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Abstract: Alcohol outlets have been associated with different social problems, such as crime, violence,
intimate partner violence, and child maltreatment. The spatial analysis of neighborhood availability
of alcohol outlets is key for better understanding of these influences. Most studies on the spatial
distribution of alcohol outlets in the community have been conducted in U.S. cities, but few studies
have assessed this spatial distribution in other countries where the drinking culture may differ.
The aim of this study was to analyze the spatiotemporal distribution of alcohol outlets in the
city of Valencia, Spain, and its relationship with neighborhood-level characteristics, as well as
to examine the influence of alcohol outlet density on alcohol-related police calls-for-service. Spain is
characterized by having a “wet” drinking culture and greater social acceptance of drinking compared
to the U.S. Data on alcohol outlets between 2010–2015 in three categories (off-premise, restaurants
and cafes, and bars) were used for the analysis. We used the 552 census block groups allocated
within the city as neighborhood unit. Data were analyzed using Bayesian spatiotemporal regression
models. Results showed different associations between alcohol outlets categories and neighborhood
variables: off-premise density was higher in areas with lower economic status, higher immigrant
concentration, and lower residential instability; restaurant and cafe density was higher in areas with
higher spatially-lagged economic status, and bar density was higher in areas with higher economic
status and higher spatially-lagged economic status. Furthermore, restaurant and cafe density was
negatively associated with alcohol-related police calls-for-service, while bar density was positively
associated with alcohol-related calls-for-service. These results can be used to inform preventive
strategies for alcohol-related problems at the neighborhood-level in Spain or other countries with a
wet drinking culture. Future research would benefit from exploring the relationship between alcohol
availability and different social problems in cities outside the U.S.

Keywords: alcohol outlets; neighborhood-level characteristics; spatiotemporal analysis; Bayesian
modeling approach; calls-for-service

1. Introduction

The relationship between alcohol abuse and different public health problems has been well
established [1,2]. Alcohol consumption was the responsible for 5.9% of global deaths in 2012, which
translates to about 3.3 million alcohol-related deaths, and it is a public health priority for the World
Health Organization (WHO) [2].
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Alcohol availability has become an important field of study because it is the major point of access
for alcohol consumption [3]. Variation in price and density of alcohol outlets are the most commonly
used measures of alcohol availability [4]. Alcohol outlet density, specifically, has been associated
with different social problems, such as a violent crime [1,5–8], traffic incidents [9–11], alcohol-related
problems [12–15], child maltreatment [16–18], and intimate partner violence [19,20].

In order to assess alcohol outlet influences, some studies have analyzed the link between
neighborhood-level characteristics and the spatial and temporal distribution of alcohol outlets
in different cities [21–23]. These studies have shown that alcohol outlets (usually represented as
off-premise and on-premise establishments) are not randomly distributed in space and time, but
they differ by neighborhood characteristics. Drawing from the social disorganization theory [24–26],
these studies have found associations between alcohol outlet density and a number of neighborhood
characteristics such as neighborhood deprivation, residential instability and ethnic composition.
In this body of research, most studies have focused on neighborhood deprivation, showing that areas
with higher socioeconomic disadvantage tend to have higher alcohol outlet density [12,22,27–29].
Residential instability has also shown a positive relationship with alcohol outlet density [30].
However, the study of the influence of ethnic composition on alcohol outlet density, has yielded
mixed results, with some studies supporting this link [31,32], while other studies showing
no association [29,30].

