Mapping in Podunk:  Issues and Problems in the Implementation and Use of GIS in Small and Rural Law Enforcement Agencies

Introduction


Over the last ten years GIS has increasingly become recognized within law enforcement as a highly valuable tool in evaluating crime problems and developing strategic problem solving solutions.  With increased publicity about its benefits, interest in acquiring and using GIS within law enforcement has grown to the point that the majority of police departments feel that crime mapping would be a valuable tool for their department in dealing with crime (Mamalian, LaVigne, et al., 1998).  In addition to the increased recognition of the benefits of GIS the declining costs of computer hardware and software have placed GIS firmly within the grasp of many law enforcement agencies.  In accordance with this, the use of GIS has increased over the past few years, with approximately 16% of the more than 13,500 local police agencies using GIS to some extent in 1999 (Hickman, 2001).  

While these numbers appear to indicate a bright future for GIS within law enforcement, a closer inspection into the use of GIS within policing points out some disturbing disparities in its use.  Specifically, the use of GIS in law enforcement is increasingly becoming limited to large police departments that make up only a fraction of the total number of law enforcement agencies (Hickman, 2001).  Nationally, 90% of the 86 agencies that serve populations over 250,000 and approximately 60% of the 537 agencies serving populations between 50 and 250,000 are currently using GIS (Hickman, 2001).  In contrast, only approximately 14% of the nearly 13,000 departments serving populations less than 50,000 are currently using GIS (Hickman, 2001).  Moreover, the number of small departments currently using GIS actually declined between 1997 and 1999 (Hickman, 2001).  This is all the more striking given that small departments comprise approximately 90% of all law enforcement agencies nationally.  

While numerous articles have been written discussing implementation and use of GIS in law enforcement, currently none have dealt specifically with the issues facing small and rural law enforcement agencies wishing to implement and use GIS (Garson, D. and I.B. Vann, 2001; Hughes, K, 2000; Mamalian, C.A. and N.G. LaVigne, 1998; Vincent, K, 2000).  Although articles that deal generally with implementation and use of GIS are instructive and beneficial, the failure to address the specific issues faced by small and rural agencies may actually have contributed to its limited use within these agencies.  Accordingly, the purpose of this paper is to explore some of the major issues specific to the implementation and use of GIS in small and rural law enforcement agencies and to provide a simple guide for implementation and use of GIS within these agencies.  In order to fully discuss issues relating to both implementation and use of GIS within small and rural agencies the paper will be divided into two different sections.  The first section of the paper will discuss issues relating to GIS management and integration of GIS into decision-making as well as cost issues and GIS system options for small and rural departments.  The second section of the paper will discuss issues and problems associated with using standard analysis techniques developed for large urban areas to assess crime problems in small and rural jurisdictions. 

GIS Implementation


After an agency makes the determination that they wish to acquire a GIS, the first step is to conduct a needs assessment (Garson and Vann, 2001).  The goal of a needs assessment is to attempt to gather information about what an agency both wants and needs out of a GIS system.  This information is then used to determine the specific acquisition needs of the department in terms of software and hardware as well as training and data needs.  Information gathering for a needs assessment is usually conducted in both formal and informal sessions that involve as many people within the department as possible.  While this can be a lengthy, expensive, and difficult procedure for large departments, information gathering is generally much easier for small and rural agencies because of their smaller size.  Successful methods of information gathering include formal and informal surveys, open discussions, lunch meetings and informal discussions between the chief and officers.  

While a needs assessment is vitally important in GIS implementation in any size department, it is all the more important in small and rural departments.  Because of the significant costs associated with setting up a GIS, it is essential that small and rural agencies fully delineate their exact requirements for the GIS in order to acquire a system that fully meets their needs, but yet fits within their limited budget.  In conducting a needs assessment, several specific questions should be addressed, including: who will be responsible for managing the GIS, how will GIS be integrated into the department, who will the end users be, data issues, and what will be mapped (Garson and Vann, 2001).  It is in addressing these specific questions where small and rural agencies differ most from larger departments.  Specifically, the amount and type of incidents that occur in small and rural jurisdictions coupled with budget and manpower differences impact greatly the GIS needs and capabilities of small and rural agencies.

