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ABSTRACT 

Crime throughout the Tucson city area reaches six figures every year. Over ten 

percent of these crimes are considered to be violent: murder, aggravated assault, rape, 

and robbery. It is a widely accepted belief that violent crime is a factor of vulnerability in 

a neighborhood and can be found in conjunction with certain socioeconomic factors. In 

2020, a study conducted by the University of Arizona and the City of Tucson determined 

that five major socioeconomic factors determine the vulnerability of a neighborhood. 

These factors did not include crime, but the percentage of residents identifying as 

anything other than “non-Hispanic white alone”, percent of households who rent, rather 

than own, their homes, percent of residents aged 25 and over who lack a four-year 

bachelor’s degree or higher, percent of households with incomes below 80% of the Area 

Median Income (as determined by HUD), and the share of children that live in 

households below the official poverty line. This Master’s Project analyzes the five major 

socioeconomic factors along with violent crime statistics to determine whether 

vulnerable neighborhoods are also victims of violent crime. The analysis consists of City 

of Tucson crime reports between 2019 and 2021, spanning the time before and after the 

study was done to show that neighborhood vulnerability factors and violent crime are 

statistically significant to each other. Using spatial autocorrelation and regression 

analysis and ESRI’s ArcGIS Pro, violent crime can be associated with almost all factors 

of what is considered a vulnerable neighborhood. Analyses conducted include Kernel 

Density, Average Nearest Neighbor, Global Moran’s I, Geographically Weighted 

Regression, and Exploratory Regression. The results will be able to aid the City of 

Tucson in furthering its efforts to prevent violent crime throughout the city and aid the 

neighborhoods that need the most help. 
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ETHICS STATEMENT 

The ethics of GIS has always been a point of contention since the development 

of the subject, similar to any other science-based discipline. There will always be 

members of the group who take the authority given to them and use it for negative 

aspects, such as spreading biased information. In that regard, those utilizing GIS needs 

to follow a code of ethics. This code boils down to being honest with the data and 

ensuring that any maps or other products that are produced include all data points, 

regardless of their deemed important to the researcher, and are portrayed in a way that 

does not confuse or lead a reader to a distorted or untrue conclusion. Maps are often 

shared through social media and the information is taken at face value because 

mapmaking is not a widely practiced art throughout the world. It is easy for someone to 

produce a map with distorted land features, missing data points, or use colors to trick a 

reader into coming to a specific conclusion about a topic, especially when the reader 

does not have any prior knowledge about the subject. 

Analyzing crime statistics and determining the reason people face hardship will 

always cause concern throughout communities due to the inability of a researcher to 

conduct a study and directly influence the dependent variables of income, lifestyle, etc. 

It is impossible and immoral to study two children growing up in the same home and 

give one access to all available resources and restrict the other just to determine 

whether or not those resources are influencing their livelihood. This ethical dilemma 

causes concern in all science factions and is not a project-based issue. In addition, 

while this research is analyzing solely violent crime data in Tucson, there is the 

possibility that violent crime and generalized crime in Tucson do not occur in the same 

locations and the reader is missing a crucial point of view. Furthermore, there are 
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thousands of individual data points that it is easy to distract the reader from 

understanding where the hot spots are. To combat this, various map styles were 

produced to allow the reader a wider understanding of how the data can be understood. 

It is particularly important to ensure that the maps developed are allowing the reader to 

come to the same conclusion that the data is presenting and not influencing their 

viewpoint by changing the coloring into colors that are not representative of the severity 

of their influence or by removing data points that are considered erroneous without data 

to back it up. 
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INTRODUCTION 

Tucson is the second most populous city in Arizona, home to the largest aircraft 

boneyard in the world, and unfortunately also well known for its high crime rates. It has 

appeared on a wide variety of city lists, ranging from UNESCO’s Creative City Network 

for excellence in gastronomy to local news’ worst cities to live (Mancini 2017; Pela 

2017). Tucson is home to over 500,000 people and is increasing every year from 

influxes of residents escaping California and other northwestern states. It also 

experiences over 100,000 police incidents every calendar year (Hammond 2020). 

These crimes range from minor accidental calls to extremely violent crimes ones 

occurring all over the city. 

