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Agenda

• Overview of Local Government Solutions Program
• Introduction to the Law Enforcement Solutions
• Repeat and Near Repeat Analysis Demonstration
• How do I get started?
• Q & A



ArcGIS for Local Governments
Esri’s solution for local governments

Editing
Workflows

Focused 
Maps and Apps

Analytical
Models

Information Model

Series of useful maps and apps focused on 
government work  

• Configurable and extensible

• Freely available and fully supported

Community of users
• Best Practices / Implementation Support

Network of Esri Services and Partner offerings
• Help users implement, sustain and enhance

…..Available on premise or in the cloud



ArcGIS for Local Government
Our mission is to help you……

• Deliver maps and applications quickly throughout your organization

• Stay current with future releases / avoid legacy technology

• Deploy a geospatial platform that can be leveraged by many

• Leverage the collective knowledge of the entire community

• And do this with….less staff, budget, and technical expertise 



Solutions

ArcGIS Online

Leveraging New Technology



Expectations have changed 

• Historically, focused on hard-copy maps

• But, today’s business environment have changed these requirements……

….moving to a connected community that impacts where and how we workPre-Incident Plans
Field Interviews

On line Crime Mapping

Meeting New Business Requirements



Law Enforcement Maps and Apps
Constantly Evolving with Business Needs

PlanningPatrol Operations Crime Analysis Community Events

Fire Incident Maps

Field Interview maps

Repeat and Near Repeat 
Analysis

Cell Phone Analysis

Pre-Incident Planning

District Boundary 
Management

Address Management

Events Calendar

Events Coordination

Events Map Gallery

Events Permit

Events Permit Review

Events Site Map

Public Information

Citizen Problem Reporter

solutions.arcgis.com/local-government/law-enforcement/
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The Crime Analysis Toolbox

Vision
• A continuously growing repository of toolsets relevant to the GIS methods and workflows of Law 

Enforcement Analysts 
• Adding new capabilities and tools to the ArcGIS ecosystem
• Reorganize existing tools into one location
• We want your feedback!

1st Toolset: Repeat and Near Repeat Analysis



The Repeat & Near Repeat Analysis Toolset

Enables capabilities related to Repeat and Near Repeat (RNR) Victimization Analysis in 

ArcGIS for the first time

• Previously required 3rd Party Tools Only

• Adds new capabilities not previously available

Three main capabilities at 1st release:

• Convert layers to csv for use in Temple University’s Near Repeat Calculator (NRC)
• Capabilities of NRC to be incorporated at later release- use in tandem for now.

• Visualize RNR Patterns in your data

• Create crime predictions using RNR
• ArcGIS now has “out-of-the box” predictive tool to support your predictive policing efforts!



Export Incident CSV Tool

• Converts your layer into a csv file appropriate 
for use in Near Repeat Calculator (NRC)
• X, Y, Date- No column headers

• Use NRC to evaluate your historical data to 
identify statistically significant spatial and 
temporal bands in which near-repeat patterns 
have occurred in your jurisdiction

• Use the statistically significant space and 
time band values to populate parameters of 
other two tools.



Repeat and Near Repeat Classification Tool

• Provides summary statistics to help you understand the 
proportionality of near-repeats to your overall data

• Estimates half-distance and half-life to inform decay rates 
in prediction tool

• Visualizes RNR patterns based on input spatial and 
temporal bands

• Classifies each point relative to pattern
• Originator
• Repeat
• Near Repeat
• Null (not in a pattern)

• Classifies for each space and time bandwidth and writes 
back to input feature class

• Creates a line feature class linking together all points in 
each pattern

• Adds Z values to input and line feature class- enables 3D 
visualization in ArcGIS Pro

• Tool requires Desktop Advanced license to run



Calculate Prediction Zones Tool

• Creates risk prediction based on input 
dataset:

• Spatial and temporal bands
• Half-distances/life (decay rate)

• Two outputs:
• Raster image
• Classified polygon based on raster

• Simplify interpretation based on 
number of risk ranges you specify (2-3 
recommended)

• Tool supports updating of polygon feature 
class to ArcGIS Online or Portal

• Processing time can be long on large 
datasets- lots of calculations 
happening- be patient!