Management of GIS

In conducting a needs assessment the first issue that small and rural agencies must address is determining who will manage the GIS once it is acquired.  Management of GIS is an issue that should not be taken lightly, as who maintains the GIS and how much time they have to do so are often key elements in whether GIS implementation is a success or failure.  In large departments GIS management is usually handled in one of two manners, hiring of new GIS personnel or providing current data management personnel with training in GIS.  Importantly, these options are not always available to small and rural agencies.  Except in the rare case of a wealthy small agency, the hiring of new personnel, expressly for GIS management, is not possible due to budget limitations.  While grant funds are available to assist in hiring situations such as these, most grants are for limited time periods and require an agency to pay at least half of new personnel’s salary.  Thus, because of budget limitations, most small and rural agencies will have to rely on current personnel for GIS management.  However, small and rural agencies are usually far more economically staffed than are larger agencies, with a far greater percentage of total personnel being sworn officers than in large departments.  In many small and rural agencies data management is handled part-time, either by sworn officers or civilian personnel such as secretaries.  Thus, in determining beforehand who will be responsible for GIS management, small and rural agencies must also assess the impact these additional duties will have on that individual’s other duties within the agency.  Importantly, if a sworn officer is chosen for data management this may result in a severe reduction in their law enforcement duties.  

Another factor for small and rural agencies to consider in assigning GIS management duties is the training required by personnel for its effective operation and use.  Learning how to use GIS effectively and efficiently can be a daunting task for even those with extensive computer experience.  In most cases, the best option is to either seek volunteers who are interested in learning GIS or to appoint the individual within the agency with the most computer knowledge and aptitude.  Importantly, these issues are vitally important in making a determination about the type of GIS system that is best suited for an agency.  Those agencies where time and training of personnel are major issues will best suited to acquire a GIS system that is both less labor intensive and easy to learn.  Conversely, those agencies where GIS management issues are not a problem may be better able to handle acquiring a sophisticated GIS system.  While every small and rural agency must make their own determination concerning GIS management, those that take these issues into consideration will find GIS implementation a smoother process.

GIS and the Decision Making Process

The second issue small and rural agencies must address in a needs assessment is determining how GIS will be integrated into the department.  A major issue in the acquisition of any new equipment or service by a law enforcement agency is determining how best to integrate it within your agencies structure so that its full potential and benefits can be realized (Garson and Vann, 2001).  In implementing GIS the major issue for agencies is determining how the information that a GIS provides will be integrated into their decision-making process.  One of the main benefits of a GIS is that it provides law enforcement with a new method of analyzing the locations of crimes, calls for service and areas of need that can be used to develop new patrol, problem solving, and crime prevention strategies (Harries, K., 1999).  Currently, GIS is commonly used to assist in the decision making process in a wide array of areas, such as the creation of new patrol beats, directed patrol locations, crime prevention programs, and other strategies that make policing efforts more effective and efficient (Harries, K., 1999).  While large departments may be able to easily use the information provided by GIS analysis to implement changes, small and rural agencies may not be able to implement these strategies that are suggested by GIS analysis.  In discussing the use of GIS to deal with “hot spots” of crime, one chief of a small police department related two major barriers to its effectiveness for small and rural agencies (B. Post, personal communication, April 3, 2001).  First, many small and rural agencies have no training in how to respond effectively to these “hot spot” situations.  For many small and rural agencies strategies such as directed patrol, crime prevention through environmental design, and problem oriented policing are programs they may have heard of, but have no experience with.  Thus, acquiring training for police managers and decision-makers is essential, for without training, designing and implementing these and other strategies may prove daunting for many small and rural agencies (Garson and Vann, 2001).  

