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Abstract: Exploratory Spatial Data Analysis (EDSA) is applied to the diffusion of residential burglaries in Tokyo, which was caused by new lock-breaking tools, called “lock-picking”.  The official crime records of residential burglaries and breaking and entering in the 23 wards in Tokyo from 1996 to 2000 (n=41151) are aggregated by census tract and then matched with the national census data in 1997.  House type specific burglarized rates are calculated based on the number of crimes and households for detached house, high- and low-rise collective house.  The burglarized rate increased only for high-rise collective house with prevailing new lock-breaking tools.  Global and local Moran’s I statistics using revealed that clusters for detached house burglaries are most significant and static, while those for high-rise collective house burglary has moved after diffusion of lock-picking.  Other findings are reported and discussed.
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1. Introduction

1.1. Spatial Analysis in Criminology

Spatial patterns of crime are paid attention by both practices and researchers in law-enforcement and criminology.  Detecting frequent victimized places or neighborhoods, called hot spot, makes law-enforcement more efficient by allocating more patrolling and other crime prevention resources where more crimes occur.  Researchers have tried to reveal the causes of delinquency by examining neighborhood characteristics where hot spots appear.

In 1920’s, the Chicago school sociologists such as Shaw and Mckay(1942) showed that residences of locations of delinquent’s residences and crimes concentrate in the city center where poor environment such as slum remain.  They made the map of these delinquencies by hand plot.  

Recently, geographic information system (GIS) contributed to plot crime location quickly and precisely.  In GIS, locations of crime can be plotted on the digital map automatically using techniques called address matching, while hand plotting demands large amount of human resources.  It also enables dialogic and exploratory analysis focusing variables such as crime type, victims, date and time by querying database and redrawing maps.

1.2. Global Spatial Autocorrelation
The other remarkable, but seems to be overlooked merit of GIS is that it enables quantitative analysis of spatial data.  The locations of crimes can be translated into x and y coordinates, and then provides statistical analysis based on their spatial relationship.  The spatial pattern of crime should be examined by spatial statistics rather than subjective visual inspection of maps.

Spatial autocorrelation is one of the most fundamental concepts in spatial statistics.  Cliff and Ord (1973) define spatial autocorrelation as ‘If the presence of some quantity in a county (sampling unit) makes its presence in neighboring counties (sampling units) more or less likely, we say that the phenomenon exhibits spatial autocorrelation‘.  Spatial autocorrelation exists when the values of a variable is associated with the values in neighboring geographic areas.

In the history of spatial statistics, global spatial autocorrelation was introduced earlier than local spatial autocorrelation. One of the most frequent used measures of global spatial autocorrelation is Moran’s I (Criff and Ord,1973).  It is given by 
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where 

N is the number of observations,

Wij is an element of spatial weight matrix corresponding to the observation pair i.j,

Xi and Xj are observations for locations i and j

Moran’s I ranges between –1 and 1 as well as Pearson’s correlation coefficient.  Positive spatial autocorrelation indicates that areas that have similar values are clustered in space, while the similar areas are dispersed in negative spatial autocorrelation.  If no autocorrelation is present, the expected value of I is -1/(n-1).  Significance of spatial randomness can be tested through calculating z-value.

In the spatial weight matrix, the pairs of observations that are assumed to correlates such as neighbors have non-zero value, while the other pairs have zero values.  Several ways to assign spatial weight matrix are suggested.   The “Spacestat” software developed by Anselin(1999) implements “rook” and “queen” assignments.  In “rook”, the pairs of areas which share boundaries should be assigned 1 and the other pairs have zero values.  In “queen”, the pairs of areas which share boundaries or corners should be assigned 1, and the other pairs zero values.  The “CrimeStat” software developed by Levine(1999) uses inverse of distance between the two observations as the elements of matrix.

Global spatial autocorrelation has been examined by some researches using counties and neighborhood’s crime rate.  Messener et al.(1999) illustrated significantly positive spatial autocorrelation in county homicide rates around St. Louis city.  Levine(1999) revealed spatial clustering of car thefts in Baltimore through calculating Moran’s I using his CrimeStat software.  In his analysis, positive spatial autocorrelation was caused by the fact that much crimes concentrate in central business districts rather than suburbs.  Kamber et al.(2000) compared the difference in Moran’s I among crime types in the Brooklin, New York.  