The Federal Bureau of Investigation has a Uniform Crime Reporting System that 

provides statistical data about crimes all over the country. From 2005 to 2020, they 

reported that the violent crime rate in Tucson dropped from a rate of 649.7 violent 

crimes per 100,000 residents to 473.5 (“Public Safety”). It is interesting to note that 

property crime occurs at a higher rate than violent crime throughout the city, but violent 

crime still occurs at a much higher rate than in the rest of the country, 366.7, for 

example in 2019 (“2019 Crime in the United States”). Additionally, of the 1.2 million 

violent crime incidents that occurred throughout the United States in 2019, 12,000 of 

those came solely from the city of Tucson (“2019 Crime in the United States”). For even 

more perspective, the Tucson Metropolitan Area has the 18th highest crime rate out of 

all the metropolitan areas in the United States, while Phoenix is 43rd (“2019 Crime in 

the United States”). Compared to similarly populated cities, such as Fresno and 

Sacramento which are ranked 42nd and 62nd, the crime rate still cannot be matched 
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(“2019 Crime in the United States”). This high crime rate begs the question of how 

police can better handle the rates and what factors are influential to those values. 

A study conducted in conjunction with the City of Tucson, Pima County, and the 

Economic and Business Research Center at the University of Arizona by Alisha Kim 

provided a basis for a study on the vulnerability of neighborhoods throughout the city. 

The study was conducted to determine how vulnerable individual neighborhoods are 

based on five factors: percent of residents identifying as anything other than “non-

Hispanic white alone”, percent of households who rent, rather than own, their homes, 

percent of residents aged 25 and over who lack a four-year bachelor’s degree or higher, 

percent of households with incomes below 80% of the Area Median Income (as 

determined by HUD), and the share of children that live in households below the official 

poverty line (Kim 2020, 2). The study was conducted at the census tract level and 

provided the conclusion that three or more vulnerable factors, with a composite score of 

greater than zero, indicated some form of vulnerability (Kim 2020, 9). The Neighborhood 

Vulnerability Index (NVI) that was created forms the basis of determining the socio–

economic factors on violent crime in Tucson. This study is similar to another one 

conducted within Canada determining the socio–economic factors that affect small 

geographic areas within Ottawa and Saskatoon. It was determined that areas with high 

counts of violent crime also had higher socio–economic disadvantages, such as single 

people and lower household incomes (Kitchen 2007, 85). The links between these two 

studies provide a basis for the need to determine whether or not the Tucson NVI 

created is consistent with high rates of violent crime within the same geographic areas. 
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Fighting crime can be difficult due to a wide variety of reasons, including not 

knowing the reasons for crime, minor incidents taking the focus of police officers off of 

more important crimes, etc. Intelligence-led policing, although highly controversial, has 

been attempted throughout the world to help fight crime using intelligence collection. 

The controversy of this technique comes mainly from the verbiage of intelligence due to 

citizens thinking that the government is collecting information on them.  A study 

conducted in Lisbon, Portugal has provided good context for a future of ILP within 

communities affected by additional factors, such as the high volume of tourists that 

commit crimes within the Lisbon area (Ferreira, João, and Martins 2012, 46). The study 

explained outside aspects, such as lower socio–economic demographics, were highly 

influential on the crime count and by utilizing the data captured and displaying it in a 

geospatial method, the results can be visible to all to help deter violent crime in the area 

(48). The Tucson Police Department did not follow any specific protocol for studying 

crime and working harder to fight crime throughout the city until May 2022 but has since 

decided to begin focusing on a type of intelligence-led policing, focused more on 

location-specific crime, and trying to deter crime from small areas throughout Tucson 

(Donnelly and Schmidt 2022). In one instance, they focused on a specific apartment 

complex that encompasses “only 0.0001% of the east-side division, [but] the site 

accounted for 4% of the violent crime in 2021” (Donnelly and Schmidt 2022). Being able 

to utilize data points about the community living in that area, such as the ones 

determined by the NVI will better assist the Tucson Police Department and the City of 

Tucson to create a safer city.  
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DATA AND METHODS 

Data 

Geographical Boundaries 

Geographical boundaries for the city of Tucson were downloaded from the GIS 

Open Data database by the City of Tucson (Table 1). The shapefile included data for all 

of the jurisdictions within Pima County. Since the project will only be researching the city 

of Tucson neighborhoods, the city boundary is highlighted as the only remaining 

boundary using the Select by Attribute feature in ESRI ArcGIS Pro. Geographical 

boundaries of the census tracts for the state of Arizona were collected from the U.S. 

