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CRIME ANALYSIS MAPPING IN INDIA: A GIS IMPLEMENTATION IN CHENNAI CITY

K. JAISHANKAR & S. SHANMUGAPRIYA

ABSTRACT

             In India, though Police agencies of Bangalore, Hyderabad, Goa, Mumbai, Delhi and Kerala uses customized GIS, the application of GIS in Indian policing is still in a rudimentary stage. There is a need to apply this potent technology in Indian policing and the present study was done as a model for the implementation of GIS in Indian policing.  The aim of the present study is to analyze the crime scenario of Chennai City by using GIS technology. 

 

GIS software such as PC Arc Info 3.5, Arcview 3.1 and Crime Stat 1.0 were used in the present study. Data pertaining to the property offences were only taken for the years 1997 and 1999. The crime data were classified under the group of property offences as Robbery, Grave theft, House breaking (day), House breaking (Night), Chain snatching. The distribution of crime incidents showed that almost all parts of the city are affected by nefarious activities. Except for a few pockets and the forest cover zone in the down south, the whole of the city is witnessing crime incidents. 

The GIS analysis done are Hot spot analysis, Buffer analysis, Index of Concentration, Demographic Analysis, Digital elevation models etc., In the description and analysis of these maps the researchers succeeded in identifying and demarcating hotspots of crime, displacement of crime, and illustrating the relationship between the mapped crime pattern and the socio-economic characteristics of the city. 

On the practical level, the results showed that, the Indian police departments could utilize GIS instead of traditional pin maps. This study was submitted to the Police 

Commissioner, Chennai for further evaluation and implementation. Based on the suggestions given by the authors of the present study, The commissioner of Police,Chennai city have purchased two licenses of Arcview 3.2 and GIS implementation 

have started in the Computer cell of the Police Department of Chennai, India.
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INTRODUCTION:

      
GIS has evolved as a powerful analytical tool in the last two decades. Due to the slashing down of prices of GIS software, this technology is now easily available to any organization and individual. It is now commonplace for Business, Government and Academics to use GIS for many diverse applications. Some of the applications of GIS are: Environmental application, Transport application, Municipal application, Engineering application, Forest development and Management application, Military application, Police application, Marketing Management application and Academic Research application. Still various efforts are taken by GIS scientists to find out the application of this potent technology in several areas.   
      
GIS technology is finding many applications within the police agencies across the developed and developing countries. In United States and other developed countries, GIS is used for policing in a successful manner. In US a Crime Mapping Research Center (CMRC) was established under the US Department of Justice in the 90’s for assisting the police and crime analysts. Now the CMRC has emerged as an authority in the field of crime mapping. In India, though GIS is applied in all fields mentioned above, the application of GIS in policing is still in a rudimentary stage.  

GIS AND POLICING: 

    
 “Why does it make sense to map crime? Our goals are to reduce and prevent crime, to reduce suffering  by victims, to punish guilty, and to direct our limited resources where they can do the most good.  Mapping helps us to achieve these goals.  Mapping enables us to identify crime-ridden areas to not only direct resources, but ultimately to reduce crime and prevent new crimes from occurring”. (Reno Janet, 1999)

     
 In policing, decision-making is always constrained, influenced or dictated by some facts of Geography. Precinct boundaries, beats, and incident locations are all tied to geography. From pin maps to beat maps, mapping has always been part of law enforcement. GIS is just a logical extension of the types of things that law enforcement agencies have always done. Now these tasks can be accomplished in a more timely fashion. Mapping Crime can help law enforcement agencies to protect citizens more effectively in the areas they serve.  Simple maps that display the locations where crimes or concentrations of crimes have occurred can be used to help direct patrols to places they are most needed. 

 Policy makers in police departments might use more complex maps to observe trends in criminal activity and maps may provide invaluable in solutions in the investigation of criminal cases. For example, police may use maps to better understand the hunting patterns of serial criminal and to hypothesize where those offenders might live.  Using maps that help people visualize the geographic aspects of crime, however, is not limited to law enforcement; mapping can provide specific information on crime and criminal behavior to the politicians, the policy makers, the press and the general public. (Saddler, 1999) Geographical information plays a great role in establishing effective control, providing timely direction and shaping meaningful policies for policing. So GIS is an effective tool that can be used in the police decision and policy making. 