1.3. Local Spatial Autocorrelation

Global spatial autocorrelation statistics such as Moran’s I and Geary’s C are used frequently to indicate spatial clustering for a whole studying area.   On the other hand, it is criticized because it provides no information how each points or regions contributed to significant spatial patterns.  Namely, hot spots cannot be detected by global spatial autocorrelation.  Anselin(1995) then suggests LISA, an acronym of local indicator of spatial autocorrelation, which evaluates significant spatial clusters of similar values around a local observation.  He also suggests Local Moran as a measure of LISA corresponding to Moran’s I. 

Local Moran (Lmoran) is given by 
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where

zi and zj are the deviation from the mean.

Wij is the spatial weight matrix.

     The local Moran assesses the degree of spatial autocorrelation at the point or area of interested by comparing its value with those at neighbors. Thus, each observation has it’s own local Moran value, whereas only one global Moran’s I is given for whole observations.

The Moran scatterplot is used to summarize the local spatial autocorrelation. The values of a variable for local and neighbor pairs are plotted used a two dimentiononal euclidian space: local standardized value for x-axis and the weighted average in neighboring areas for y-axis.   The dot in Moran scatterplot represents each observation in the studying areas.

In the Moran scatterplot, the four quadrants whether dots are plotted show degree of local spatial autocorrelations. 

(1) high-high, for areas with high values that are also surrounded by high value areas.

(2) high-low, for areas that have high values, but are proximate to low value areas.

(3) low-high, for areas that have low values that are proximate to low value areas.

(4) low-low, for areas with low values that are also surrounded by low value areas.
In interpreting neighborhood’s crime rate, these four categories shall be recognized as below.  The neighborhood which falls into high-high quadrant indicates that not only the neighborhood of interest but also surroundings are the crime hot spots at the same time.  The neighborhood in high-low quadrant indicate can be an origin of diffusion of crime as more crime occurred in the area expand near neighborhoods.  The low crime rate areas in the high crime neighborhoods can be treated as so-called “cold spots”, in contrast to hot spots.   Some crime prevention factors can exist in these low crime neighborhoods.  Although these former three categories are informative for law-enforce agency, the last quadrant, low-low, does not always needs to be paid attention.

 Local Moran can be visualized by thematic map, which is called Moran scatterplot map, in which the significant areas are colored according to the categories.   The Moran scatterplot map will reveal hot and cold spots.

Anselin (1994,1995) suggested these procedures using global and local Moran statistics and Moran scatterplot map as Exploratory Spatial Data Analysis (ESDA).  Messener et al.(1999) examined spatial pattern of county homicide rates through ESDA.  Cohen and Tita (1999) also revealed diffusion in homicide in Pittsburgh.  Cork(1999) shows diffusion of crack markets and the guns among youth associated with homicide.

1.4. Diffusion of Residential burglaries in Tokyo

The Tokyo Metropolitan Police Department (Keishicho) has faced increasing residential burglaries and breaking and entering in these years.  More 70% crimes were reported in 2001 (n=17,393) than that in 1996 (n= 10,383).  The victimized rate, defined as number of reports per 1,000 households, also raised from 3.0 in 1996 to 4.7 in 2001.
This contagion of burglaries was caused by a new way to unlock doors, called “lock-picking”, using tiny metal tools like needles illustrated in Figure 1.  This new techniques were introduced mainly by non-Japanese-national theft groups.  Not only individual offenders but also theft groups burglarized certain amount of houses, especially aged and collective housing, which still have the old type of locks.
<< Insert Figure 1 Here>>

Such a massive diffusion of crime caused by widespread of new technique is the first experience for law-enforcement agency in Japan.  The main purpose of this paper is to examine the changes in spatial patterns of residential burglaries using EDSA approach.

One of the research questions is whether residential burglaries shifted geographically by contagion of lock-picking.  Previous researches report that the hot spots moved according to the changes of offenders, targets, and way of offending.  This geographic relocation of crime, called displacement, will contribute investigative tactics of law-enforcement agency.

Another research question is whether spatial pattern is still significant even if the analysis is based on neighborhood’s crime rate.  Previous research by Shimada, Suzuki and Harada (2002) showed significant spatial pattern using number of crime aggregated by residential blocks.   However, the aggregation framework used in this research cannot eliminate the possibility this pattern is caused merely by concentration of targets such as population and targets.  We thus carry out analysis based on crime rate to control the target’s spatial pattern.