A second issue that was raised in using GIS in decision-making, revolves around the need for manpower in carrying out these strategies.  While a large department may be able to attack a crime “hot spot” by using extra patrol in the concerned area, small and rural agencies are limited in the manpower they can devote to an area.  Thus, even if many small and rural agencies know how to respond to an emerging “hot spot”, because of manpower limitations they may not be able to respond effectively.  As one chief stated in discussing “hot spot” responses, “I would only be able to respond with an officer or two and even that might require overtime pay”(B. Post, personal communication, April 3, 2001).  In integrating GIS within an agency, small and rural agencies must recognize the limitations they will have in using GIS effectively, and plan out beforehand how best they can use its capabilities to meet their goals and needs.  A sound plan concerning the role GIS will play in decision-making and problem solving is essential for its capabilities to be effectively and efficiently realized after implementation.  Moreover, delineating how GIS will be integrated into decision-making will assist in the acquisition of a GIS system that will best fit the needs of the department.  Without sound planning in this area, many departments may purchase a GIS system with more capabilities than they need, wasting precious money that could have better been spent elsewhere.

End Users of GIS


A third issue that must be addressed in a needs assessment concerns the potential end users of GIS products.  Importantly, the issue of potential end users is closely related to integration of GIS into a department, in that how well a GIS is integrated within a department will determine to some degree who the end users will be.  Of all the different issues to be addressed in a needs assessment, none is arguably more important than the determination of end users of GIS.  Delineating a complete list of end users and their needs will determine the range of end products that a GIS must produce and thus the functionality and capability that is necessary from the GIS.  Those agencies that foresee having many different groups of end users will need to have more flexibility and capability in their GIS system than those whose end users are of a more limited nature.  Interestingly, this is one area of GIS use where small and rural agencies do not differ greatly from larger law enforcement agencies.  Traditionally, end users of GIS analysis in law enforcement are limited to four main groups, each with a different need from GIS analysis.  The first group of end users is line officers.  Line officers traditionally use GIS analysis to assist them in duties related to patrol and thus require maps that are simple to understand yet detailed enough to provide an understanding of the conditions in their patrol area.  The second group of end users is police managers.  Police managers use GIS analysis primarily for decision-making and strategic planning purposes and thus need maps that provide an understanding of trends and patterns on a larger scale than those of line officers.  The third traditional group of end users is other government officials such as city council members.  These other government officials use GIS analysis to help them understand crime related issues and needs of law enforcement and thus require maps that can show how law enforcement needs are being met or neglected.  The final group of traditional end users is community members.  Community members use these maps to inform them of crime related issues in their communities and thus require maps that can relay crime information in a simple and easily accessible manner.  Departments need to delineate in advance both the potential end users and the products that they will require in order to better determine the type of GIS system they will require to meet those needs.  Those agencies that will have a limited number of end users and products that require only simple analysis will require less in terms of GIS systems than those agencies that have many end users that require sophisticated analysis.  Careful planning in this stage will help to assure that all potential end users will benefit fully from the uses of GIS and that agencies acquire a system that can fulfill all of their needs.

Data Related Issues


Another issue to be addressed by small and rural agencies, and one that is often overlooked in determining what type of GIS system an agency needs, is data related issues (Garson and Vann, 2001).  Data issues are extremely important in GIS implementation and consist of three main issues, an agency’s current data management system, base maps and geo-coding and “other” data to be used.  The most important of these three issues concerns an agency’s current data management system.  Research on GIS implementation reveals the integration of GIS with existing RMS systems was the biggest problem faced by most agencies, more so than either cost or manpower issues (Paulsen, 2001).  This issue is of great importance because an agency must be sure that they are capable of exporting data from their data management system into their GIS to prevent inefficient use of GIS.  There are countless cases of law enforcement agencies that have acquired an expensive GIS system only to have it gather dust because they found out after purchase that they have no way to export incident data from their data management system into their GIS.  This is a particularly acute problem in small and rural agencies where RMS systems tend to be more limited in capabilities than in larger departments.  Thus to avoid, this potential problem, an agency should discuss data management issues with their vendor before purchase of a system.  

