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Background: Numerous studies have found that areas with higher alcohol establishment density are
more likely to have higher violent crime rates, but many of these studies did not assess the differential
effects of type of establishments or the effects on multiple categories of crime. In this study, we assess
whether alcohol establishment density is associated with 4 categories of violent crime and whether the
strength of the associations varies by type of violent crime and by on-premise establishments (e.g., bars,
restaurants) versus off-premise establishments (e.g., liquor and convenience stores).
Methods: Data come from the city of Minneapolis, Minnesota in 2009 and were aggregated and
analyzed at the neighborhood level. Across the 83 neighborhoods in Minneapolis, we examined 4 categories of violent crime: assault, rape, robbery, and total violent crime. We used a Bayesian hierarchical
inference approach to model the data, accounting for spatial auto-correlation and controlling for relevant neighborhood demographics. Models were estimated for total alcohol establishment density as
well as separately for on-premise establishments and off-premise establishments.
Results: Positive, statistically significant associations were observed for total alcohol establishment
density and each of the violent crime outcomes. We estimate that a 3.9 to 4.3% increase across crime
categories would result from a 20% increase in neighborhood establishment density. The associations
between on-premise density and each of the individual violent crime outcomes were also all positive and
significant and similar in strength as for total establishment density. The relationships between off-premise density and the crime outcomes were all positive but not significant for rape or total violent crime,
and the strength of the associations was weaker than those for total and on-premise density.
Conclusions: Results of this study, combined with earlier findings, provide more evidence that community leaders should be cautious about increasing the density of alcohol establishments within their
neighborhoods.
Key Words: Alcohol Outlets, Violent Crime, Neighborhood.

N

UMEROUS STUDIES HAVE assessed the relationship between the density of alcohol establishments and
rates of violent crime with most finding that areas with
higher alcohol establishment densities are more likely to have
higher violent crime rates (e.g., Gorman et al., 2005; Gruenewald et al., 2010; Scribner et al., 2010). Many of these studies examined the combined effects of all types of alcohol
establishments including on-premise establishments (e.g.,
bars, restaurants) and off-premise establishments (e.g., liquor

From the Division of Epidemiology and Community Health (TLT,
DJE, KML, AMJ, EMH), School of Public Health, University of
Minnesota, Minneapolis, Minnesota; and Division of Biostatistics (BPC,
HSQ), School of Public Health, University of Minnesota, Minneapolis,
Minnesota.
Received for publication July 5, 2011; accepted December 16, 2011.
Reprint requests: Traci L. Toomey, PhD, Epidemiology and Community Health, School of Public Health, University of Minnesota, 1300
South Second Street, Suite 300, Minneapolis, MN 55454; Tel.: 612‐626‐
9070; Fax: 612‐624‐0315; E-mail: toome001@umn.edu
The views expressed here are solely those of the authors and do not
necessarily reflect the views of the National Institute on Alcohol Abuse
and Alcoholism or the University of Minnesota.
Copyright © 2012 by the Research Society on Alcoholism.
DOI: 10.1111/j.1530-0277.2012.01753.x
1468