The other challenge in this paper is to evaluate the risks of being burglarized more precisely by classifying house type, whereas conventional researches uses only number of households to calculate neighborhood’s crime rate.   Discussions about residential burglaries in crimininology have focused both physical and social environments.  Newman (1972) stressed the roles of territoriality and natural surveillance in built environments through his “defensive space” theory.  Taylor, Gottfredson and Brower (1984) suggested that territoriality function brewed by the residences makes potential burglars away from their own houses.  Brown and Denty(1993) accessed the role of territoriality again by experiments in which offenders judges the risk.  On the other hand, the social factors other than built environments are focused by such as social disorganized theory represented by Sampson and Groves (1985).    Hirshefield and Bowers (1997) examined the relationship between social disadvantages and hot spots of burglaries using multi source census tracts data.  In this paper, we focus the feature of houses, namely detached house or collective house.  These features of houses are expected to effect not only physical but also social environments.   High-rise collective houses complex may have less territorial functioning than the streets occupied by detached houses.  Burglars may prefer specific type of building for the ease of offense.   Fortunately, both official crime reports and national census data distinguish the detached house and high- and low-rise collective house.  Thus, we can evaluate the risks of being burglarized for each house type, by subdividing both crime and census data.

2. Data and Method

The data are official crime records of residential burglaries and breaking and entering reported to the Tokyo metropolitan police department from 1996 to 2000.  We also used the national census data surveyed by statistics bureau of Japan in 1995.  The studying area is 23 wards in Tokyo, which covers both central business district and residential suburban area.

The crime records are aggregated by census tracts, which correspond to “Cho-aza”, one of the elements in address system in Japan.  “Cho-aza” is higher than “ban” which means residential block.  A census tract contains about 20 residential blocks and a thousand households.  “Cho-aza” seems to be appropriate aggregation size because demographic  characteristics are homogeneous within a “Cho-aza”, while cities or wards are too large to assume homogeneousness.  

The aggregated crime data are matched with census data to calculate local burglarized rate, defined as number of reports per 1,000 households.  The small-populated census tracts are excluded from the analysis because in details such as households by housing types are not opened.  Finally, 41151 records in the 2679 census tracts are used in the spatial analysis.
To examine the difference among housing types, we calculated house-type specific burglarized rates for detached house, low- (1-3 stories) and high- (more than 4) rise collective houses.  For example, burglarized rate in detach house is calculated through dividing the number of crimes took place in detached house by number of households who live in the same housing type. The house-type burglarized rate can evaluate the risk of risk being burglarized adequately based on the crime opportunity.  

Calculated burglarized rates are attached to the census tract polygon data supplied by Statistics Bureau of Japan, using ArcGIS ver8.1.   We then calculated global and local Moran’s I statistics for according to EDSA procedure.  This spatial statistic analysis was done with “SpaceStat 1.91” and the DynEDSA extention for ArcView3.0.  The weight matrix was created by the rook's definition of contiguity using census tract polygon data: that is, we consider two cells of a matrix to be neighbors if they share a common boundary.
3. Result

3.1. Summary statistics of residential burglaries

Tables 1 shows number of households derived from national census in 1995, number of residential burglaries during 1996 to 2000 derived from police records, and burglarized rate per 1000 households.  Low-rise collective houses have highest risk in total five years.  However, the yearly changes should be mentioned.  Changes in burglarized rates during 5 years are shown in Figure 2. Most remarkable change is that burglarized rate in high-rise collective house tripled, while they didn’t change in detached and lower collective houses.  The burglarized risk shifted from low-rise to high-rise collective houses in these 5 years.  Especially, burglarized rate in high-rise collective houses spiked from 1998 to 2000 when lock-picking was introduced.

<< Insert Table 1 Here>>

<< Insert Figure 2 Here>>

Figure 3 presents the histograms of census tract’s burglarized rates for each housing types.  The average of burglarized rate is 19.3 for detached house, 21.4 for low-rise, 19.0 for high-rise collective house.   The most frequent classes of burglarized rate are around 10 and 15.  It also shows that around 5% of census tracts (n=125 for detached, n=130 for low-rise and n=138 for high-rise) were burglarized more than 50 times per 1000 households.  These neighborhoods have higher risk of residential burglaries in consequence of concentration of crime.  The spatial distribution of high-risk neighborhoods will be discussed in section 3.2 and 3.3.

<< Insert Figure 3 Here>>

As noted above, yearly change of burglarized rate is noteworthy only in high-rise collective houses.  Figure 4 indicates yearly-changes of cumulative distribution of burglarized rates in high-rise houses.  In 1996, 1666 neighborhoods of 2779 (60.78%) are free from high-rise house’s burglaries and only 102 (3.1%) neighborhoods exceed the rate of 5.0.   The neighborhoods being not burglarized had almost halved during 5 years (n=839, 30.61%).  In 2000, a quarter of the neighborhoods (n=803) in studying area were burglarized more than 10 times per 1000 households.  Even 249 neighborhoods excess the rate of 20.  The figure also illustrate that the cumulative frequency curve parallel shifted from above to bottom during 5 years.  This seems means that the risk of burglaries increased in whole studying area rather than in some specific neighborhoods. 