A second data issue deals with base maps and geo-coding issues that small and rural agencies will encounter after acquiring a GIS.  The most common method of inputting data into a GIS is through a process called geo-coding, which involves taking incident addresses and matching them to a base map containing all addresses for an area.  While this is a relatively easy process for large urban locations, for which excellent base maps are readily available, geo-coding is a much trickier proposition for small and rural agencies where good base maps are not always easily acquired.  Agencies must make sure to determine whether good base maps are available for their jurisdiction, and if not, they need to make plans to either purchase one or hire a contractor to create one.  In addition, data collection may have to be altered in many small and rural agencies in order to make sure that official street addresses, rather than common-place names, are used to delineate where an incident occurred.  Finally, agencies must determine what “other” types of data they want to analyze besides crime incidents in order to make plans for acquiring this data.  Importantly, many different sources of good contextual data are freely available for use and can be acquired easily from other government agencies, census bureaus or GIS vendors.  In implementing GIS agencies must be cognizant of all the different data issues before they acquire a system.

What to Map


The final issue to be addressed in a needs assessment is what an agency is going to map.  This stage of a needs assessment is vitally important because it will help determine the end products required by the various end users, which in turn will impact the type of GIS system an agency will require to meet those needs.  What types of things that an agency will map is impacted mostly by the nature and extent of crime incidents within a jurisdiction (Harries, K., 1999).  In determining what will be mapped, an agency should make a list of the most important problems that they face and how mapping can assist in those problems.  It is here that the greatest differences exist between large urban law enforcement agencies and small and rural law enforcement agencies.  While police agencies that serve jurisdictions with populations under 25,000 account for approximately 90% of all law enforcement agencies, they account for only approximately 16% of all reported crime, and only 11% of all serious violent and property crime (Pastore and Maguire, 2000).  In general, because of the differences that exist in the nature and extent of crime in small and rural jurisdictions, these agencies will not need GIS systems that are as sophisticated as those necessary in larger jurisdictions.  A comparison of two different size cities in North Carolina illustrates this point.  In the town of Boone, a university town with approximately 13,000 year round residents, the most serious problems facing the police are vandalism, auto accidents and alcohol related incidents.  In contrast, in the city of Charlotte, with well over 250,000 residents, crime problems are similar to all major cities, including, drug sales, violent crime, and resource allocation issues.  Because of the differences in the nature and extent of crime incidents in these two cities, what they map and the GIS system required to meet those mapping needs will be very different.  In Boone, the mapping of auto accidents, vandalism spots and DWI’s for a limited amount of end users can be accomplished with simple pin maps and will require only a simple GIS to handle their complete departmental needs.  In contrast, the crime problems in Charlotte require advanced analysis techniques such as crime forecasting for resource allocation, geographic profiling for investigations and crime density change maps for line officers, all requiring a far more advanced GIS system than Boone.  As with other needs assessment issues, each small and rural department must make their own determination of what they will map based on the nature and extent of crime incidents and the needs of the end users within their jurisdiction.  Carefully, delineating these issues in the planning stage will help prevent small and rural agencies from making poor decisions when it comes to acquiring a GIS system that best fits their mapping needs.  

Acquiring a GIS


After a department has carefully conducted a needs assessment, the next step is to acquire a GIS system.  Importantly, it is in this stage that many small and rural agencies experience their largest problems.  The main cause of these acquisition problems revolves around attempting to match the needs and requirements delineated in the needs assessment with a GIS system that will fit a small or rural agencies budget.  One of the main problems that small and rural agencies have in attempting to make this match of needs and budget is a lack of understanding of the options available to them.  Many times small and rural agencies purchase systems that are more expensive and have more functionality than they require to meet their limited needs.  As a result, these systems often end up being used sparingly and resentment grows towards GIS because of the immense expense for such a limited use.  The GIS options available to small and rural agencies can be classified into five different options, desktop GIS, other government agencies, University assistance, regional mapping initiatives, and application service providers.  This section is designed to act as a guide to these different options discussing the different benefits, problems, and basic hardware requirements associated with each option.  Small and rural agencies should use this section, and its associated table, as a reference to guide them in making general choices about how to acquire GIS analysis capabilities.