Most of these studies have been conducted in the U.S. and north European countries [21,22,30,33,34].
These countries are usually defined as “dry countries”, as opposed to “wet countries”. This classification is
based on the average amount of alcohol consumed per capita in order to distinguish between “drinking”
and ”not drinking” cultures [35,36]. United States, as well as northern Europe, would exemplify the
“dry” end of this classification, which is characterized by low levels of alcohol consumption, many
people who abstain, restrictive controls on drinking and selling alcohol, as well as less of a tradition
of alcohol consumption in social contexts. On the other hand, Mediterranean countries (France, Italy,
Portugal, Greece, or Spain) would be at the “wet” end of this classification, as they are characterized
by higher rates of alcohol consumption and less restrictive control of alcohol-related behavior [36,37].
In these countries, alcohol is part of the social life and it is usually present in social meetings [38,39].
Also, in wet countries people drink more frequently during daily life (e.g., it is consumed at meals),
unlike dry countries [40,41]. Despite these relevant differences in alcohol consumption and drinking
culture, research suggests that people from wet countries are less likely to drink to intoxication than
people from dry countries [41].

These cultural differences in drinking patterns are also reflected in the availability of and access
to alcohol establishments. For example, according to 2014 data, New York had a density of 88 bars per
100,000 people, while Madrid, Spain, had 186 bars per 100,000, which is almost double [42]. On the
other hand, in wet countries, the social acceptance of alcohol consumption behavior translates to a
higher permissiveness in the sale of alcohol. This is also reflected in differences in the legal drinking
age, which is 21 years old for the U.S. and 18 for the most European countries.

These differences in drinking culture may also be reflected on the distribution of alcohol
outlets across city areas, as well as on the relationship between alcohol outlets and social problems.
Thus, the space-time trajectories of alcohol outlets, the neighborhood variables that can influence this
spatiotemporal distribution, and the relationship between alcohol outlet density and alcohol-related
social problems, may differ between countries where the drinking behavior and culture is different.
However, so far, no studies have analyzed these issues from a spatiotemporal perspective in
wet countries.

The present study was conducted in the city of Valencia, Spain, which has been defined as a wet
country [41]. The aim of the study was to analyze the influence of neighborhood-level characteristics
on the spatiotemporal distribution of alcohol outlets, and to examine the influence of alcohol-outlet
density on alcohol-related police calls-for-service. To this end, we consider three categories of
alcohol outlets (i.e., off-premise, restaurants/cafes, and bars), three neighborhood-level characteristics
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(i.e., socioeconomic status, residential instability, and immigrant population), and all alcohol-related
police calls-for-service in the city of Valencia during a six-year period.

2. Materials and Methods

2.1. Study Area

This study was conducted in the city of Valencia, Spain. Valencia is the third largest city in Spain,
with a population of 790,201 (2016 data). We used census block groups as proxies for neighborhood.
They are the smallest administrative units available in the city. Census block groups had an average of
1338 inhabitants, with a minimum of 625 and a maximum of 3202. We used 552 census block groups
that cover the entire geography of the city.

2.2. Alcohol Outlets Data

Data for alcohol outlets were collected from the Statistics Office of the Valencia City Hall.
They provided an aggregated measure for each census block group of different licensed alcohol
establishments. Alcohol outlet refers to any establishment that legally sells alcohol. It is important
to note that, in Spain, a special license is not needed to sell alcohol, but this permit is included in the
license of selling products for human consumption. Thus, all establishments of food and beverages
can sell alcohol legally. We considered three different categories of alcohol outlets based on previous
research [7,43–45]: off-premise outlets (composed of retail sale of wines and beverages, and retail
sale of food and beverages), restaurants/cafes (services in restaurants and coffee shops), and bars.
Data from 2010 to 2015 were available for this study. The data correspond to the number of alcohol
outlets at the end of the year. Table 1 shows the temporal distribution of alcohol outlet establishments
in the different years of the study.

Table 1. Descriptive statistics of alcohol outlets during the six-year period of the study.