<< Insert Figure 4 Here>>

3.2. Global spatial autocorrelation

At the first stage of EDSA, global spatial autocorrelations are calculated.  Table 2 shows the Moran’s I statistics for three variables: number of households, number of residential burglaries and burglarized rates.

<< Insert Table 2 Here>>

Moran’s I for number of households and residential burglaries range between 0.4 and 0.6, which indicate significantly positive spatial autocorrelations.  As for the number of households, low-rise collective houses are most significantly clustered, while high-rise houses are relatively dispersed than other two house types.  This difference in spatial patters seems to be caused by the city planning regulations and socio-economic conditions.  In studying area, there are several huge public-housing complexes such as Takashimadaira in Itabashi wards and Nishi-Kasai in Edogawa wards.  Also, private-owned high-rise collective houses tend to locate in convenient areas near the stations.   These neighborhoods where many high-rise collective houses locate are spatially dispersed and then make spatial autocorrelation less significant.  On the contrary, low-rise houses, which do not depend on the social and built environment, can be easily widespread than high-rise collective houses.

Moran’s I statistics for burglarized rates are also statistically significant, though the degree of clustering is less than those of number of households and residential burglaries.  It is well known that aggregated numbers of crime have the spatial distribution of targets such as populations or households have certain spatial patterns.   This finding makes it clear that the spatial concentration of crime is caused by not only the concentration of the targets but also some other factors which effects crime.

Spatial pattern of crime rates are most significant in detached houses (I=0.41, z=34.7, p<0.01).  As shown in Figure 5, detached houses in west part of Tokyo were more frequently victimized than ones in east part.  Visual inspection of thematic maps helps to recognize the global spatial autocorrelation.

<< Insert Figure 5 Here>>

Tables 3 presents yearly changes of Moran’s I by house type.  The degrees of spatial autocorrelation raised slightly in high-rise collective house, while it decreased in low-rise houses.  This trend that spatial pattern of high-rise house burglaries became more preeminent meets with the prevailing of burglarized neighborhoods already shown in Figure 4.

  << Insert Table 3 Here>>

3.3. Local spatial autocorrelation

We secondly examined local Moran for each period and house type to detect hot spots.  Figure 6 shows the examples of Moran scatter plots for detached and high-rise house burglarized rates.  The dot in the scatterplot represents each observation, census tracts.  The x-axis shows the local standardized value and y-axis the weighted average in neighboring areas.  The upper-right quadrant includes the census tracts where both local and neighbor crime rate are above the average (high-high).  The lower-right quadrant includes the high crime census tracts surrounded by low crime areas (high-low).  On the contrary, the higher-left quadrant includes census tracts whose crime rate is below mean surrounded by high crime areas (low-high).   Tables 4 represents the number of neighborhoods whose local Moran is statistically significant by house type.  The high-high clusters for detached house burglaries are larger than those for collective house burglaries.  Instead, high-low and low-high clusters are relatively remarkable for collective house rather than detached house.  This difference can be explained by the degree of global Moran’s I.  The clusters for detached house may be larger, but less in number.  On the contrary, the clusters for collective house burglaries may be smaller, but much in number. 

<< Insert Figure 6 Here>>

<< Insert Table 4 Here>>

Figure 7 presents the Moran scatterplot maps for burglarized rate based on the categories discussed above.  Only statistically significant census tracts are colored.  The high-high clusters for detached house are widely distributed in west part of studying area such as Setagata, Meguro, and Shibuya wards.  As shown in Figure 5, the global autocorrelation that burglarized rate are higher in west part than in east leads to produce many significant high-high clusters in the west part.  Some local clusters are detected as for both high-rise and low-rise collective houses, although their areas are not so large as in detached houses.  “High-High” clusters for low-rise houses burglaries locate not only in central business districts such as Shinjuku and Ikebukuro, but also in suburban areas in Edogawa and Katsushika wards.  Spatial pattern of high-rise houses burglaries appears to resemble that of low-rise.  The cluster exists mainly in Shinjuku, Shibuya and Edogawa wards, both central business districts and suburb residential area.

<< Insert Figure 7 Here>>

The noteworthy spatial patterns derived from local Moran scatterplot map is that clusters are along some roads and railway lines.  The clusters for detached house burglaries locate along some private railway line.   The clusters for high-rise burglaries in Shibuya and Meguro wards locate along one of the circle arterial roads surrounding central Tokyo.  Also, the clusters in Arakawa, Adachi and Katsushika wards lay along another railway line.