     
Law enforcement has always been about information management and especially about location information. Traditional law enforcement approaches--confidential informants, street investigations, and undercover operations--really deal with data collection. However, data collection without data analysis is useless. Not only does GIS allow integration and analysis of 

data to identify, apprehend, and prosecute suspects, it aids more proactive behavior through effective allocation of resources and better policy setting. (Nelson Lew, 1999)

      Though computer mapping has been used as a tool for law enforcement since the 1970s, in many countries, the use of GIS has increased exponentially in the last decade with the availability of more robust and user-friendly desktop GIS applications. This powerful technology enhances the ability of the police and crime analysts in simple mapping of the crime to, the apprehension of serial criminal by the usage of advanced criminal geographic targeting models. The feature of GIS that fascinates the police is its ability to swiftly and dynamically represent the crime from a variety of spatial perspectives. This technology supports a broad variety of problem solving and spatial decision-making applications in crime and crime locations. (Saddler, 1999)  The ability of GIS to query over political boundaries improves utilization of databases and is far more efficient than paper document-based searches or straight database searches. Briefly put, GIS lets agencies utilize more information more intelligently. (Nelson Lew, 1999)
STUDY DESIGN

AIM OF THE STUDY:

     The aim of the present study is to analyze the crime scenario of Chennai City by using GIS technology and develop a model for the implementation of GIS technology in Indian Policing.

OBJECTIVES:

1.   To analyze the crime and criminal activities in Chennai city by mapping

2.  To create a spatial and attribute database for the crime scenario of Chennai City   in a    GIS environment

3. To identify hot spots and analyze spatio-temporal patterns of crime and criminals of Chennai City

4. To highlight the potency of GIS as a mapping and analytical tool for the effective policing of crime in India.

 CRIMINOLOGIC QUESTIONS 

     The research sought to determine if GIS could be used to generate data useful for answering the following questions: 

1. Where are the property crimes occurring in Chennai City?

2. Where are the criminals residing?

3. Does the residence of the criminal and place of occurrence of crime vary?

4. Which are the crime prone localities in Chennai City?

5. Which are the criminal prone localities in Chennai City?

6. Is there any proximity of crimes with police stations?

7. Is there any proximity of crimes with major roads?

8. Is there any spatial variation in property crimes occurring in Chennai City?

9. Is there any temporal variation in crimes occurring in Chennai City?

10. Is there any displacement in crimes temporally in a particular area?

DESCRIPTION OF DATA USED:

     The present study mainly relied on secondary data. Data pertaining to the property offences are only taken for the years 1997 and 1999. The crime data were classified under the group of property offences as Robbery, Grave theft, House breaking (day), House breaking (Night), Chain snatching and automobile theft. 

The data contributors are:

     The crime data were collected with the help of Police commissioner, Chennai City from Crime Records Bureau Chennai City. Census data were collected from Municipal Corporation of Chennai. 

GIS METHODOLOGY AND ANALYSIS

     A City map of Chennai of the year 1997,with a scale of 1:25000 was scanned using Deskan flatbed scanner. A base map (Fig.1) consisting of Chennai City boundary, Police station locations, main road network, and ward boundaries were constructed by onscreen digitization in ARCVIEW and topology was constructed in ARC/INFO.

Fig.1.Crime Mapping Analysis – Chennai City – Base Map.
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Property Crimes were segregated into six types. Robbery, Grave theft, House breaking (day), House breaking (Night), Chain snatching and automobile theft. The locations of these crimes were taken from the records and the points were plotted as separate themes on the scanned raster map, in ARC VIEW. These shape files were converted to arc files in ARC/INFO for constructing topology, projection, and transformation of the coverages. Totally twelve coverages of crime data were obtained. These coverages are brought again to ARC/INFO. These coverages were superimposed on the ward boundary map to know number of crime incidents per ward. Attribute crime data were inputted in Microsoft Excel and brought in to ARC VIEW. 