stores, grocery stores) (Britt et al., 2005; Gyimah-Brempong
and Racine, 2006; Nielsen et al., 2005; Reid et al., 2003; Zhu
et al., 2006), and most examined a single type of crime (e.g.,
assaults; Gruenewald et al., 2006; Liang and Chikritzhs, 2011;
Livingston, 2008a,b; Nielsen et al., 2005) or total violent
crime rather than individual types of crime (e.g., Britt et al.,
2005; Gorman et al., 2001, 2005; Zhu et al., 2004, 2006).
One conceptual framework that has been used to explain
the observed positive association between alcohol establishment density and violence is availability theory (Bruun et al.,
1975; Gruenewald, 2007), which assumes that as alcohol
becomes more available (i.e., another alcohol establishment is
added to a census block, neighborhood, etc.), alcohol consumption increases with a subsequent rise in alcohol-related
violence. Based on this theory, we would expect that both an
increase in on-premise and off-premise establishments will lead
to an increase in consumption and related violence because
both would represent an increase in alcohol availability.
Gruenewald (2007) drew from several other theories to
hypothesize an alternative mechanism that could explain the
observed association between density of bars and violence.
He hypothesized that a greater number of establishments
within a small geographic area leads to more competition;
and as a result, there is an increase in niche marketing where
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establishments specialize and cater to specific types of
customers. Specific segments of customers are attracted to
these different types of establishments (e.g., sports bars, wine
bars, bars that play country music, etc.), resulting in a more
homogenous clientele within establishments. An addition of
establishments that appeal to primarily heavy drinking customers could lead to hot spots—in other words, establishments that contribute significantly to alcohol-related crime
in the area surrounding it. If the increase in crime is a result
of this segmentation of the customers rather than simply an
increase in alcohol availability, we might expect to see a
greater increase in crime resulting from a higher density of
on-premise establishments—especially from a higher density
of bars—than a higher density of off-premise establishments.
Although there may be differential effects by on-premise
and off-premise density, only about half of the previous studies assessed effects of on-premise versus off-premise establishments separately and these have found inconsistent results.
Of those examining the relationship between density of
on-premise alcohol establishments and violent crime, about
half found a positive relationship (Liang and Chikritzhs,
2011; Livingston, 2008a, 2011; Scribner et al., 2010) and the
rest found no relationship (Franklin et al., 2010; Gorman
et al., 2005; Livingston, 2008b; Scribner et al., 1999; Zhu
et al., 2004). Consistent with the niche theory (Gruenewald,
2007), a few studies that examined effects of bar and restaurant density separately observed a positive association for
bar density and violent crime (Gruenewald and Remer, 2006;
Gruenewald et al., 2010; Lipton and Gruenewald, 2002);
however, no studies found a positive association between
restaurant density and violent crime (Gruenewald and
Remer, 2006; Gruenewald et al., 2006, 2010; Lipton and
Gruenewald, 2002). Similar to on-premise establishments,
about half of the analyses examining the association between
off-premise alcohol establishments and violent crime identified a positive association (Alaniz et al., 1998; Gorman et al.,
2005; Gruenewald and Remer, 2006; Gruenewald et al.,
2006, 2010; Livingston, 2008b, 2011; Scribner et al., 1999)
and the remaining analyses found no relationship (Franklin
et al., 2010; Liang and Chikritzhs, 2011; Lipton and Gruenewald, 2002; Livingston, 2008a; Scribner et al., 2010; Zhu
et al., 2004).
In addition to assessing differences in associations by
on-premise and off-premise density, it may also be important
to assess differences across different types of crime. If establishment density increases crime through an increase in
consumption resulting from greater alcohol availability, then
we should expect to see comparable associations between
alcohol establishment density and all types of alcohol-related
crime. However, if the effect of establishment density is a
result of segmentation of customers with the potential congregation of heavy drinking customers in certain establishments, we might expect to see higher associations between
types of violent crime that are more likely to occur in and
immediately surrounding these establishment (e.g., assaults)
than other types of violent crime (e.g., rapes). Most of the
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published studies, however, have focused on the association
between establishment density and a single violent crime outcome, preventing this type of comparison (e.g., Gruenewald
et al., 2006; Liang and Chikritzhs, 2011; Livingston, 2008a).
In the current study, we assessed the association between
establishment density (total, on-premise, and off-premise
density) and multiple violent crime outcomes within the same
city, enabling us to make comparisons of associations across
different types of crime.
Along with assessing differential associations by on-premise and off-premise density and including multiple types of
violent crime, this study also builds upon and expands the
current research literature in several other ways. First, most
of the previous studies used census blocks/tracts as units of
analysis. Census blocks/tracts are small enough geographic
areas that they can capture the variability in establishment
density across communities and provide greater statistical
power; however, few individuals identify with and organize
at a census block/tract level. Within at least some cities, individuals identify with and gather at the neighborhood level to
influence community policies that affect their neighborhoods
(Lenk et al., 2002; Swindell, 2000). Hence, in this study, we
use neighborhood as the unit of analyses. Only 1 previous
study (Britt et al., 2005) used neighborhood as the unit of
analysis. Second, unlike some of the earlier studies, we controlled for spatial autocorrelation. Geographic units, such as
neighborhoods, may contribute to crime occurring in nearby
units; thus, these geographic units may not be independent
(Banerjee, 2004; Cliff and Ord, 1981). Failing to control for
this spatial correlation could lead to a Type I error (i.e., erroneously concluding there is a statistically significant association). Third, this study was conducted in Minnesota, being
one of the few alcohol density studies conducted in the
Midwestern section of the United States (Britt et al., 2005;
Gyimah-Brempong and Racine, 2006; Reid et al., 2003).
MATERIALS AND METHODS
This 2-year study examined the associations between alcohol
establishment density and multiple types of violent crime in neighborhoods in Minneapolis, Minnesota.
Neighborhoods
We used neighborhood, as designated by the city of Minneapolis,
as the geographic unit of analysis. Minneapolis has 87 neighborhoods as defined by the City. We included all of the neighborhoods
except 4. Three neighborhoods were excluded because they were
industrial areas with no residents. We also excluded 1 neighborhood
that had a 96% decline in its population between 1990 and 2000
resulting from an urban renewal project, leaving 83 neighborhoods
that we used in our analyses. Population size across these 83 neighborhoods ranged from 128 to 15,247 (mean = 4,607), with the percentage of the neighborhood population that is Caucasian ranging
from 15.0 to 94.9%.
Alcohol Establishments
In 2009, we obtained a list of 663 licensed alcohol establishments
from the Minneapolis Department of Regulatory Services. We
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identified and removed 40 duplicates, resulting in a final list of 623
establishments (503 on-premise establishments and 120 off-premise
establishments). We geocoded addresses for the alcohol establishments using an address locator in ArcGIS and 2009 street address
data from the Twin Cities Metropolitan Council; establishments
were then assigned to neighborhood. Fourteen of the addresses did
not have a 100% accuracy score; for these addresses, we used other
sources (i.e., Google Maps, Bing Maps, etc.) to confirm the
accuracy of the address and assign each establishment to a
neighborhood.
We developed 3 alcohol establishment density measures: (i) total
establishment density, (ii) on-premise establishment density, and
(iii) off-premise establishment density. Because people move
through their neighborhoods on roadway systems, we characterized
alcohol establishment density based on these functional paths people take in their community—we calculated density as the number
of establishments per roadway mile (Gruenewald et al., 1996; Lipton and Gruenewald, 2002). Our first step in calculating roadway
miles was to remove alleys and freeway on/off ramps. Second, if a
regular undivided road was on the border of 2 neighborhoods, we
assigned the road equally to both neighborhoods. In our calculations, highways, freeways, and other divided roads were not double
counted—in other words, they were treated the same way as undivided roads. For roads that crossed neighborhood boundaries, we
assigned the part of the road that fell within a given neighborhood
to that neighborhood. We obtained information about roadway
miles from the Minnesota Population Center at the University of
Minnesota.