Census Bureau’s Master Address File/Topologically Integrated Geographic Encoding 

and Referencing (MAF/TIGER) Database from 2016 (Table 2). The data consists of 

census tracts throughout the state, which were clipped to just represent the boundaries 

that intersect the city of Tucson (Figure 1). 
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Figure 1. City of Tucson Boundary within the State of Arizona 

Table 1. Jurisdictional Boundaries of Pima County, 2019 

Official name of data set Jurisdictional Boundaries 
Year of publication and/or last 
update 

2022 

Author and/or owner City of Tucson Data, City of Tucson 
URL of the repository https://gisdata.tucsonaz.gov/datasets 
Description Municipal boundaries of jurisdictions in Pima 

County, AZ. 
Coordinate System StatePlane Arizona Central FIPS 0202 (Intl 

Feet), NAD 1983 HARN, EPSG: 102649 
Geometry and data type Polygon, vector 
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Table 2. Census Tracts, 2019 

Official name of data set TIGER/Line Shapefile, 2016, state, Arizona, 
Current Census Tract State-based 

Year of publication and/or last 
update 

January 15, 2021 

Author and/or owner US Census Bureau, Department of Commerce 
URL of the repository https://catalog.data.gov/dataset/tiger-line-

shapefile-2016-state-arizona-current-census-
tract-state-based 

Description Census tracts within the state of Arizona. 
Coordinate System NAD 1983, EPSG: 4269 
Geometry and data type Polygon, vector 

 

Crime Data 

The crime data for this project was collected from the City of Tucson Police 

Department by the GIS Services at the City of Tucson. It is open data provided to the 

public and includes information on incidents occurring that were responded to, and a 

report was generated by the TPD (Tables 3, 4, and 5). A margin of error was created by 

the police department to protect the privacy of victims by rounding the address location 

to the nearest hundred-block as well as reporting the location where the officer 

responded, rather than the location of the actual incident. The data used were collected 

between January 1, 2019 – December 31, 2021, as three separate shapefiles, 

downloaded from the GIS Open Data database by the City of Tucson. The data was 

then imported to ESRI ArcGIS as point vector features representing each reported 

incident as its own point (Figure 2). Using the Select by Location tool in ArcGIS, only the 

points remaining within the city of Tucson boundary were utilized.  
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Figure 2. City of Tucson Police Incidents in 2019, 2020, and 2021 

Table 3. City of Tucson Police Incidents, 2019 

Official name of data set Tucson Police Incidents – 2019 – Open Data 
Year of publication and/or last 
update 

2022 

Author and/or owner GIS IT, City of Tucson 
URL of the repository https://gisdata.tucsonaz.gov/datasets 
Description Reported police incidents in the city of Tucson 

from January 1, 2019 until December 31, 2019. 
Coordinate System StatePlane Arizona Central FIPS 0202 (Intl 

Feet), NAD 1983 HARN, EPSG: 102649 
Geometry and data type Point, vector 

 

Table 4. City of Tucson Police Incidents, 2020 

Official name of data set Tucson Police Incidents – 2020 – Open Data 
Year of publication and/or last 
update 

2022 

Author and/or owner GIS IT, City of Tucson 
URL of the repository https://gisdata.tucsonaz.gov/datasets 
Description Reported police incidents in the city of Tucson 

from January 1, 2020 until December 31, 2020. 
Projected Coordinate System StatePlane Arizona Central FIPS 0202 (Intl 

Feet), NAD 1983 HARN, EPSG: 102649 
Geometry and data type Point, vector 

 

Table 5. City of Tucson Police Incidents, 2021 

Official name of data set Tucson Police Incidents – 2021 – Open Data 
Year of publication and/or last 
update 

2022 

Author and/or owner GIS IT, City of Tucson 
URL of the repository https://gisdata.tucsonaz.gov/datasets 
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Description Reported police incidents in the city of Tucson 
from January 1, 2021 until December 31, 2021. 