RESULTS AND DISCUSSION

     The six property crimes taken for this study are clubbed together to get an annual picture of the crime of the city, for the years 1997 and 1999. (Fig.2, 3)

Fig.2.Chennai City Property Crimes -1997
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Fig.3.Chennai City Property Crimes –1999
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HOT SPOT ANALYSIS:

 
   When the hotspot analysis was done on few crimes individually to find the change over a period of time, the change seemed to be significant. Crimestat 1.0, carried this out. The hotspot locations had markedly changed. There exists not only a change in the location of the hotspots, but also in the areal extent enclosed by them. The numbers of hotspots have also shown difference over the time. These hotspots were drawn based on the nearest neighbor principle, with default of one standard deviation, which would cover 68% of the crime behind the formation of the hotspot. With the increase in the standard deviations to 2 and 3, the inclusion of crimes also increases to 85% & 95%, which is 

Visually comprehended by the increase in the size of the ellipses of the hotspots drawn. (Fig 4) 

Fig.4.Chennai City Snatching Hotspots –1999,Levels Of Standard Deviations
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              The map showing hotspots for both the house breaking at day & night (Fig.5) gives an interesting representation. The Hot spots of daytime housebreaks are confined to a smaller area in the west of the city; where as, the hot spots of night housebreaks are perceived in all parts of the city.  This result complies with general perception, that the posh area of Anna nagar and its Neighborhood areas are more prone to daytime House breaking. In this area there may be more office going persons and both husband and wife would be going for work. This may be one of the reasons making this place more daytime housebreaking prone. 

Fig.5.Chennai City – Hotspots of House breaking At Day & Night –1999
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     The results of temporal analysis made on the hotspots of housebreaks at night (Fig 6.) and Auto theft (Fig 7.), revealed that not only the locations of the hotspots had changed in 

two years, but also their number of occurrence have also changed. The hot spots of nighttime breaks have displaced their distribution towards the north and southern parts of city form their original position in the year 1997. Also their number of occurrences has decreased. But in auto theft, the numbers of hot spots have increased from 6 to 8. These hot spots cluster together again in the Anna nagar, Thirumangalam areas, making this area the worst affected part of the city. 

Fig.6.Chennai City –Hotspots Change over time, House Breaking at night
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Fig.7.Chennai City – Hotspots – Auto Theft (Temporal Changes 1997 ,1999)
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BUFFER ANALYSIS / PROXIMITY ANALYSIS 

      Buffers are the zones of interest around the selected entity. The extent of these zones depends upon the requirement of the study. The crime locations of snatching and robbery are superimposed on the buffers drawn on the roads for 500m, on either of its side. Only the major roads are taken for the study here. The above-mentioned crimes are generally perceived to be happening along the roads. The map (Fig.8) shows that almost equal proportion of crimes are falling within the buffer and out of the buffer zone. One reason for this may be because of the exclusion of minor roads and when it is the main corridor the escaping ways are limited when compared to that of the interior street networks where there are lots of twists and turns which makes the escape a easier one. Also patrolling will be more in the case of main roads. On the same buffer other crimes could also be superimposed to see whether there exist any relation between the crimes and the proximity of the roads.

        Fig.8.Chennai City –Property Crimes & Roads, Auto Theft & Robbery
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      The of K10, V2, R1, R4 Police stations and Anna nagar, Aminjikarai police stations area have a higher concentration of crimes  (Auto theft & Snatching) (Fig.9), within half a km radius from their location.  In the northeastern part of the city there is relatively greater no of police stations making their 500-m buffer merge together, with the crimes. In this area, the crimes are relatively lesser when compared to the strip of region between Virugambakkam in the west to Mylapore. The property crimes of Robbery and Housebreaks (day) (Fig. 10) are much less in number when compared when compared with other crimes. The daytime housebreaks do not show any significant relation to the proximity of police stations. But robbery seems to be distributed in the buffer zones of 250m & 500m surrounding the police stations in addition to their incidence in other areas. 

Fig.9.Chennai City –Police Stations Proximity And Property offences -1999
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     Fig.10.Chennai City – Proximity and Offenses- Robbery & House Breaks (Day)

[image: image10.jpg]CHENNAI CITY
POLICE STATIONS PROXIMITY AND PROPERTY OFFENCES
ROBBERY AND HOUSE BREAKS (DAY)

LEGEND
+ ROBBERY

- DAY BREAKS

« POLICE STATIONS
BUFFER AREA

0-250 MTS

250 - 500 MTS





CRIME AND DEMOGRAPHY: 

     Crime studies offer a better result when they combine together with the demographic data. A map of property crimes (1999), using graduated symbol was superimposed on the population map prepared for the city. This map (Fig.11) gives us the idea that with the increase in the population, the number of crime incidents also increases. Though this concept cannot be generalized, as there are exceptional cases with lower population and higher crime incidents, this holds good for most parts of the city. 