Neighborhood Demographics
Based on the work of previous studies (Kikuchi and Desmond,
2010; Morenoff et al., 2001), we created an index measuring neighborhood-level economic and racial characteristics that was based on
composite measures used in similar studies. This composite index
included 7 U.S. 2000 Census measures (we obtained all Census data
from the City of Minneapolis at http://www.ci.minneapolis.mn.us/
citywork/planning/census2000/): (i) percent female-headed households; (ii) percent rental housing units; (iii) percent of families below
poverty; (iv) percent unemployment; (v) median household income;
(vi) median home value; and (vii) percent white. These 7 variables
were standardized (mean = 0, standard deviation = 1) and summed
to create the index (range of index values: !13.14 to 10.688). The
index had a high internal consistency, with an alpha coefficient of
0.87. We also included 2 other neighborhood demographic variables
in our analyses: total persons aged 15 to 24 years and population
density (total population divided by roadway miles). Percentage of
males was also considered, but showed very little variability across
neighborhoods and was not included in these analyses. A limitation
of the study is that 2000 Census data were the best available at the
time of our analyses.
When using neighborhood-level Census data, it is important to
determine the level of misalignment between the boundaries of
neighborhoods and Census block groups. We calculated this misalignment using ArcMap spatial analysis tools and found that most
of the misalignment occurred primarily in industrial areas that did
not have residents. Excluding these areas, we found misalignment in
<1% of residential areas, suggesting there is negligible bias in our
census estimates resulting from misalignment.