Off-Premises Restaurants/Cafes Bars

Mean Min Max Total Mean Min Max Total Mean Min Max Total

2010 2.02 0 43 1113 2.51 0 33 1385 6.44 0 38 3553
2011 1.81 0 15 998 2.41 0 30 1328 6.17 0 39 3405
2012 2.05 0 31 1129 2.46 0 29 1357 6.29 0 42 3472
2013 2.21 0 54 1219 2.41 0 28 1331 6.48 0 44 3576
2014 2.35 0 52 1298 2.29 0 30 1265 6.65 0 39 3671
2015 2.44 0 53 1344 2.36 0 32 1301 6.71 0 42 3706

2.3. Alcohol-Related Calls-for-Service

The Valencia Police Department provided data from all calls where police were required to
intervene because of alcohol-related problems. These problems refer to drunk minors, drunk homeless
people, people with an ethyl coma, or other alcohol-related health issues, etc. “Alcohol-related calls” is
the category under which police officers who attend the call classify these problems. In all cases, the
police have to be required by a citizen’s call. Other types of alcohol-related social problems, where the
police do not intervene, or direct interventions without a previous call-for service, are not included.
All alcohol-related police calls-for-service in the city of Valencia from 2010 to 2015 were collected and
aggregated at the census block group level. There were 11,789 alcohol-related calls-for-service in this
period. Calls-for-service in census block groups varied from 0 to 115 in a year. Table 2 shows the
temporal distribution of alcohol-related calls-for-service in the different years of the study.
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Table 2. Descriptive statistics of alcohol-related calls-for-service during the six-year period of the study.

Min 1st Quartile Median Mean 3rd Quartile Max Total

2010 0 0 2 2.62 4 34 1444
2011 0 1 2 3.54 4.25 40 1952
2012 0 1 2 3.40 4.25 40 1876
2013 0 1 2 3.53 4 43 1949
2014 0 1 2 3.74 5 39 2067
2015 0 1 3 4.53 6 115 2501

2.4. Independent Variables

Different neighborhood-level variables provided by the City Statistics Office were used for each
census block group and each year of the study.

Economic status: The average cadastral property value (in €) was used as a proxy of economic
status. This value is set by City Hall in order to establish city taxes, and it is based on the combination
of the land and construction value.

Spatially-lagged economic status: Spatially-lagged variables are useful to capture the effect of
neighboring areas, and it is calculated as the weighted sum of values for neighborhood i by using
its neighboring areas as weights [46,47]. We used this spatially-lagged variable in order to assess not
only the influence of economic status in alcohol outlet density, but also to analyze the influence of the
nearby neighborhoods’ economic statuses [48].

Immigrant concentration: Percentage of immigrant population in each census block group.
The mean level of immigrant concentration was about 12% of the population.

Residential instability: Proportion of the population who had moved into or out of each census
block group during the previous year: for example, residential instability value for 2015 captures
all movements into or out of the census block groups during 2014. This measure was rated per
1000 inhabitants.

In addition, population density was included as a control variable. This variable refers to the
population of each census block group per square kilometer. Table 3 summarizes the descriptive
statistics for all variables.

Table 3. Variables (mean, standard deviation, minimum, and maximum values) at the census block
group and year level.

Variable Mean Median SD Min Max

Cadastral property value (€) 24,204 21,324 10,107 10,686 84,208
Spatially lagged cadastral value 24,269 24,026 9076 11,278 78,541

Immigrant concentration (%) 12.25 11.45 5.96 1.89 42.62
Residential instability (per 1000 inhabitants) 256.00 259.2 52.48 119.6 411.8

Population density (per km2) 3379.0 3306.1 1767.87 104.80 13,480.80
Off-premise density (per km2) 45.14 61.52 8.50 0 1042.25

Restaurant/cafe density (per km2) 49.62 21.13 88.08 0 1038.55
Bar density (per km2) 134.38 94.43 138.49 0 1631.96

Off-premise (total count) 2.14 2 2.64 0 54
Restaurants-cafes (total count) 2.41 1 3.94 0 33

Bars (total count) 6.46 5 5.50 0 44
Alcohol-related calls 3.56 2 5.19 0 115

2.5. Data Analysis

First, we assessed the spatiotemporal distribution of alcohol outlets and the neighborhood-level
characteristics related to this distribution. A conditionally independent Poisson distribution was used
to model the number of alcohol outlets in each census block group and each year:

Oit ∼ Po(Eit exp(ηit)), i = 1, . . . , 552, t = 1, . . . , 6 (1)
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where Oit is the number of alcohol outlet establishments in each census block group i during year t,
Eit accounts for the expected number of alcohol outlets in census block group i and year t in proportion
to the area density, and ηit is the log relative risk for every area and year.