The first crime mapping option available to departments is to acquire a stand-alone desktop GIS system such as ESRI’s Arcview, Mapinfo’s Map Info, Microsoft Mappoint, or Integraph’s GeoMedia to name a few.  These desktop systems are notable for their flexibility and functionality, providing agencies with the widest range of analysis capabilities and ability to upgrade.  In addition, these desktop systems benefit from a wealth of available software extensions that can customize the system specifically for the crime analysis.  Other benefits include dedicated technical support from the vendor, integration capabilities with other government agencies, and a vast network of current users within law enforcement who can provide both practical and technical assistance to new users.  However, along with these many benefits comes a wealth of potential problems for small and rural agencies.  The biggest problem with these desktop systems is their cost.  In addition to a high initial purchase cost, there are associated training costs, service contract costs, and costs of eventual upgrades and add on extensions.  Other problems include difficulty in training and more functionality than is necessary.  For many small and rural agencies acquiring a desktop system is simply not a cost effective decision as it provides far more functionality than they need at a cost higher than they can afford.  Minimum hardware requirements for these desktop systems are not usually very extensive, usually consisting of a late model PC compatible computer running a 166 Mhz Pentium or higher chip with at least 64 RAM, a good color monitor and a quality color printer.  Because of the costs associated with these systems, they are usually best suited to agencies that desire increased functionality and advanced spatial analysis capabilities, have multiple end users requiring complex products and where cost, training, and GIS management are not an issue.

The second option available to small and rural agencies is to enlist the assistance of other government agencies in their community such as a planning department, zoning board, tax assessor or other agency currently using GIS.  This option allows small and rural agencies to avoid the costs associated with the acquisition of GIS software, hardware and training, yet still conduct basic GIS analysis of incidents.  Importantly, the costs associated with acquisition of software, hardware and training are often listed as the biggest barriers to departments conducting GIS analysis (Mamalian and LaVigne, 1998).  Other benefits include the integration of crime data with data from other government agencies and the saving of time by not conducting the analysis in-house.  However, conducting GIS analysis in this manner also engenders several different problems, chief among them is the timeliness of analysis.  When crime mapping is outsourced in this manner the analysis is usually conducted when it is convenient for the other agency and not when it is needed by the police agency.  This can have severe implications in its utility in decision-making and full integration within a department.  Other problems include security and privacy of incident data and the lack of training in the analysis of crime of the GIS analysts.  Because of the limited capabilities and timeliness of GIS analysis, this option is best suited for agencies that want entry level analysis, where GIS management and training are major issues and where end users and what will be mapped are limited in nature.  

The third option available for small and rural agencies is to enlist the assistance of a local university in the analysis of crimes.  This option can take several different forms ranging from complete outsourcing of GIS analysis, as with the aforementioned option, to the providing of manpower for in-house GIS systems.  The benefits of this option differ depending on the assistance received by the agency, but generally include lower costs associated with software and training as well as expert GIS analysis abilities.  This option allows small and rural agencies to benefit from those who have a vast wealth of knowledge and experience in GIS, without requiring a heavy investment from the agency.  Other benefits include integration of crime incidents with other contextual data and reduced workload on existing officers.  Problems associated with this option are dependent on the degree of assistance provided, but chief among them is the availability of a university to provide assistance.  Many small and rural agencies are not located in areas where assistance from a university is possible in any form.  Other problems associated with this option include the timeliness of the analysis and privacy and security of incident data.  Because of the limitations of this type of GIS analysis, this option is best suited for agencies that are wanting simple analysis, where GIS management, training and costs are an issue and where end users and what will be mapped are limited in nature.