Crime
We obtained Uniform Crime Report Part I and Part II crime
data from the Minneapolis Police Department (MPD) for the time
period from October 1, 2008 to September 30, 2009 (the most recent
data available at the time of data collection). This data set included
the primary offense for each incident. We checked the accuracy of
the address coordinates indicating the crime locations (e.g., latitude/
longitude) by geocoding a subset of the crime incidents using an
address locator in ArcGIS and 2009 street/address data from the
Twin Cities Metropolitan Council. Because we found that the MPD
address coordinates had a high level of accuracy (each coordinate
was within 36 yards), we used these coordinates to assign crime incidents to the appropriate neighborhood when available. If a reported
crime did not include coordinate information, we geocoded the
address using the ArcGIS address locator. If an address for a crime
fell outside the boundaries of Minneapolis, it was deleted from our
final data set. Ninety-nine percent of the crime incidents were
successfully mapped and assigned to a Minneapolis neighborhood.
Crime incidents that fell on neighborhood boundaries were randomly distributed into neighborhoods that shared the boundary
(1.04%).
For these analyses, we included 4 violent crime categories that
previous research has shown to commonly be alcohol related
(Markowitz, 2000; Martin, 2001): assault, rape, robbery, and a
combination of Part I and Part II violent crime that includes
homicide, assault, rape, robbery, malicious punishment of a
child, sexual molestation, and abuse of a vulnerable adult. We
considered assessing the association between alcohol establishment density and other specific crime categories (e.g., homicide)
separately; however, the incidence was low (e.g., there were only
24 homicides in Minneapolis during that year and 75% of the
neighborhoods did not have any homicides). Although we could
not perform formal analyses on the association between homicide and alcohol establishment density, interestingly, many of
the neighborhoods that had high homicide rates had fairly low
alcohol establishment density (not controlling for any other measures).

Analyses
We used a Bayesian hierarchical inference approach to model the
data using the OpenBUGS software package, Version 3.1.1 (Lunn
et al., 2009). Unlike in a frequentist approach where model parameters are viewed as fixed but unknown values, the Bayesian approach
views model parameters as random variables having prior distributions that reflect any preexisting information. Inferences are then
based on the posterior distribution of all parameters, obtained by
multiplying the prior by the data likelihood and restandardizing, a
result known as Bayes’ Rule. While in our analyses, we used only
noninformative priors that permit the present data to fully determine the posterior, the Bayesian approach remains particularly
well-suited here for properly acknowledging all sources of uncertainty (both spatial and nonspatial) in our hierarchical Poisson random effects model. For an overview on Bayesian statistical
methods, see Carlin and Louis (2009).
We modeled crime counts from each neighborhood using a Poisson likelihood, where the expected number of crime incidents in the
ith neighborhood is Ei expðx0i b þ hi þ /i Þ where Ei is the number of
crime incidents we would see in the ith neighborhood if crime was
uniformly distributed across the city, calculated by multiplying the
number of roadway miles in the neighborhood by the city-wide
crime per roadway mile rate. In addition, xi denotes the vector of
neighborhood-specific covariates, b is a corresponding vector of
coefficients, and hi represents random (nonspatial) error. By contrast, φi are random effects that capture the spatial autocorrelation
between the neighborhoods using the conditionally autoregressive
(CAR) model first used in this context by Besag and colleagues
(1991).
We compared several modifications of our baseline model using
the Deviance Information Criterion (DIC; Spiegelhalter et al.,
2002), a hierarchical models generalization of the familiar Akaike
Information Criterion (AIC). Like AIC, DIC is made up of 2
terms, one capturing model fit and the other a penalty for model
complexity. Smaller DIC scores indicate preferred models, with
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differences of more than 3 to 5 points normally thought of as indicating meaningful differences (Spiegelhalter et al., 2002). In our
case, our spatial model had nearly the same DIC score as that of
the standard nonspatial model, suggesting that statistically there
was not an advantage of one model over the other. Given previous
work in this area, however, we prefer the additional spatial
smoothing provided by the spatial CAR model, which we adopt in
all subsequent analyses.
Because the b coefficients can be challenging to interpret, we also
calculated the percent increase in model-predicted violent crime
associated with a 20% increase in alcohol density in a neighborhood
of average establishment density. The densities in our model were
first standardized to have mean 0 and standard deviation 1 and thus,
we compute this percentage as 100 times the quantity:
exp