A space-time model was used including two spatial random effects (unstructured and structured
spatial effect) as well as incorporating a linear temporal trend parameter. In addition, we introduced the
different neighborhood-level covariates to the model (economic status, spatially-lagged economic status,
immigrant concentration, and residential instability), and the control variable, population density.

The log-relative risk of the spatiotemporal model was defined as follows:

ηit = µ + Xitβ + ϕi + θi + γ× t + δi × t (2)

where µ is the intercept, Xi is the vector of covariates per area over time, and β is the vector of
regression coefficients, ϕi refers to the structured spatial random effect, θi is the unstructured spatial
random effect, γ× t is a fixed linear time trend for t years, and δi × t is a random spatiotemporal
interaction [49]. This model was used for the three alcohol outlet categories (off-premise establishments,
restaurants-cafes, and bars). To explore non-linear temporal structures [50], we also conducted a
spatiotemporal autoregressive model [51], which incorporates more complex and flexible interactions.
However, linear and autoregressive models showed a similar fit, so we decided to use a linear time
trend to detect changes during the period of study, according to the criterion of parsimony.

In addition, to check the influence of this temporal trend, and the need to introduce a temporal
effect, previously a spatial model including only the two spatial random effects, as well as the covariates
was assessed. The deviance information criterion (DIC) was used for comparison purposes. The model
with smaller DIC values indicates the better fit [52].

After analyzing the spatiotemporal distribution of the different categories of alcohol outlets, they
were used as explanatory variables for alcohol-related calls-for-service. To this end, the same space-time
models were used following the Equations (1) and (2). In this case, Oit represents the alcohol-related
calls-for-service in each census block group i during year t, and Eit accounts for the expected number
of alcohol-related calls in census block group i and year t in proportion to the population. We used
the population as denominator following previous research on police calls [19,53,54]. The three
alcohol outlet categories (off-premise establishments, restaurants/cafes, and bars) were introduced
as covariates using the posterior probability for alcohol outlet density from the previous models and
controlled by the same neighborhood-level characteristics used in the previous models. By using the
posterior probabilities of the three alcohol outlets densities, we include a spatiotemporal smoothing
that allows taking into account the influence of the neighboring alcohol outlets when estimating
alcohol-related calls-for-service relative risks.

We followed a Bayesian approach for all models, and we assigned prior distributions for the
parameters. Specifically, vague Gaussian distributions were assigned for the fixed effects β and the
time-trend coefficient γ; µ was specified as an improper uniform distribution. The unstructured spatial
effect θ was modelled by independent identically-distributed Gaussian random variables N(0, σ2

θ ), and
the structured spatial effect ϕ was modelled as a conditional spatial autoregressive (CAR) model [55]:

ϕi|ϕ−i ∼ N(
1
ni

∑
j∼i

ϕJ ,
σ2

ϕ

ni
) (3)

where ni is the number of neighboring areas following the queen’s criterion of each census block group
i, ϕ−i represents the values of the ϕ vector except the component i, σϕ assesses the standard deviation
parameter, and j ∼ i indicates the units j neighbors of census block group i.

The spatiotemporal term δi was also modeled as a CAR model following the same distribution.
The spatial CAR prior on the space-time interaction term assumes that nearby areas exhibit
similar linear time trends. Finally, uniform distributions were used for the three hyperparameters
following the structure of the hierarchical Bayesian models, σθ , σδ, ∼ U(0, 1) and σϕ ∼ U(0, 3).
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A sensitivity analysis on these prior distributions was performed to select the most suitable ones.
Specifically, different upper ends were used for uniform distributions, and the precisions parameters
were also assessed as gamma distributions. The results remained stable.