            Fig.11.Chennai City – Population And Property Crimes - 1999
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INDEX OF CONCENTRATION:

 The occurrence of robbery has considerably reduced from the year 1997 to 1999(Fig. 12) For example; the areas of very high concentration such as Koyembedu, Chinmaya nagar, Virugambakkam have become the low concentration areas in 1999. It should also be noted here, that the map of robbery 1999 does not include the high & very high concentration categories at all. In the map of house breaks (night) (Fig. 13) the above-mentioned areas and harbor area, in 1997, have undergone marked changes and they have become zero concentration zones in 1999. At the same time, Rajamangalam, Anna nagar, Villivakkam with a high concentration of nighttime breaks have become very high concentration zones in the year 1999. It should be noted and police patrolling should be increased in these particular areas. In the case of snatching in 1997 (Fig.14) T. Nagar, Harbor, George Town, Shenoy nagar, Anna nagar, Aminjikarai are the areas of very high concentration. In 1999 these areas have relatively lesser concentration. The relative picture obtained helps police personnel’s to concentrate more on the affected regions.

           Fig.12.Chennai City –Index Of Concentration – Robbery
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Fig.13.Index Of Concentration – House Breaks (Night)
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Fig.14.Index Of Concentration – Snatching (1997 – 1999)
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On the final analysis of these maps together with other maps indicate that the crimes have reduced in the year 1999 when compared to 1997. One of the main reasons might be the increase in the patrolling and other preventive measures taken by the police department.

SURFACE MODELING:

      The locations of property crimes are plotted on the surface interpolated for the criminal distribution (Fig.15).  The results reveal that the zone extending from the central north to farther south is almost free from residence of criminals but have a higher concentration of crimes.  The zones with higher concentration of criminals in the west (Koyembedu, Arumbakkam) and in the south Thiruvanmiyur, Shasthri nagar regions have a higher concentration of crimes as well.  

           Fig.15.Surface Modeling – Crime and Crime Distribution -1999
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ONSCREEN QUERY:

     One of the most advantageous applicability in using GIS for policing is on screen query. The attribute data of the crimes are linked together with the point locations on the map. If the police personnel want to see the details of a crime in a particular location, they can click on the point of the crime, on the map. (Fig.16)

Fig.16.On Screen Query –Results (Robbery), 1999
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DIGITAL ELEVATION MODELS: 

     The surface models of crime make the visual comprehension of the represented information an easier one.  The peaks in the model show a higher concentration of crime; similarly the flat terrain represents a lesser crime count. Though there are several ways of representing crime data 3-D views are always efficient in quicker transfer of information. Also the peaks could be easily identified when a complete city map overlies them and also when a satellite imagery of the city is available. The peaks of the crime incidents show a less significant change in the time between 1997 & 1999 (Fig 17 & 18). In the year 1997, the highest peak is found in the areas of Park Town & Elephant Gate, which is followed, by Perambur, Agaram, Villivakkam & T.V.K. nagar areas. In the year 1999, the areas with the highest peak remain the same whereas Vyasarpadi & Perambur areas occupy the next position.  The model (Fig.19) showing the distribution of the criminals indicate a higher concentration in the, mid-western, & Northern and southwestern part of the city.

Fig.17.Digital Elevation Model – Crime Scenario (1997)
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Fig.18. Digital Elevation Model – Crime Scenario (1999)
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Fig.19.Digital Elevation Model – Distribution of Criminals in Chennai City
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CONCLUSION:

             The findings of this study showed that using GIS is a much more compatible means of crime pattern analysis than current processes because of its geographic referencing capabilities. In the description and analysis of these maps the researchers succeeded in identifying and demarcating hotspots of crime, displacement of crime, and illustrating the relationship between the mapped crime pattern and the socio-economic characteristics of the city. On the practical level the results show that the police department can utilize GIS instead of traditional pin maps., 


Hence, it is proposed that, a National Crime Mapping Research Center (NCMRC) under the lines of US CMRC, should be created under the Ministry of Home Affairs in the Capital (New Delhi). All the states should have a State Crime Mapping Research Center (SCMRC) and it should be connected through a network with the NCMRC. GIS technology should be added to the curriculum of Sardar Vallabh bhai Patel National Police Academy, National Institute of Criminology and Forensic Science, Central Detective Training Schools, all Police Training colleges in India and Criminology Departments in Indian Universities. 

IMPLICATIONS:

     The present study of crime mapping analysis will be highly helpful in charting out frame work for police patrol planning and preventive measures; will help to increase their awareness of hot spots of crime. The present study will be a model for the implementation of GIS technology in Indian Policing.
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