!
"
0:2 ! Mean (Density)
b " 1:
SD (Density)

This is also the percent increase in crime that would be predicted
to result from an increase in alcohol density in any neighborhood by
20% of the average alcohol density; that is, all that matters is the
size of the increase, not the baseline rate. We also remark that these
values vary widely across the total (mean 0.577, SD 0.925), on-premise (mean 0.471, SD 0.862), and off-premise (mean 0.106, SD
0.127) cases, because of the comparative rarity of off-premise establishments in our study area.

RESULTS
Frequencies for alcohol establishments, crime incidents,
and neighborhood demographics are shown in Table 1. Onpremise establishments were more frequent and dense than
off-premise establishments. Some neighborhoods had no
establishments, several neighborhoods had more than 20
establishments, but the majority had between 1 and 20 establishments. Assaults and robberies were more common than
rapes. Crime frequencies ranged widely by type of crime and
across neighborhoods. Additionally, we saw a wide range of
differences in demographic characteristics across neighborhoods.
Estimates and credible intervals for establishment density
and each crime outcome are shown in Table 2. Positive, statistically significant associations were observed for total alcohol establishment density and each of the violent crime
outcomes. Results were similar for estimates of the percent
increase in each of the crime types resulting from a 20%
increase in establishment density in a neighborhood with an
average density, ranging from 3.9 to 4.3%. The estimated
percent increase in crime was lower for violent crime combined (3.4%), although the relationship with this outcome
and total alcohol establishment density was still statistically
significant.
The associations between on-premise density and each of
the individual violent crime outcomes were also all positive
and statistically significant (Table 2). The strength of the
associations across crime outcomes was very similar to those
between total establishment density and each of the crime
outcomes. Estimates for the percent increase in crime for a
20% increase in on-premise establishment density were
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Table 1. Descriptive Statistics of Minneapolis Neighborhoods (n = 83)
Mean (range) per neighborhood
Number of crime incidents
Assault
21 (0–128)
Rape
4 (0–34)
Robbery
19 (0–97)
Total crime
53 (0–272)
Number of alcohol establishments
On-premise
6 (0–118)
Off-premise
1 (0–9)
Total
7 (0–124)
Density of alcohol establishments (per roadway mile)
On-premise
0.46 (0–5.5)
Off-premise
0.11 (0–0.57)
Total
0.56 (0–5.8)
Neighborhood demographics
Female-headed households (%)
8% (0–27%)
Rental housing units (%)
41% (0–89%)
Families below poverty (%)
12% (0–43%)
Unemployment (%)
6% (1–27%)
White (%)
69% (15–95%)
Median household income
$43K (12–103K)
Median home value
$147K (59–563K)
Aged 15–24
817 (10–5,034)
Population density (population/
325 (16–784)
roadway miles)

Table 2. Associations Between Alcohol Establishment Density and
Violent Crime (Estimates and 95% Credible Intervals)
Crime outcomes

Alcohol establishment density

Total establishments
Rape
Robbery
Assault
Combined crime
On-premise establishments
Rape
Robbery
Assault
Combined crime
Off-premise establishments
Rape
Robbery
Assault
Combined crime

Increasea (%)

0.31 (0.16, 0.46)
0.32 (0.17, 0.46)
0.34 (0.21, 0.47)
0.27 (0.16, 0.38)