Projected Coordinate System StatePlane Arizona Central FIPS 0202 (Intl 
Feet), NAD 1983 HARN, EPSG: 102649 

Geometry and data type Point, vector 
 

Neighborhood Vulnerability Index 

The 2020 study conducted by researcher Alisha Kim, described in detail earlier, 

provided a basis of data describing the level of vulnerability of each census tract. The 

tracts were divided into four vulnerability levels: not vulnerable, vulnerable, more 

vulnerable, and most vulnerable (Figure 3). The 241 census tracts of Pima County had 

129 not vulnerable tracts, 37 vulnerable tracts, 47 more vulnerable tracts, and 28 most 

vulnerable tracts. Of those 28 most vulnerable tracts, 23 are found within the city of 

Tucson limits.  
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Figure 3. Neighborhood Vulnerability Index of Pima County 

 

Methods 

ESRI ArcGIS Pro 

ESRI ArcGIS Pro is a desktop software that allows users to explore, visualize, 

and analyze data with a variety of tools and data. The data is worked on within a project 

in the program and ultimately can be turned into a variety of exported files or online 

visualization. Throughout the analyses, ArcGIS will be utilized to edit, analyze, and 
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display the data. It has the ability to allow users to conduct spatial autocorrelation 

statistics for aggregate data and spatial regression analysis for point and polygon data. 

It will be utilized throughout this analysis to determine the spatial correlation between 

the crime data over the years and the Neighborhood Vulnerability Index. Research 

began with an average nearest neighbor calculation to determine the average distance 

between points and their neighbors to indicate clustering or dispersion. This will be 

followed by using the kernel density analysis to determine what tracts/neighborhoods 

have high clustering values. Next, spatial autocorrelation will be conducted with 

geographically weighted regression. Global Moran’s I can be used to determine 

clustering for this portion and finally, exploratory regression can verify the information 

for all of the variables researched. 
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RESULTS 

Police Incidents 

Basic Data Handling 

In order to determine the number of violent crime incidents reported throughout 

the City of Tucson, the data needed to be slightly manipulated. It first was scrubbed for 

accuracy of data points due to the inclusion of data points from previous years and then 

was manipulated to include only violent crime data points. The violent crime that was 

included ranged from the accepted city of Tucson violent crime categories of 

aggravated assault, murder and non-negligent manslaughter, rape, and robbery. The 

categories that matched these as reported by the Tucson Police Department are as 

follows: assault (drive-by shooting, other, other – domestic violence, peace officer – 

non-serious injury, peace officer – serious injury, minor injury, minor injury – domestic 

violence, no injury, no injury – domestic violence), homicide (manslaughter, murder),  

robbery (banks, carjacking, commercial house, convenience store, highway, 

miscellaneous, residence), and sexual assault (attempted rape, forcible rape). Selecting 

features using attributes is a tool available in ESRI ArcGIS Pro that allows a user to 

select a set of features within a map based on a specific attribute you wish them to have 

or not have. The tool was utilized for each year using the following SQL formula for 

each dataset to specifically select only the crimes that are considered violent (Figure 4): 

Where STATUTDESC = 'ASSAULT, AGGRAVATED/DRIVEBY SHOOTING'  
Or STATUTDESC = 'ASSAULT, AGGRAVATED/OTHER'  
Or STATUTDESC = 'ASSAULT, AGGRAVATED/OTHER - DOMESTIC VIOLENCE'  
Or STATUTDESC = 'ASSAULT, AGGRAVATED/PEACE OFFICER (NON-SERIOUS 
INJ)'  
Or STATUTDESC = 'ASSAULT, AGGRAVATED/PEACE OFFICER (SERIOUS 
INJURY)'  
Or STATUTDESC = 'ASSAULT/MINOR INJURY' 
Or STATUTDESC = 'ASSAULT/MINOR INJURY-DOMESTIC VIOLENCE' 
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Or STATUTDESC = 'ASSAULT/NO INJURY' 
Or STATUTDESC = 'ASSAULT/NO INJURY - DOMESTIC VIOLENCE' 
Or STATUTDESC = 'HOMICIDE/MANSLAUGHTER' 
Or STATUTDESC = 'HOMICIDE/MURDER' 
Or STATUTDESC = 'ROBBERY/BANKS' 
Or STATUTDESC = 'ROBBERY/CARJACKING' 
Or STATUTDESC = 'ROBBERY/COMMERCIAL HOUSE' 
Or STATUTDESC = 'ROBBERY/CONVENIENCE STORE' 
Or STATUTDESC = 'ROBBERY/HIGHWAY' 
Or STATUTDESC = 'ROBBERY/MISCELLANEOUS' 
Or STATUTDESC = 'ROBBERY/RESIDENCE' 
Or STATUTDESC = 'SEXUAL ASSAULT/ATTEMPTED RAPE' 
Or STATUTDESC = 'SEXUAL ASSAULT/FORCIBLE RAPE' 

