving problems, we
often find that fixing something about a location, or a type of location, is the key. We allo-
cate our patrols by district, beat, or precinct. We study road networks to analyze every-
thing from response times to probable offender flight routes. Journey-to-crime, redistrict-
ing, response plans, geographic profiling, selective enforcement, automatic vehicle loca-
tion, probation and parole tracking... crime /sgeography. Policing /sgeography.

1.1 Geographic Information Systems
In the modern era, we study this geography with geographic information systems, and
the first part of this analysis involvescrime mapping it geocoding incidents or other police -
related data and displaying them on a paper or computerized map. There are various
types of thematic maps like point symbol maps, choropleth maps, and graduated symbol
maps that can help tell a O0storydé using our

* To identify patterns and problems

* To identify hot spots

* To serve as a visual aid when disseminating information about patterns and problems
* To show the relationship between geography and other factors

* To look at direction of movement

* To query data by location (e.qg., buffers)

* To create patrol districts

* To track changes in crime

* To make maps for police deployment and general police information

Glossary

Geographic information systems: Hardware and software that collects, stores, retrieves, manipulates, queries, analyzes, and displays spati
data. GIS is a computerized fusion of maps with underlying databases that provide information about map objects.

Crime mapping:t he application of geographic information systems to cri e and
of crime patterns, series, trends, and problems.

Geocoding: the process of assigning geographic coordinates to data records, usually based on the street address. Geocoding is what turnsa

list or database of crimes into a map of those crimes.

Thematic maps::a map that shows a o0themed6 or tells a story rather thatar @i mply

thematic maps used in crime mapping are choropleth maps (polygons colored or patterned based on the volume of crime); graduat ed symbol
maps (larger dots at locations with more crimes); and point symbol maps (different colors or symbols based on the type of crime or some other
attribute feature).

Patterns::two or more incidents with direct common causal factors. Patterns are usually shortterm phenomena. The most common types of
patterns are series, in which the common causal factor is the same offender(s).

Problems : an elusive term that generally refers to a longterm or chronic crime phenomenon based on opportunity rather than on a single
offender or group of offenders. The term generally encompasses both the incidents themselves and their underlying causes.

Hot Spots:areas of concentrated crime. Hot spots can be single addresses, parcels, blocks, neighborhoods, or even entire cities, deperidg on
the overall scale of the analysis.
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July 1, 2002 and January 31, 2004. Using the legend (and labeling provided), the user can
identify areas with greater and lesser burglaries. The colored polygons represented
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Creating the map is only the first step. The analyst then mustanalyzethe mapped data to
answer his or her questions: Is there a pattern? What is the nature of the pattern? What
are its dimensions? Where are the hot spots for this type of crime? What things might be
influencing those hot spots? Where might a serial offender strike next? For most analysts,
the predominant paradigm to answer these questions has been visual interpretation . sim-
ply looking at the map and using common sense, judgment, and knowledge of the juris-
diction and its dynamics. For many crime analysis tasks, visual interpretation works just
fine. It can usually identify the spatial concentration of a pattern, allow the analyst to rec-
ognize the most serious hot spots, and provide enough information to general reason-
able answers to common spatial questions.

But there are times when visual interpretation does not do the job. It cannot easily pick
out hot spots among thousands of data points. It cannot detect subtle shifts in the geog-

raphy of a pattern over time. It cannot calculate correlations between two or more geo-

graphic variables. It cannot analyze travel times among complex road networks. And it
cannot apply complicated journey -to-crime calculations across tens of thousands of grid
cells. For these things, and more, we needspatial statistics And that is where CrimeStat
comes in.

Glossary

Spatial Statisticsmathematical techniques that apply descriptive and multivariate statistics, mathematical modeling, and algorithms to spatial
data, usually using geographic coordinates.
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1.2 What is CrimeStat?
CrimeStat is a Windowsbased spatial statistics application developed by Ned Levine and
Associates of Houston, Texas, under a grant from the National Institute of Justice. Version
1 was introduced in August 1999. The current version, 3.1, was released in March 2007.

CrimeStat isnot a GIS. It does not create or display maps of crime. Instead, it reads files
geocoded by geographic information systems, like ArcGIS and Mapinfo, and exports its
results into formats that those programs can read. For this reason, effective use of
CrimeStat requires at least intermediate knowledge of your GIS. You will switch back and
forth between the two frequently.