3.9
4.1
4.3
3.4

0.31 (0.16, 0.46)
0.30 (0.16, 0.44)
0.34 (0.22, 0.47)
0.27 (0.16, 0.38)

3.4
3.3
3.8
3.0

0.15 ("0.04, 0.33)
0.19 (0.04, 0.35)
0.17 (0.03, 0.31)
0.11 (0.00, 0.23)

2.5
3.2
2.9
1.9

Control variables included in each model: population density, economic/
racial index, and persons aged 15 to 24; Bold text, statistically significant at
the p < 0.05 level.
a
Percent increases corresponding to a 20% increase in density in a
neighborhood with average density.

slightly lower than for total establishment density (3.3 to
3.8%). Again, the association between on-premise density
and all violent crime combined was slightly lower than for
the individual crime types, but still statistically significant.
The relationships between off-premise density and the
individual crime outcomes were all positive, but they were
not all statistically significant (Table 2). The association was
not statistically significant for rape or the combined violent
crime outcome. The strength of the associations for robbery
and assault was weaker than the associations between these
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outcomes and total establishment density and on-premise
density.
DISCUSSION
We found that overall alcohol establishment density was
positively associated with violent crime, indicating that
neighborhoods with more alcohol establishments tend to
have more assault, rape, robbery, and overall violent crime
than neighborhoods with fewer alcohol establishments.
The association between establishment density and violent
crime was stronger and more consistent for on-premise
establishments than off-premise establishments. And we
found similar results for total alcohol establishment density
and on-premise establishment density, which may not be
surprising given that most establishments in this city are
on-premise rather off-premise establishments. Our findings
are similar to those from several earlier studies (e.g., Franklin
et al., 2010; Gorman et al., 2005; Gyimah-Brempong and
Racine, 2006; Livingston, 2008a,b).
A higher density of alcohol establishments means more
availability of alcohol. Many studies show that as we
increase availability of alcohol (e.g., through an increase in
the hours that alcohol can legally be sold, a decrease in the
price of alcohol, etc.), we see an increase in crime and other
alcohol-related problems (Babor et al., 2003; Elder et al.,
2010; Middleton et al., 2010). However, the stronger and
more consistent associations between on-premise establishment density and violent crime provide support for the niche
theory (Gruenewald, 2007) that the association between
alcohol establishment density and crime may not be driven
simply by the increased availability of alcohol in a neighborhood, but rather the specialization of on-premise establishments and subsequent segmentation of customers.
Further supporting the niche theory (Gruenewald, 2007),
although the strength of the associations was fairly similar
across crime categories within the stratum (on-premise, offpremise, total establishment density), the association was
consistently highest between establishment density and
assaults. Assaults may be more likely than other types of
violent crime to occur in and near establishments.
The results of this study contribute to the growing literature on the relationship between alcohol establishment density and crime. The Task Force on Community Preventive
Services (http://www.thecommunityguide.org/alcohol/outletdensity.html) has recommended “…the use of regulatory
authority (e.g., through licensing and zoning) to limit alcohol
outlet density on the basis of sufficient evidence of a positive
association between outlet density and excessive alcohol consumption and related harms.” The results of this study suggest that a greater density of either on-premise or off-premise
establishments is associated with higher levels of at least
some types of violent crime. However, neighborhood leaders
may need to be especially cognizant of the potential risks of
adding on-premise alcohol establishments within their neighborhoods. Assuming the observed associations are primarily