 
The data was shrunk from 112,458 data points for all police incidents in 2019 to 

12,193 violent crime incidents. The data from 2020 was shrunk from 99,425 total police 

incidents to 11,089 violent crime incidents. The data from 2021 was shrunk from 95,112 

total police incidents to 11,691 violent crime incidents. These values alone already show 

a decrease in total crime throughout the city and a drop from 2019 to 2020, with a slight 

increase in 2021 but overall drop from 2019 to 2021. 

       

Figure 4. Violent Police Incidents in 2019, 2020, and 2021 

A second layer was created using the Spatial Join tool to combine all of the 

violent crime data points and the census tracts of Tucson in order to determine the total 

crime count per census tract. Spatial Joins allow for attributes from one dataset to be 

added to another dataset based on their spatial relationship. This crime count that is 
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created will allow for not only visually determining the census tracts with higher values 

of crime, based solely on the count, but allow for additional spatial regression and 

autocorrelation tools to be utilized. The Spatial Join connected the crimes contained 

within each census tract and a visual representation of each year was created using five 

classes and an equal interval (Figure 5). While each year does not have an equal 

maximum number of crimes per census, the fifth class includes the extra to visually 

understand where the highest crime rates are being found. 

       

Figure 5. Spatial Join of Census Tracts and Violent Police Incidents in 2019, 2020, and 
2021 

Kernel Density 

 Since the analysis of crime locations is directly being analyzed in terms of 

location to vulnerable neighborhoods, a kernel density was conducted for each area 

(Figure 6). Kernel density is used for calculating the density of specific point or line 

features as they occur within a specified area. It allows for the weighting of specific 

occurrences to mean more than others, but since the police incidents were already 

narrowed down to violent crime, each incident was allowed to be weighted equally and 

considered as violent as any other crime within the area. Kernel density is calculated 

using the formula and using disti< radius: 
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Where i = 1,…,n are the input points. Only points are included in the sum if they are 

within the radius distance of the (x,y) location; popi is the population field value of point 

i, which is an optional parameter; and disti is the distance between point i and the (x,y) 

location. 

In 2019, census tracts 1 and 4 had the highest density over them and medium 

density throughout tracts 26.03, 26.04, and 28.03. In 2020, the highest density hot spots 

increased to seven different areas, encompassing 1, 4, 9, 18.01, 29.01, 34.01, 35.01, 

35.02, 35.03, and 40.33 census tracts. By 2021, the highest density spots dropped back 

down to four areas and included tracts 1, 4, 24, 25.01, 25.06, and 38.01. Throughout all 

of the kernel density analyses, census tracts 1 and 4 remained hot spots, highlighted in 

the red box. 

       

Figure 6. Kernel Density in 2019, 2020, and 2021 

Average Nearest Neighbor 

Average nearest neighbor analyses were conducted on the violent police 

incidents each year as well to determine the average distance between incidences and 
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provide a numerical answer to the kernel density visualization (Figure 7). While the 

kernel density does supply numerical data, it is an alternative method of understanding 

and visualization to have nearest neighbor calculations. It is used by measuring each 

individual point or feature’s centroid and the nearest neighbor’s centroid in order to find 

an average of those distances. In theory, the locations of all of the violent crime points 

should be similar throughout the three years if they are clustered and not a result of 

random chance.  