To implement the models, the software R (R Foundation for Statistical Computing, Vienna,
Austria) and the R2WinBUGS package (MRC Biostatistics Unit, Cambridge Institute of Public Health,
Cambridge, UK) were used. Bayesian models were performed using Markov chain Monte Carlo
(MCMC) techniques; three chains with 50,000 iterations were generated, being the first 10,000 part of
the burn-in period. Convergence was checked by visually examining the plots of simulated chains as
well as using the convergence diagnostic R̂ [52]. The Supplementary Material 1 shows the WinBUGS
code for the final models.

3. Results

3.1. Spatiotemporal Ecological Bayesian Regression Models of Alcohol Outlets

The same spatiotemporal models were conducted for the three alcohol outlet categories in order
to compare the results. The four explanatory variables (economic status, spatially-lagged economic
status, immigrant concentration, and residential instability) were included in the models. In addition,
population density was incorporated as a control variable. Following the Bayesian approach, the
credible interval was interpreted in probability terms. The variables with a more-than-80% posterior
probability of being over or under zero were considered relevant to the model.

Previously, each of these models was compared to a spatial one in terms of DIC. In the case
of off-premise and bar density, the spatiotemporal model showed the better fit compared to the
spatial model. Specifically, the spatial model for off-premise had a DIC value of 11,224.9, which
decreased to 11,216.4 in the spatiotemporal model. The spatial model for bars showed a DIC value
of 15,779.8, while the spatiotemporal model had a clear decrease in this value (DIC = 15,697.8).
For restaurant/cafe density, the spatial model showed a better fit (DIC = 10,112.6) than the space-time
model (DIC = 10,123.7). However, the parameter coefficients were stable in both models. Thus, we
present the results of the spatiotemporal models for all alcohol outlets categories for comparison
purposes. Table 4 summarizes the results of the spatiotemporal models.

The three models showed a relevant spatial structure (both spatial unstructured and structured
effect), and space-time trends. Regarding the spatial structure, this indicates that the three categories
of alcohol outlet density showed a spatial distribution, with some areas presenting higher levels of
alcohol outlet density. Regarding the space-time trends, this indicates that neighboring areas are
experiencing similar changes in alcohol outlet density over time (i.e., nearby areas exhibit similar linear
time trends). The time trend was positive for off-premises and restaurants-cafes, but there were no
changes for bars. All models showed good convergence diagnosis and parameter stability.

Table 4. Spatiotemporal Bayesian model estimates of alcohol outlets establishments.

Variable Model 1. Off-Premises Model 2.
Restaurants-Cafes Model 3. Bars

Mean SD Mean SD Mean SD
(CrI 95%) (CrI 95%) (CrI 95%)

Intercept (µ) −0.617 0.199 * −0.603 0.133 * −0.640 0.097 *
(−1.004, −0.2222) (−0.868, −0.370) (−0.839, −0.441)

Economic status 1 −0.003 0.003 * −0.001 0.002 0.002 0.002 *
(−0.009, 0.002) (−0.005, 0.003) (−0.002, 0.005)

Spatially-lagged economic status 1 0.002 0.005 0.004 0.001 * 0.004 0.003 *
(−0.009, 0.011) (−0.002, 0.008) (−0.001, 0.019)

Immigrant concentration 0.012 0.004 * 0.001 0.003 –0.001 0.002
(0.004, 0.019) (−0.005, 0.007) (−0.006, 0.004)

Residential instability −0.001 0.001 * −0.001 0.001 −0.001 0.001
(−0.001, 0.000) (−0.001, 0.001) (−0.001, 0.000)
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Table 4. Cont.