the result of the specialization of alcohol establishments and
the resulting segmentation of customers, more research is
needed to determine what specific types of establishments
provide the greatest risk for increasing violence when added
to a neighborhood.
Given that this was a cross-sectional study and the fact
that the time periods for the alcohol establishment data and
the crime data did not completely overlap, we cannot conclude that an increase in alcohol establishment density in a
neighborhood will lead to an increase in violent crime; it is
possible that there is another, unidentified neighborhood
characteristic that confounds this association. Another limitation of this study is that the police report data only
included incidents of crime that were reported to police and
only the primary offenses were included in the database.
Both of these limitations could lead to an underestimation of
crime across neighborhoods; however, it is unlikely that these
underestimations differ substantially across neighborhoods.
Additionally, not all of the crime incidents involved alcohol;
inclusion of crime incidents that are not alcohol involved
may reduce the observed association between crime and alcohol establishment density. Because the study was conducted
in only 1 metropolitan area and at the neighborhood level,
generalizability of study findings may be limited. However,
many previous studies also have been conducted in 1 metropolitan area using various units of analysis (e.g., Franklin
et al., 2010; Gorman et al., 2005; Scribner et al., 1999) and
the combined results across these different regions provide
confidence that the results can be generalized to other geographic areas. Finally, we did not control for potential edge
effects of alcohol establishments located in other communities near the Minneapolis border; however, this is likely not a
significant limitation because of a limited number of alcohol
establishments near Minneapolis borders.
Despite these limitations, this study contributes to the
research literature assessing the association between alcohol
establishment density and violent crime. Similar to other
studies, we observed a positive association between total
establishment and on-premise density and multiple violentcrime outcomes. Results were less consistent for off-premise
density. This study builds on previous studies by including
several violent crime outcomes, assessing on- versus offpremise and total establishment density, controlling for
geospatial autocorrelation, and using advanced Bayesian
analytical methods. Results of this study, combined with earlier findings, provide more evidence that community leaders
should be cautious about increasing the density of alcohol
establishments within their neighborhoods.
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J, Room R, Rossow I (2003) Alcohol: No Ordinary Commodity—
Research and Public Policy. Oxford University Press, New York.
Banerjee S (2004) Hierarchical Modeling and Analysis for Spatial Data.
Chapman and Hall/CRC, Boca Raton, FL.
Besag J, York J, Mollie A (1991) Bayesian image-restoration, with 2 applications in spatial statistics. Ann Inst Stat Math 43:1–20.
Britt H, Carlin BP, Toomey TL, Wagenaar AC (2005) Neighborhood-level
spatial analysis of the relationship between alcohol outlet density and
criminal violence. Environ Ecol Stat 12:411–426.
Bruun K, Edwards G, Lumio M, Makela K, Pan L, Popham RE, Roome R,
Schmidt W, Skog O, Sulkunen P, Osterberg E (1975) Alcohol Control
Policies in Public Health Perspective. The Finnish Foundation for Alcohol
Studies, Helsinki.
Carlin BP, Louis TA (2009) Bayesian Methods for Data Analysis. 3rd ed.
CRC Press, Boca Raton, FL.
Cliff AD, Ord JK (1981) Spatial Processes: Models & Applications. Pion,
London.
Elder RW, Lawrence B, Ferguson A, Naimi TS, Brewer RD, Chattopadhyay
SK, Toomey TL, Fielding JE (2010) The effectiveness of tax policy interventions for reducing excessive alcohol consumption and related harms.
Am J Prev Med 38:217–229.
Franklin FA, LaVeist TA, Webster DW, Pan WK (2010) Alcohol outlets
and violent crime in Washington D.C. West J Emerg Med 11:283–290.
Gorman DM, Speer PW, Gruenewald PJ, Labouvie EW (2001) Spatial
dynamics of alcohol availability, neighborhood structure and violent
crime. J Stud Alcohol 62:628–636.
Gorman DM, Zhu L, Horel S (2005) Drug ‘hot-spots’, alcohol availability
and violence. Drug Alcohol Rev 24:507–513.
Gruenewald PJ (2007) The spatial ecology of alcohol problems: niche theory
and assortative drinking. Addiction 102:870–878.
Gruenewald PJ, Freisthler B, Remer L, Lascala EA, Treno A (2006) Ecological models of alcohol outlets and violent assaults: crime potentials and
geospatial analysis. Addiction 101:666–677.
Gruenewald PJ, Freisthler B, Remer L, Lascala EA, Treno AJ, Ponicki WR
(2010) Ecological associations of alcohol outlets with underage and young
adult injuries. Alcohol Clin Exp Res 34:519–527.
Gruenewald PJ, Millar AB, Treno AJ, Yang Z, Ponicki WR, Roeper P
(1996) Geography of availability and driving after drinking. Addiction
91:967–983.