In 2019, the observed mean distance was 92.3797 feet and expected mean 

distance was 438.2716. In 2020, the observed mean distance was 104.2332 feet and 

the expected mean distance was 458.7707. In 2021, the observed mean distance was 

16.8938 feet and the expected mean distance was 172.8159. These values indicate that 

the expected distance from each point was much higher than where the crimes are 

actually occurring, if they were occurring at random. Although all of the distances are 

different, 2019 and 2020 data are within ten percent of each other, and all three years 

have low z-scores indicating that there is less than one percent chance that the 

clustered values are a result of random chance. This validates the results of the 

expected mean distance not matching the observed distance. More research must be 

conducted to determine what caused the extremely low observed mean distance in 

2021 and the extremely low z-score. The results from this analysis are also validated by 

the results of the kernel density hot spots showing a large amount of spatial clustering. 
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Figure 7. Average Nearest Neighbor Results in 2019, 2020, and 2021 

Global Moran’s I 

To determine the spatial autocorrelation for each year’s incidences, Global 

Moran’s I was used in ArcGIS Pro. Global Moran’s I cannot be used with individual 

points so the data must be converted into weighted values. Global Moran’s I is a tool 

that measures spatial autocorrelation based on a feature’s location and value 

simultaneously and presents a result indicating whether a set of data is clustered, 

dispersed, or random. The Moran’s I value is calculated using the following equation: 

𝐼𝐼 =
𝐷𝐷
𝑆𝑆0

∑ ∑ 𝑤𝑤𝑖𝑖,𝑗𝑗𝑧𝑧𝑖𝑖𝑧𝑧𝑗𝑗𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑖𝑖=1

∑ 𝑧𝑧𝑖𝑖
2𝑛𝑛

𝑖𝑖=1
 

where zi is the deviation of an attribute from its mean for feature, i, wi,j is the spatial 

weight between the features i and j, n is the total number of features, and S0 is the 

aggregate of the spatial weights. This tool allows the crimes that are committed in the 

same location to be included in the calculation, where average nearest neighbor cannot 

compute points that are in the same exact spot. Moran’s I allows for the large amount of 

crimes occurring in one spot to be evaluated in the result of whether or not the crime is 

random or not. The data first needed to be aggregated using the Integrate tool to allow 

for crimes committed within a smaller geographic area would be considered as one 
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location with a higher weighted influence. The Collect Events tool was utilized next to 

combine features with the same exact X and Y coordinates and create an even more 

weighted attribute within the data. Finally, the Global Moran’s I tool was run for each 

year and determined that all three data sets were clustered, with a less than one 

percent chance likelihood that the clustering could be the result of random chance 

(Figure 8). In 2019, it supplied a z-score of 8.716241 and a Moran’s I index of 0.084206. In 

2020, the z-score was 8.615900 and the Moran’s I index was 0.083050. Lastly, in 2021 the z-

score was 9.354976 and the Moran’s I index was 0.090755. A Moran’s I index of +1 is indicative 

of clustering, while an index of -1 is indicative of dispersion. All of the Moran’s I indices for the 

three years were positive, indicating clustering which is also proven in the kernel density values. 

Although of their positive value, the indices are all remarkably close to 0 with high z-scores and 

a calculated p-value of 0 for all three years. The null hypothesis of no spatial autocorrelation 

can be confidently rejected at this point because the p-value is so small.  

       

Figure 8. Global Moran’s I in 2019, 2020, and 2021 
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Neighborhood Vulnerability Index versus Violent Police Incidents 

Basic Data Handling 

The neighborhood vulnerability index, described in the data section, has various 

features and attributes that were given text values as data points. In order to use the 

information provided within these points, the Field Calculator was used to manipulate 

the data into numerical values. Each factor of vulnerability was given a value of 1 for an 

affirmative that the census tract had a specific factor affecting it or a value of 0 to show 

that the factor was not affecting the vulnerability of the neighborhood. This was 

conducted for deciding whether the neighborhood was vulnerable or not, per the index, 

as well as for each of the five factors contributing to the vulnerability determination. 

Geographically Weighted Regression 

 Geographically Weighted Regression is a spatial regression tool in ArcGIS Pro 

that is utilized to predict information with a regression equation created that fits every 

feature in a dataset. It is best used with datasets with hundreds of points, which fits this 

analysis, and used the count of crimes in each dataset as the dependent variable and 

the explanatory variable as whether or not the neighborhood was vulnerable, per the 

index. This analysis conducted determined whether or not there was a relationship 

between the number of crimes and the neighborhood being vulnerable or not. The 

results for this test showed varying results for each year (Figures 9-12).  
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Figure 9. Geographically Weighted Regression in 2019, 2020, and 2021 

 

Figure 10 Standardized Residual versus Predicted Plot, 2019 

 

Figure 11. Standardized Residual versus Predicted Plot, 2020 
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Figure 12. Standardized Residual versus Predicted Plot, 2021 

 

Exploratory Regression 

 Exploratory regression is another spatial regression tool in ArcGIS Pro that was 

utilized to determine if any of the individual factors contributing to the neighborhood 

vulnerability index were indicative of higher violent crime within a specific census tract. 