The fourth option for small and rural agencies is to become involved in a regional mapping program.  These programs are similar to both university and government agency assistance in that GIS analysis is essentially out-sourced.  However in regional mapping programs it is another law enforcement agency that conducts the analysis rather than a civilian agency.  In addition to the obvious cost savings for software, hardware and training, there is the added benefit of viewing local crime incidents in the context of crime incidents from other jurisdictions.  This regional analysis allows agencies to better understand the crime problem in their area by seeing crime incidents beyond their own jurisdictional borders.  In addition, as opposed to other outsourcing options, there are no real security or privacy issues as all analysis is conducted by law enforcement agencies.  Problems associated with this option are those that are endemic to all law enforcement collaborations, namely logistics.  In order for regional mapping programs to work smoothly they require a data agreement by all participating agencies, in which all agencies will have common data with similar attribute characters.  Importantly, this is often very difficult for diverse agencies with different data gathering methods to agree upon.  Other problems include determining cost sharing issues, which agency will be responsible for the actual analysis duties and general trust issues involved in police collaborations.  Minimum hardware requirements vary greatly based on the mapping agreements, but usually consist of no more than a PC with at least a 166 Mhz Pentium processor with 64 MB RAM, a good monitor and a good color printer.  A regional mapping programs is best for those agencies that desire a regional perspective on crime, where GIS management, training and costs are an issue or where end users and what will be mapped are limited in nature.


The last option for small and rural agencies is to have GIS analysis conducted through an application service provider such as TYR Systems.  Application service providers, or ASP’s, are companies that provide complete customized GIS services for a low monthly price, usually based on the services desired and the amount of incidents within a jurisdiction.  The services provided vary greatly from simple pin maps delivered via fax, to intranet system hosting allowing officers to create their own maps, and more advanced analysis techniques and internet crime map hosting.  Besides the savings in software, hardware and training costs, other benefits of ASP’s include expert crime analysis and problem solving assistance, maps on demand, and technical assistance.  Like other outsourcing options, the biggest problem associated with ASP’s is the potential security or privacy issues.  However, unlike other outsourcing options, an ASP is a business that focuses on providing GIS services to law enforcement agencies, thus they are far less likely to have security or privacy problems than other outsourcing options.  Minimum hardware requirements vary greatly depending on the services an agency desires, but generally are minimal such as a basic computer, printer, and internet connection..  An ASP is best suited for a wide array of agencies, ranging from those wanting to experiment with GIS to those with advanced analysis requirements and those wishing to minimize costs of software, hardware and training, to those to whom costs is not an object. 

Spatial Analysis of Small/Rural Jurisdiction Crime Patterns


While little research has dealt with issues relating to the implementation of GIS in small and rural agencies, even less discussion has concerned the issues and problems associated with conducting spatial analysis of crime events in small and rural jurisdictions.  This section of the paper will serve as a review of the issues and problems associated with using spatial analysis techniques developed for large urban areas to analyze crime in small and rural jurisdictions.  Specifically, this section of the paper will use crime data from a small rural police department to assess the applicability of several standard spatial analysis techniques to rural crime patterns.  Spatial analysis techniques to be reviewed in this section include hot spot analysis, kernel density interpolation, and buffer zone analysis.


The data used in this study come from Boone, NC, a small and rural university town of approximately 14,000 full time residents located in the picturesque mountains of western North Carolina.  The data informing this research were received from the Boone Police department in a standard .dbf format and consist of all 169 crime incidents that occurred within the jurisdiction of the Boone police department in the month of December 2000.  Crime events were entered into the GIS through a combination of standard geo-coding and by using a GPS to find coordinates of locations that did not match through the geo-coding process.  Finally, the various statistical techniques used in this analysis were conducted using Crimestat 1.1 and Arcview 3.x.  

Hot Spot Analysis


One of the most popular spatial analysis tools used by crime analysts is hot spot analysis.  Hot Spot analysis is a technique for determining if there are statistically significant clusters of crime incidents.  Specifically, hot spot analysis identifies groups of crime incidents that are spatially closer than would be expected by chance (Levine, 1999).  However, while hot spot analysis is an extremely popular spatial analysis technique it is very difficult to define exactly what a hot spot is for practical purposes (Harries, 1999).  Currently a great deal of confusion surrounds the definition of a hot spot with no established definition currently existing.  The confusion surrounding hot spots stems largely from attempting to define how many incidents are required in an area for it to be considered a hot spot.  Further complicating the process is the impact that both time and scale have on hot spot determination.  In particular, over what period of time and at what scale of measurement is an area a hot spot.  A complete discussion of all of the issues surrounding the definition of a hot spot is beyond the scope of this paper, and thus the discussion will focus on guidelines for determining hot spots for small and rural crime jurisdictions.  