Given the coordinates of crimes (or other types of police data), either individually or aggre-
gated into polygons, CrimeStat can perform a number of calculations and produce a num-
ber of types of map layers:

* The mean or center of minimum distance of a group of incidents

* An area representing the standard deviation (either elliptical or rectangular) of a
group of incidents

* An area representing the full geographic extent of a group of incidents

* Statistics that measure the spatial relationship between points

* Statistics that measure the level of clustering or dispersion within a group of inci dents,
including statistics that help identify statistically significant concentrations of incidents

* Distance measurements between points

* |[dentification of hot spots based on spatial proximity

* Estimation of density across a geographic e
* Statistics that analyze the relationship between space and time

* Statistics that analyze the movement of a serial offender

* Routines that estimate the likelihood that a serial offender lives at any location in
the region, based on journey -to-crime research

* ...And much, much more not covered in this workbook

Standard Deviational Ellipse Nearest Neighbor Hierarchical Clustering

Clossary

ArcGis:a geographic information system software line made by ESRI for Redlands, California. The ArcGIS family includes ArcReader,AMiew,
ArcEdi tor, and Arclnfo (all di fferent 0l evel sé6 of the s aomg usgdr
among law enforcement agencies.

Maplinfo a geographic information system produced by Pitney Bowes MaplInfo Corporation of North Greenbush, New York. Mapinfo is the
second most commonly-used GIS in law enforcement.
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These different statistics may seem esoteric and academic, but over the course of this book
(and its associated training), we wil!/ show
you:

* |dentify crime patterns and series

* I dentify the O0target aread in which a s

* |[dentify and triage hot spots

* Conduct a risk analysis across your jurisdiction based on known crime locations
There are other useful routines in CrimeStat not included in this workbook that can:

* Create a oOgeographic profiled in a cri

suspected offenders
* Optimize patrol routes and response times

CrimeStat, in short, is valuable fortactical crime analysis strategic crime analysis and opera-
tions analysis

1.3 The Need for Spatial Statistics in Crime Analysis
As we noted earlier, most crime analysts interpret maps by simply scanning them with their
eyes. This works well for simple maps, or maps with few incidents, but it places too much
demand on the limitations of human perception. Certain crime analysis chores, like hot spot
identification and spatial forecasting, are enhanced with spatial statistics. Other functions,
like geographic profiling and density mapping, are impossible without spatial statistics.

Figure 1-1 gives an example of a crime map easy to interpret visually. This eighincident
robbery series exhibits an obvious clustering. We could use CrimeStat to identify the mean
center, to show us the seriesd geographic ex
rectangle or ellipse around the majority of the incidents fibut a reasonably intelligent per-

son with a crayon could accomplish as much, and far quicker.
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Figure 1-1: Example of a crime map easy to interpret visually

Glossary

Tactical Crime Analysisthe regular search for emerging crime patterns and series, the techniques used to examine and describe the character-
istics of these patterns, the methods by which this information is disseminated to a police agency, and the responses that the agency designs
and implements.

Strategic Crime Analysisthe analysis of long-term trends or crime problems.

Operations Analysist he study of a police agencyds allocation of resources
Geographic profiling: is a criminal investigative methodology that analyzes the locations of a connected series of crimes to determine the most
probable area of offender residence. Typically used in cases okerial murder or rape (but also arson, bombing, robbery, and other crimes), the

technigue helps police detectives prioritize information in large -scale major crime investigations that often involve hundreds or thousands of
suspects and tips.
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Figure 1-2 is a different story. Instead of an eightincident series, we have a 634incident
pin map depicting thefts from vehicles in the spring of 2007. A few factors make visual
interpretation inadequate for this map. First, the sheer number of incidents overwhelms
the senses. Hot spots seem to appear wherever we look, and the downtown area looks
like one huge hot spot. Second, we cannot see multiple incidents at the same location,
and 87 locations have more than one incident fi two locations have seven! But where our
eyes cannot filter through the volume, CrimeStat can. In Figure 1-3, we've used Nearest
Neighbor Hierarchical Spatial Clustering to automatically identify areas with exceptional
volume.

Figure 1-2 Figure 1-3

Figure 14 introduces a problem of a different type. Here, the series of 30 residential bur-
glaries would appear visually manageable, and indeed we can identify its extent and con-
centrations without much trouble. But there is a subtle shift occurring in the series that
we cannot visually identify: the mean location is moving northwestward over time. We
would be hard pressed to identify this trend visually, but CrimeStat's Correlated Walk
Analysis routine helps us identify the likely pattern of movement to the next strike in Fig-
ure 1-4.

Figure 14