The last research question is to examine spatial displacement of residential burglaries before/after lock-picking.  The yearly changes of clusters in high-rise houses burglaries are examined, as the change in number is most remarkable. Figure 8 represents the Moran scatterplot map for high-rise collective house burglaries in 1996, 1998 and 2000.   In 1996 and 1998, before prevailing of lock-picking, the clusters existed around Shinjuku, one of the most busiest central business districts.  After epidemic in 2000, they appear in Edogawa Ward, where many collective housing complexes gather.   Table 5 summarizes the changes of census tracts in high-high clusters, namely hot spots, of high-rise residential burglaries.  The hot spot neighborhoods in Shinjuku ward remained high level until 1998, and then almost disappeared in 2000.  Instead, the hot spots emerged in Itabashi ward in 1999, and they shifted in Edogawa ward in 2000.

<< Insert Figure 8 Here>>

<< Insert Table 5 Here>>

4. Discussion and Conclusion

In this paper, we applied ESDA approach to diffusion of residential burglaries in Tokyo, caused by new way to break door, lock-picking.  Combining spatial statistical technique and visualization using GIS enables quantitative and objective analysis in examining significant spatial patterns of crime and detecting hot spots, while conventional crime analysis still remains in subjective visual inspection of plotted map.   This is one of the earliest attempts of exploratory spatial data analysis in Japanese criminology, which uses large amounts of official police records and national census data.   Also, spatial shifts of hot spots tracked properly because census tracts are used as aggregation units, while almost of previous researches uses cities or counties. 

One of the purposes in this paper is to clear whether spatial patterns of residential burglaries are caused by spatial distribution of potential targets, or by other neighborhood characteristic.  The finding that spatial autocorrelations for not only aggregated number of crime but also crime rate are significantly positive leads to the tentative conclusion that some factors other than targets proximity contribute spatial clustering of crime.  

This paper also evaluates the difference of risks being burglarized among house types, and revealed that the burglarized rate only in high-rise collective houses explode after lock-picking diffusion.   Some plausible explanations can be applied.  One is that less preventional factors, namely territorially, social ties and chances of natural surveillance, exist in the high-rise collective houses than other house type, as some city planners and civil engineers pointed out.   The other aspect is that offenders prefer high-rise collective houses because more households have same type of door lock in one building, which reduced offender’s cost in searching targets.  In the diffusion of high-rise collective house’s burglaries, the hot spots emerged in Itabashi ward and shifted to Edogawa ward.  Both of them are characterized where huge housing complexes locate.  The hot spots remain in the same place for about one year, perhaps thanks to local authorities recommends to replace the lock, easiest way to harden targets.

Unfortunately, spatial patterns discussed in this paper are restricted to answer the next research question, what kind of socioeconomic or environmental factors enhance neighborhood’s crime rate.  Spatial autocorrelation analysis can be expanded to spatial regression, which add the spatial relationship to convention regression model.  In fact, Researches in U.S. such as Kamber et. al (1999) and Morenoff et. al (2001) demonstrated that the regression model with spatial lag improved rather than ordinary regression model.  It awaits further researches to reveal the complex relationship between neighborhoods and crime. 
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Figure 1: Tiny metal tools used to “lock-picking”
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Figure 2: The changes in burglarized rate in Tokyo
 by house type 

Figure 3: Histogram of burglarized rate by house type: 5 years total
[image: image9.wmf]Year

I

z-value

I

z-value

 I

z-value

1996

0.21

18.0

**

0.17

14.1

**

0.04

3.5

*

1997

0.23

19.6

**

0.15

12.9

**

0.09

7.5

**

1998

0.25

20.9

**

0.07

6.0

**

0.16

13.5

**

1999

0.23

19.6

**

0.06

5.0

**

0.14

11.8

**

2000

0.15

12.7

**

0.07

6.0

**

0.12

10.4

**

Detached House

Low-rise Collective

House

High-rise Collective

House

Table 3: Moran痴 I tests for yearly burglarized rates�

 
Figure 4: Cumulative frequencies of yearly burglarized rates of high-rise collective houses: 1996—2000
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Figure 5: Spatial pattern of burglarized rates 
by house type
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burglary

Year

Number of
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Figure 6: Examples of Moran Scatterplots, 
burglary rates in detached houses (top) and 
high-rise collective houses (bottom)
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Figure 7: Moran scatterplot maps for burglarized rates 
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by house type
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Figure 8: Moran scatterplot maps for high-rise collective house burglaries in 1996, 1998 and 2000
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