In determining the optimum number of incidents required for a hot spot, Harries (1999) suggests that jurisdiction specific procedures make the most sense.  In other words, local conditions such as jurisdiction size and crime frequency along with time factor heavily into a local definition of a hot spot.  For small and rural jurisdictions, hot spot determination is most heavily impacted by both jurisdiction size and crime frequency.  With crime frequency being much lower and search areas much smaller in small and rural jurisdictions than in large urban jurisdictions, the threshold for an area to be considered a hot spot is also much lower.  Thus, while the Crimestat default of a minimum of 10 incidents for a hot spot may be appropriate for large urban jurisdictions, it is too high a minimum number for most small and rural jurisdictions.  In the case of Boone, 10 crime incidents represent approximately 24% of the average weekly number of crime incidents that occurred in the study period of December 2000.  Thus, in order to make hot spot analysis applicable to the crime patterns of Boone, and other small and rural jurisdictions, a lower minimum points per cluster number had to be devised.  

The procedure that was used to derive the minimum points per cluster was to take the average weekly crime incidents and multiply it by .05 in order to arrive at a figure that represented 5% of the weekly average of crimes.  Importantly, the figure of 5 percent was used because it represents a number of crimes that is unlikely to occur in a small area by chance alone, yet is not so large a number as to obscure actual hot spots of crime.  In the case of Boone, the minimum points-per-cluster was 3 crimes.  Crime incidents were then broken down by week and hot spot analysis done on a weekly basis with the hot spot results being overlaid.  Finally, analysis was done of the weekly hot spots to determine if there were any areas that consistently represented 5% or more of all crime incidents.  Those areas in which there was overlap of weekly hot spot results were considered hot spot areas.  Importantly, by comparing weekly hot spot results it is more likely that the resulting hot spot areas are true problem areas as they show a consistent convergence of at least 5% of the crime in the jurisdiction.  Figure 1 shows the results for Boone.  In looking at Figure 1 it is apparent that there is one area near the University that qualifies as a hot spot location and another area to the southeast of the University that comes close to hot spot designation.  It is important to note that while the 5 percent figure is a good guideline for most small and rural agencies if the minimum points per cluster is two or fewer incidents hot spot analysis is essentially unnecessary as the hot spots may not actually be “hot”.

Kernel Density Interpolation


Another popular crime analysis technique is kernel density interpolation.  As with hot spot analysis, kernel density interpolation is a method for determining high concentrations of crime within a jurisdiction.  Whereas hot spot analysis creates ellipse that encircle a high concentration of incidents, kernel density interpolation creates a density estimate for an entire area showing where the highest concentration of incidents are located (Levine, 1999).  Kernel density interpolations work by placing a smooth surface over a each incident location and measuring the distance from each point to the center of a grid cell and then summing the value of all the surfaces for that location (Levine, 1999).  Importantly, while deciding the minimum number of points is essential to creating hot spots, deciding on the appropriate bandwidth is crucial in conducting a kernel density interpolation (Silverman, 1986).  The choice of bandwidth is important because it determines the amount of smoothing applied to the point patterns.  Large bandwidths will produce a smooth map, whereas small bandwidths will produce a spikier map with more local variations in intensity levels (Anselin, Cohen, Cook, Gorr, and Tita, 2000).  Thus, because of the smaller geographical areas and fewer crime incident locations of small and rural jurisdictions different bandwidth sample sizes are needed than those used in larger more urban jurisdictions.  Specifically, for jurisdictions that are both small in total geographic extent and have relatively few crime incidents smaller bandwidth sample sizes should be used to create a more accurate depiction of the density of incident locations.  