Variable Model 1. Off-Premises Model 2.
Restaurants-Cafes Model 3. Bars

Mean SD Mean SD Mean SD
(CrI 95%) (CrI 95%) (CrI 95%)

Spatial heterogeneity (σθ) 0.721 0.049 0.506 0.035 0.633 0.036
(0.627, 0.822) (0.439, 0.575) (0.560, 0.700)

Spatial structure (σϕ) 0.960 0.146 0.727 0.097 0.903 0.099
(0.644, 1.238) (0.543, 0.927) (0.718, 1.095)

Year (γ) 0.008 0.008 * 0.010 0.007 * –0.001 0.005
(−0.007, 0.023) (−0.004, 0.023) (−0.009, 0.009)

Spatial × Year (σδ) 0.090 0.026 0.006 0.006 0.118 0.015
(0.038, 0.132) (0.001, 0.018) (0.091, 0.146)

* Posterior probability of being over or under zero >0.80; 1 This variable was included as the cadastral value divided
by 1000 to solve computational problems with the prior distributions assigned to fixed effects. CrI: Credible Interval.
Models controlled for population density.

The results also indicate different relationships between the categories of alcohol outlets and
neighborhood characteristics. Specifically, economic status was negatively related to off-premises,
while, for bars, this relationship was positive. In addition, restaurants-cafes and bars showed a
positive association with spatially lagged economic status. Immigrant concentration and residential
instability only showed a relevant association with off-premises, indicating that areas with higher
immigrant concentration and lower residential instability had higher levels of off-premise density.
Table 5 indicates the odds ratios for covariates of the alcohol outlet models.

Table 5. Odds ratios for variables of the alcohol outlet models.

Variable Off-Premises (CrI 95%) Restaurants-Cafes (CrI 95%) Bars (CrI 95%)

Economic status 0.997 (0.991, 1.002) 0.999 (0.995, 1.003) 1.002 (0.998, 1.005)
Spatially-lagged economic status 1.002 (0.991, 1.011) 1.004 (0.998, 1.008) 1.004 (0.999, 1.019)

Immigrant concentration 1.012 (1.004, 1.019) 1.002 (0.995, 1.007) 0.999 (0.994, 1.004)
Residential instability 0.999 (0.999, 1.000) 0.999 (0.999, 1.001) 0.999 (0.999, 1.001)

CrI: Credible Interval.

Figure 1 shows the estimated time trend E[exp(γ + δi)|Y] across each of the census block groups
for alcohol outlet density. In these maps, areas with a time trend value over one represent those census
block groups with increasing alcohol outlet density, while areas with a time trend value lower than
one represent census block groups with decreasing alcohol outlet density.
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Figure 1. (a) Change in off-premise density from 2010 to 2015; (b) change in restaurant/cafe density
from 2010 to 2015; and (c) change in bar density from 2010 to 2015.

Regarding off-premise density (Figure 1a), the central east and northwestern areas of the city have
showed a relevant increase, while the southern and eastern areas showed a decrease. Restaurants/cafes
(Figure 1b) showed a small increase in the north. However, these changes over time were very small,
as indicated by the small effect of the spatiotemporal interaction. Restaurant/cafe density, thus,
was practically stable in the same areas over the years. Bar density (Figure 1c) showed a different
trend, with an increase of bar density in the central-southern parts of the city, and a decrease in the
peripheral areas.

Figure 2 shows the density of alcohol outlets in the last year of the study period, 2015. The
density was calculated from Equation (2) as exp(ηit). Areas with a value over one indicate an
above-average density.
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in 2015.