The vulnerability piece was included as an added variable to again determine if 

vulnerability and crime were coincidental in each census tract. The dependent variable 

was chosen to be the total count of crimes per census tract and each of the factors was 

a candidate explanatory variable. This analysis was the most telling out of all the tests 

that were carried out because it allows for a better understanding of what specific 

factors can be considered when determining what the causes of violent crime are and 

how they can be combated. The tool is often used to explore data when there are many 

explanatory variables, but still can supply a global look at the data using an approved 

Ordinary Least Squares regression technique. This feature includes the Adjusted R2 

value, AICc, Jarques-Bera, K BP, and VIF results for each set of explanatory variables it 

determines to have the highest results. It also provides the percentage of search criteria 

that are passed and a summary of each of the explanatory variable’s significance. 
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Ultimately, it provides a summary of the residual spatial autocorrelation that determines 

the explanatory variables that it determines are most likely to be causative to the 

dependent variable. 

 In the summary of residual spatial autocorrelation, three combinations of factors 

were determined to be the most likely causation of high rates of violent crime within the 

community throughout the three years of crime (Figures 13, 14, and 15). These were 

the children, renters, POC, and college factors; all five of the neighborhood 

vulnerabilities index factors; and children living below the poverty line and renters as a 

final. The highest spatial autocorrelation came from just four of the factors and excluded 

low income, which can be considered surprising. Many studies have been conducted 

though that find that income does not necessarily correlate to violent crime. This is a 

factor that will have to be researched more thoroughly. Most interesting to note is that 

having children living below the poverty line and renting, over owning, a home are the 

most consistent factors.  

 
Figure 13. Exploratory Regression, 2019 

 

 
Figure 14. Exploratory Regression, 2020 

 

 
Figure 15. Exploratory Regression, 2021 
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CONCLUSION 

The abnormally high violent crime rate in Tucson has been an issue for years 

throughout the city and needs a new perspective to combat the situation. With the 

inclusion of intelligence-led policing and studies creating data points, such as the 

Neighborhood Vulnerability Index, the locations of violent crime can be better 

determined and fought with less work by the Tucson Police Department. In addition, 

lower rates of violent crime will create happier, safer communities that residents want to 

remain involved in. The use of spatial autocorrelation to determine the areas of violent 

crime throughout the city of Tucson and to determine if the vulnerability factors included 

in the NVI are influential to violent crime was inconclusive. As a whole, the 

neighborhoods that were considered vulnerable did have higher rates of violent crime, 

but as shown throughout the tests, many had p values that would not normally be 

acceptable. The Spatial Join, Kernel Density, and Average Nearest Neighbor analyses 

demonstrated that there were a significant number of census tracts that had a high 

number of violent crimes being committed and were not random. The Global Moran’s I, 

Geographically Weighted Regression, and Exploratory Regression all come together to  

demonstrate that there is clustering amongst the crimes, but the R2 values and number 

of explanatory variables that can be considered influential to the crimes do not express 

that the vulnerability of a neighborhood indicates that there will be violent crimes as 

well. 

Some limitations of the project were that the actual neighborhoods or specific 

locations of crime were not analyzed individually. As in the article discussing location–

based policing, it would be helpful for the Tucson Police Department to target a specific 
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street or building rather than just census tracts more specifically as a whole. There are 

too many options for displaying hot spots of crime incidents. While creating the hot spot 

analyses is helpful, it could have easily been shown with other methods such as using a 

graduated color bar to demonstrate the tracts with higher crime rates.  

The next steps for this data set and issue would be to supply even more data to 

the mix to determine what socio–economic factors are affecting violent crime the most. 

While the project focused mainly on the socio–economic factors that were determined 

by the Neighborhood Vulnerability Index, including additional demographics and other 

factors could provide even more insight and truly narrow down what truly allows for 

violent crime to become prevalent in specific areas. More topics could be access to 

weapons, including proximity to stores that sell guns, ease of acquiring permits to carry 

and use weapons, as well as many others.   
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