Figure 2 illustrates the differences in kernel density interpolation output for Boone, NC when three different bandwidth sample sizes are used.  In all three interpolations a single density estimation was conducted using Crimestat’s default “normal” method of interpolation and an adaptive bandwidth.  Importantly, a user also has the choice to conduct an interpolation with the “quartic” method of interpolation, which is often better at creating density maps when point distributions are sparse towards the outer regions of the analysis.  The first interpolation was created using the default sample size of 100 points and it produced a density map that placed the highest density of crimes within the area of Boone in which there is virtually no criminal activity occurring.  The second interpolation used a sample size of 50 points and produced a less smooth density map that is more sensitive to the locations in which there are high concentrations of crimes.  However, as with the first interpolation, this second map also characterizes an area in which no crime is occurring as a high-density crime area.  The final interpolation used a sample size of 25 and produced a map that is most sensitive to the distribution of crime incidents of Boone.  Agencies are encouraged to experiment with bandwidth sample sizes, choosing smaller sample sizes that better fit there crime distribution.  It is important to note that kernel density interpolations should be avoided if crime distributions are very low, as the densities may have a tendency to be artificial.  

Buffer Zone Analysis


The last analysis technique that is commonly used in crime analysis is called buffer zone analysis.  Buffer zone analysis involves placing a zone around a geographic feature that has some analytic significance, such as bar locations in a college town (Harries, 1999).  Importantly, in placing buffer zones around geographic features the crime analyst usually defines the buffer distance based on some sort of investigative or legal standard.  For instance, sexual predator laws may require that registered sex offenders cannot live within 1 mile of any primary school.  Thus, a crime analyst would place a one mile buffer zone around all the school locations within a jurisdiction and than overlay that with the residential location of all registered sex offenders to determine if any are violating the law.  While this analysis technique appears to be a simple one, it is perhaps one of the most valuable analysis tools that a crime analyst has at their disposal, particularly for those in small and rural jurisdictions.  The importance of this analysis technique over others that have been discussed so far is that there is no minimum number of points necessary for buffer zone analysis to be effective.  Specifically, any department of any size, with any amount of crime can benefit from buffer zone analysis.  However, as with the other analysis techniques discussed there are some important considerations that should be made when conducting a buffer zone analysis in a small or rural jurisdiction.


The most important consideration in conducting a buffer zone analysis in small and rural jurisdictions is determining the size of the buffer zone.  While buffer zone analysis of one mile or more are not uncommon in large urban areas to determine the extent of crimes, such a buffer zone in a small jurisdiction would be highly impractical.  Specifically, a buffer zone of one mile around all bar locations in Boone NC would provide no analytic value, as all but six of the 169 crime incidents in Boone occurred within a mile radius of a bar location (Figure 3 map A).  Careful thought needs to go into the creation of buffer zones so that they provide valuable analytic information to the crime analyst.  As figure 3 shows, map B represents a much more practical and informative buffer zone analysis of bar locations in Boone, with buffers of 500 feet encompassing three hot spots of crime close to the University.  Importantly, the key to effective buffer zone analysis is common sense in buffer zone distances.  Crime analysts should be aware of the size of their jurisdiction and make buffer zones that are in proportion to the size of their jurisdiction so as to maximize the investigative information of buffers.

Conclusion


Although many small and rural agencies desire to use GIS and can benefit greatly from its capabilities, difficulties in the implementation and use of GIS have prevented them from doing so.  While following the advice in this paper will not guarantee the successful implementation and use of GIS, a sound discussion of the issues and problems presented here will make successful implementation and use far more likely.  In implementing GIS small and rural agencies are encouraged to explore fully all of the issues they have concerning integration of GIS, end users, GIS management, data issues and what will be mapped in order to delineate their exact needs and requirements in a GIS.  Furthermore, agencies should be cognizant of the issues that they will face in terms of training and upkeep with the GIS, as these are essential to successful use of GIS and continued satisfaction with GIS products.  Moreover, agencies must make sure to take into account local variations in crime patterns when conducting spatial analysis.  While the guidelines concerning conducting analysis are instructive and informative for small and rural agencies, each agency must experiment on their own to determine the best way to analyze crime in their jurisdiction.  Finally, agencies must be sure to persevere in their implementation and analysis set-up, as the benefits of GIS analysis are well worth the struggle.
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[image: image2.jpg]Figure 2. Kernel Density Analysis
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