• Tool requires Spatial Analyst Extension 



Chris Delaney

What is Repeat and Near 
Repeat Victimization



Hotspots are great…

• Hotspots identify where crime clusters, and are a 
good predictor for where crime is likely to cluster 
in the future (i.e., over the next few weeks) (Chainey et 
al., 2008)

• Repeat (RV) and near repeat victimisation (NRV) 
are other types of spatial-temporal patterns of 
crime

- Evidence suggests that very recent incidents can be a good 
predictor of the immediate future (i.e., the next 24 hours) 
where patterns of RV and NRV exist (Bowers et al., 2004; 
Chainey, 2014; Johnson and Bowers, 2004)

- Examples illustrate that over 50% of RV and NRV take 
place outside of hotspots (i.e., add to the predictions made 
from hotspots, but particularly to support daily police 
deployment)

How can you predict either of these two offences?
Naperville sample data: burglaries on 19 May 2016

The patterning principles of RV and NRV can 
assist us in predicting a proportion of these 

offences



Repeat victimization (RV)

• RV is pattern described for the 
heightened risk that results 
after an initial victimization

- Since studies in 1990s, there has continued 
to be a growth in strong empirical evidence 
supporting RV

Crime Survey of 
England and Wales

“That crime is concentrated on the same people and places and that 
this has potential for crime control has been described as the most 
important criminological insight of the decade” Skogan (1996).



Repeat victimization (RV)

Main findings (e.g., burglary):
• If you are burgled you are at a heightened risk 

of being burgled again
- Not to say you will definitely be burgled again, but 

risk doubles

• Heightened risk rapidly decays with time, 
dropping to the same level of risk as other 
properties within 1-2 months
- The highest period of risk is within a few days of the 

initial incident

• RV considered to be perhaps the best variable 
available for predicting crime

Merseyside, UK

Victoria, Australia

Exponential decay in the temporal risk of 
being a repeat victim



Repeat victimization (RV)

Why do repeats occur?
Boost account theory:
• Future victimisation is boosted by the initial incident

- Offender got away with it, so why not do it again, and to the same target e.g., burglary - knows how to get 
in, the layout of the property and what was left behind previously

Flag account theory:
• Suggests there is some enduring characteristic about the property that ‘flags’ it as being more 

vulnerable e.g., burglary - property at end of a terrace, alley running along the back, appears to 
have poor door and window security

• In practice, both theories are at play
- Flag characteristics initially attract offender because it’s seen as easier target, with risk of future crime 

being boosted following initial incident



Near repeat victimization (NRV)

• NRV is pattern described for incidents taking 
place within a short distance and short period 
of time of an ‘originator’ incident
- i.e. if a house is burgled, the neighbouring houses 

are also at a heightened risk of being burgled

• Main findings (e.g., burglary):
- Level of risk is lower than for property that has been 

burgled
- Decays with distance from the burgled property
- Decays over time



Near repeat victimization (NRV)

Why do near repeats occur?

• Boost theory also applies to nearby targets

• E.g., chances of being burgled boosted by the initial 
burglary:

- Properties more likely to be similar in design (in comparison 
to properties further away)

- Offender is already familiar with area (having chosen to 
burgle here previously)

- Means of breaking in and layout of property are likely to be 
similar (so he knows his way around)

- Neighbours are likely to have possessions worth stealing, 
similar to those stolen in initial burglary

Geodemographic lifestyle map of Derby (UK), 
showing neighbours are likely to be similar



Near repeat victimization (NRV)

Why do near repeats occur?

Optimal forager
• Foraging theory

- Trade-off between energy value of food immediately available, risk in 
obtaining food, and effort expended in reaching better food source

- Better food has to be good enough to offset energy required to travel 
and attain it

- Quality of food in over-grazed areas diminishes until re-grows

• Akin to repeatedly burgled property, where value of items taken 
declines until items have been replaced

• Once area has been grazed out (i.e., skimmed of the best theft 
opportunities), forager moves on

Foraging Theory



Repeat victimization and near repeat victimization 
supported by what offenders say …
Offender interview research:
• “the house was associated with low risk …., they were 

familiar with the features of the house …., to get things left 
behind or replaced goods” Ericsson (1995)

• “once you’ve been in a place it’s easier to burgle because 
you are familiar with the layout, and you can get out much 
quicker” Ashton et al. (1998)

• “The police certainly see a pattern, don’t they, so even a 
week’s a bit too long. Basically two or three days is ideal, 
you just smash it and then move on … find somewhere else 
and then just repeat it, and then the next area …” Summers 
et al (2010) 



Repeat victimization and near repeat victimization

Other types of crime?

• Patterns of RV and NRV observed for a wide range of 
crime types
- Vehicle crime, street robbery, shootings, bicycle theft and road-side 

bombs in Iraq
- Where boost, flag and foraging behavioural principles apply

• And in different contexts
- Urban and rural
- Developed and developing countries (e.g., burglary, robbery of 

motorbike riders and robbery of taxi drivers in Latin American cities)

Source: Ratcliffe, J.H. and Rengert, G.F. (2008), "Near-repeat 
Patterns in Philadelphia Shootings", Security Journal 21:58-76.