In these maps, we can examine areas with higher alcohol outlet density in 2015. They show that,
despite some areas having high alcohol outlet density for all categories, other areas presented different
spatial patterns. Specifically, off-premise density (Figure 2a) was higher in the central part of the city,
restaurant/cafe density (Figure 2b) was higher in the peripheral areas, and bar density (Figure 2c) was
especially concentrated in the centre of the city. In Supplementary Material 2, we show the posterior
probabilities of being greater than 1 for each model.
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3.2. Spatiotemporal Ecological Bayesian Regression Models of Alcohol-Related Calls-for-Service

After analyzing the spatiotemporal distribution of alcohol outlet density for each category, a
spatiotemporal model was assessed for alcohol-related calls-for-service to analyze the influence of
alcohol outlets in neighborhood alcohol-related problems. In this model, the three alcohol outlet
categories were introduced as covariates controlled for the other neighborhood characteristics. First we
also assessed a spatial model, which showed a DIC value of 13,699.9. The spatiotemporal model
presented a clear improvement (DIC = 13,146.6) and, thus, this last model was selected as the final one.
Table 6 shows the results of the model.

Table 6. Spatial-temporal Bayesian model estimates of alcohol-related calls-for-service controlled for
neighborhood-level covariates.

Variable Mean SD 95% CrI Odds Ratio

Intercept (µ) 0.461 * 0.110 (0.242, 0.672)
Off-premise density –0.008 0.016 (–0.023, 0.040) 0.992 (0.941, 1.029)

Restaurant/cafe density –0.036 * 0.003 (–0.041, –0.031) 0.965 (0.960, 0.970)
Bar density 0.010 * 0.009 (–0.008, 0.026) 1.010 (0.992, 1.023)

Spatial structure (σϕ) 1.281 0.372 (0.750, 2.040)
Year (γ) –0.025 * 0.007 (–0.038, –0.013)

Spatial × Year (σδ) 0.244 0.017 (0.212, 0.278)

* Posterior probability of being over or under zero >0.80. Model controlled for economic status, spatially lagged
economic status, immigrant concentration, residential instability, and population density. CrI: Credible Interval.

Off-premise and restaurant/cafe density show a negative relationship with alcohol-related
calls-for-service, while bar density shows a positive association, controlled for economic status,
spatially-lagged economic status, immigrant concentration, residential instability, and population
density (see Supplementary Material 3 for the complete table, including the estimates of the
control variables). These results suggest a different influence of alcohol outlets in neighborhood
alcohol-related problems, being bar density the alcohol outlet category that is positively related to
alcohol-related calls-for-service.

Figure 3a shows the estimated time trend across each of the census block groups for alcohol-related
calls-for-service. In this map, we can observe that the northern and the western part of the city have
experienced a decrease in the number of calls-for-service, while the southern part has experienced a
clear increase. Figure 3b shows the relative risk of alcohol-related calls-for-service in 2015. We can
observe that the relative risk for alcohol-related calls-for-service was higher in the center of the city, as
well as all in the easternmost part. In Supplementary Material 2, we show the posterior probabilities of
being greater than 1.
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4. Discussion

This study used a spatial-temporal approach to assess the distribution of alcohol outlet density in
the city of Valencia (Spain) from 2010 to 2015. Spain has been characterized as a wet drinking country,
where alcohol consumption is less problematized. We used three different categories of alcohol outlet
density (off-premise, restaurants-cafes, and bars) [43–45] and we analyzed the spatial patterns and
the temporal trends of each category, as well as the neighborhood-level variables influencing these
patterns. After analyzing the spatiotemporal distribution of alcohol outlets, we used these categories
to study their relationship with alcohol-related calls-for-service.

The results indicated different relationships between the categories of alcohol outlets and
neighborhood characteristics. Specifically, off-premise density was higher in areas with lower economic
status, higher rates of immigrant population, and lower residential instability. Restaurant/cafe
density was higher in areas with lower economic status, and higher spatially lagged economic status.
Bar density, however, was higher in areas with higher levels of economic status, and higher spatially
lagged economic status.