1473

Gruenewald PJ, Remer L (2006) Changes in outlet densities affect violence
rates. Alcohol Clin Exp Res 30:1184–1193.
Gyimah-Brempong K, Racine J (2006) Alcohol availability and crime: a
robust approach. Appl Econ 38:1293–1307.
Kikuchi G, Desmond SA (2010) A longitudinal analysis of neighborhood
crime rates using latent growth curve modeling. Sociol Perspect 53:127–
149.
Lenk KM, Toomey TL, Wagenaar AC, Bosma LM, Vessey J (2002) Can
neighborhood associations be allies in health policy efforts? Political activity among neighborhood associations. J Community Psychol 30:57–68.
Liang WB, Chikritzhs T (2011) Revealing the link between licensed outlets
and violence: counting venues versus measuring alcohol availability. Drug
Alcohol Rev, 30:524–535.
Lipton R, Gruenewald P (2002) The spatial dynamics of violence and alcohol
outlets. J Stud Alcohol 63:187–195.
Livingston M (2008a) Alcohol outlet density and assault: A spatial analysis.
Addiction 103:619–628.
Livingston M (2008b) A longitudinal analysis of alcohol outlet density and
assault. Alcohol Clin Exp Res 32:1074–1079.
Livingston M (2011) Alcohol outlet density and harm: comparing the
impacts on violence and chronic harms. Drug Alcohol Rev 30:515–523.
Lunn D, Spiegelhalter D, Thomas A, Best N (2009) The BUGS project: evolution, critique and future directions. Stat Med 28:3049–3067.
Markowitz S (2000) An economic analyses of alcohol, drugs, and violent
crime in the National Crime Victimization Survey. National Bureau of
Economic Research, Working Paper 7982.
Martin SE (2001) The links between alcohol, crime and the criminal justice
system: explanations, evidence and interventions. Am J Addict 10:136–158.
Middleton JC, Hahn RA, Kuzara JL, Elder R, Brewer R, Chattopadhyay S,
Fielding J, Naimi TS, Toomey T, Lawrence B (2010) Effectiveness of policies maintaining or restricting days of alcohol sales on excessive alcohol
consumption and related harms. Am J Prev Med 39:575–589.
Morenoff JD, Sampson RJ, Raudenbush SW (2001) Neighborhood inequality, collective efficacy, and the spatial dynamics of urban violence. Criminology 39:517–559.
Nielsen AL, Martinez R, Lee MT (2005) Alcohol ethnicity, and violence: the
role of alcohol availability for Latino and black aggravated assaults and
robberies. Sociol Q 46:479–502.
Reid RJ, Hughey J, Peterson NA (2003) Generalizing the alcohol outletassaultive violence link: evidence from a US midwestern city. Subst Use
Misuse 38:1971–1982.
Scribner R, Cohen D, Kaplan S, Allen SH (1999) Alcohol availability and
homicide in New Orleans: conceptual considerations for small area analysis of the effect of alcohol outlet density. J Stud Alcohol 60:310–316.
Scribner RA, Mason KE, Simonsen NR, Theall K, Chotalia J, Johnson S,
Schneider SK, Dejong W (2010) An ecological analysis of alcohol-outlet
density and campus-reported violence at 32 US Colleges. J Stud Alcohol
Drugs 71:184–191.
Spiegelhalter DJ, Best N, Carlin BP, van der Linde A (2002) Bayesian measures of model complexity and fit (with discussion). J R Stat Soc B 64:583–
639.
Swindell D (2000) Issue representation in neighborhood organizations:
questing for democracy at the grassroots. J Urban Aff 22:123–137.
Zhu L, Gorman DM, Horel S (2004) Alcohol outlet density and violence: a
geospatial analysis. Alcohol Alcohol 39:369–375.
Zhu L, Gorman D, Horel S (2006) Hierarchical Bayesian spatial models for
alcohol availability, drug “hot spots” and violent crime. Int J Health
Geogr 5:54.