The predictive power of repeat and near repeat 
victimization patterns …

• Patterns of RV and NRV 
considered to be powerful 
means on which predictions 
of crime can be made 
(Bowers et al., 2004; Johnson and 
Bowers, 2004; Johnson et al., 2008)

• Previous studies examining 
repeats and near repeats:
- E.g., Newcastle (UK), 38% 

of burglary followed repeat 
and near repeat patterns

Source: Chainey, S.P. and de Silva, B.F.A. (2016), “Examining the extent of repeat and near repeat victimisation of domestic burglaries in Belo Horizonte, Brazil”, Crime Science 5:1



The application of crime prediction using repeat and 
near repeat victimization patterns (crime reduction)

• Draw risk areas around recent incidents, also representing temporal 
decay in risk

- Time consuming and not particularly mathematical e.g., not representing 
spatial decay of risk from incident, little mathematical examination of 
spatial extent of risk (i.e., size of buffers) and rather simply considering 
the manner in which risk decays temporally … however …

Trafford, Manchester (UK)

Source: Fielding M., and Jones V. (2012), “Disrupting the optimal forager: predictive risk mapping and domestic burglary reduction in Trafford, Greater Manchester”, International Journal of Police Science and Management 14:1:30-41.

Leeds (UK)



The application of crime prediction using repeat and 
near repeat victimization patterns (investigation)

• Likely to be offender who committed first 
burglary who will return to commit repeat or 
near repeat
- Police to be vigilant of suspicious persons and known 

offenders operating in targeted area
- Intelligent targeting of stop and frisk
- Supervision of prolific offenders 
- Forensic opportunities from RVs and NRVs

• Examination of spatial-temporal signatures 
of series
- Do other offence series display similar patterns and, 

therefore, possibly committed by same offender?

2D RV and NRV patterns 3D RV and NRV patterns
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Demo: Using the Repeat and 
Near Repeat Analysis Toolset



How accurate are the Prediction Zones?
Tests using Naperville sample data
• Repeat and Near Repeat Classification results:
• Calculate Prediction Zones

- Random generation of 28 dates covering time period of 
sample data (e.g., 2016-01-14, 2016-01-25, …)

- For each date generated Prediction Zones
- Spatial range: 1300ft; Spatial half distance: 472ft
- Temporal range: 14 days; Temporal half life: 4 days
- Risk ranges: 3

- Calculated number of incidents that took place on day 
after and number of incidents within Prediction Zones 
(by risk range)

- Would expect approx 48% incidents to be predicted

- 49% of incidents predicted in zones 
typically covering 8.5% of study area

- Prediction Accuracy Index* greatest for higher risk 
zones

Examples of Prediction Zones output, 
displayed with incidents (in blue) that 

took place on the following day

*Chainey, S., Tompson, L., & Uhlig, S. (2008). The utility of hotspot mapping for predicting 
spatial patterns of crime. Security Journal 21, 4-28



What You Need to Get Started
The Repeat and Near Repeat Analysis Toolset

Download

• solutions.arcgis.com/local-
government/law-enforcement
• Crime Analysis Toolbox

• Walk through help 
documentation and 
example data

• Incident Classification tool 
requires ArcGIS Desktop 
Advanced license

• Calculate Prediction Zones 
requires Spatial Analyst 
extension

Analyze

• Try your own data
• ArcMap
• ArcGIS Pro

• Automate the creation 
of your Prediction 
Zones
• ModelBuilder->Model-

>Export-> To Python 
Script

• Windows Task Scheduler

• Analyze historical 
datasets to understand 
predictive power

Share

• ArcGIS Online or 
ArcGIS Server w/ 
Portal
• Publish your risk polygons

• Build web maps

• Story Map 
Template
• Operational Briefings

• Web AppBuilder
• Predictive Detail Planning



Questions?



What’s Coming?
Continuously Evolving Solution Offering

• Near Repeat Calculator

• Community Events (v. 2.0)

• Planning
• Operations

• Pre-Incident Planning (v. 2.0)

• Procedure driven integration
• Support assignment, field collection, status reporting, and response

…as we expand community engagement and simplify deployment options



The Community

Destination where government’s 
can collaborate

Place where developers can contribute

Share success stories and learn from others

It’s not just about the technology

http://esri.github.com

http://meetup.com/ArcGIS-for-Local-Government/

http://solutions.arcgis.com



UC Events

• ArcGIS for Law Enforcement Sessions
- Public Safety and OPS demo theatres

• ArcGIS for Local Government Special Interest Group
- Wednesday @ Noon

• State and Local Government Social
- Wednesday, June 29 5:30 PM – 7:00 PM Promenade Hilton Bayfront

• Solution Island
- Focused conversations / support 
- Esri Pavilion: Government Neighborhood - Solutions Community 



Please take our survey
Your feedback allows us to help maintain high standards and to help presenters

Locate session Find event in Esri Events App Survey at bottom of session Submit response



Thank you! 
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