Previous studies conducted in U.S. cities have shown that socioeconomic disadvantage and
lower economic status were positively related to alcohol outlet density [12,22,24–26,30]. Our results
suggest that, in Valencia, off-premise outlets are located in lower economic status neighborhoods,
restaurants/cafes are located in areas with lower local economic status but higher lagged economic
status, while bars appear to have a different spatial signature (i.e., in local and lagged areas with
higher economic status). Particularly interesting are the results for restaurants-cafes, which suggest
that neighborhoods with higher density of restaurants/cafes are more likely to have lower economic
status, but their neighboring areas are more likely to have higher economic status. Future studies
would benefit from exploring the mechanisms involved in this relationship between local and lagged
economic status and the restaurant and cafe distribution.

On the other hand, the location of the bars presents clear differences compared to the U.S., where
alcohol outlet density tends to be associated to lower economic status areas. In our study, bar density
was higher in local and lagged areas with higher economic status. These differences may reflect the
characteristics of those who frequent bars and the reasons why people go to bars. In Valencia (and other
Spanish cities), areas with a high number of bars are often frequented by young people who have a job
or are studying at the university, and going to bars is culturally seen as a social activity. In this regard,
bars would be more a meeting space than just a place for alcohol consumption. These areas with a
higher density of bars often become popular areas and the cost of alcohol consumption at bars in these
trendy areas tend to be higher, attracting a more wealthy type of clientele. These differences in the use
of bars could lead to the different spatial association with neighborhood characteristics that we found
in our study.

In regard to immigrant concentration, areas with higher immigrant concentration showed higher
off-premise density. However, immigrant concentration was not associated with restaurants/cafes
or bar density. Previous studies have also shown mixed results regarding the influence of immigrant
concentration on alcohol outlet density [26–29]. Similarly, residential instability was only relevant in
the off-premise density model, however, in contrast to previous studies [27], our results showed a
negative relationship between residential instability and off-premise density. In other words, those
areas with higher residential stability showed higher off-premise density. These results suggest that
off-premise establishments in Valencia are more frequent in stable neighborhoods, with families that
tend to live in the same areas for a long time.

Taken together, these results suggest that research on the spatial distribution of alcohol outlets
and the neighborhood characteristics influencing this distribution conducted in “dry” countries cannot
be directly extrapolated to “wet” drinking countries, where the drinking patterns and culture are
different. Clearly, further cross-cultural research is needed to better understand the different spatial
distribution of alcohol outlets in countries with different drinking cultures.
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Our study also showed the spatiotemporal trends of alcohol outlets from 2010 to 2015.
Off-premises and bars models showed a clear improvement in fit when introducing a spatiotemporal
structure, and only restaurants/cafes showed a better fit using only a spatial model, suggesting
different space-time patterns depending on the alcohol outlet category. For example, during this time
period, off-premise density increased in the central and eastern part of the city, and decreased in the
peripheral areas. On the other hand, bar density increased in the south-central part of the city. This area
corresponds to one of the traditional neighborhoods of Valencia, which has become a trendy district
for the city’s nightlife after a process of gentrification [56], which may explain the significant increase
in bars in the area. Restaurant/cafe density, however, did not show important changes over the years,
suggesting stable density levels.

To examine whether alcohol outlets were associated with alcohol-related problems in the
neighborhoods, we also analyzed the influence of alcohol outlet density on alcohol-related
calls-for-service. Results showed that bar density was the only alcohol outlet category with a positive
association with alcohol-related calls-for-service risks. Restaurant/cafe density showed a negative
relationship. Off-premise establishments showed no association with alcohol-related calls-for-service.
When comparing the spatial distribution of alcohol-related calls-for-service and alcohol outlets, we can
observe that the spatial pattern of alcohol-related calls-for-service is similar to the spatial distribution
of bars. Specifically, the centre of the city showed higher relative risk of alcohol-related calls-for-service,
as well as higher bar density. In addition, the temporal trend for calls-for-service (increasing in the
south areas and decreasing in the north areas) is more coincident with the temporal trend for bars,
which shows the same change patterns.

These findings show that police alcohol-related interventions are more common in neighborhoods
with a higher density of bars. Despite the fact that these high bar-density areas are located in
higher-income areas, police interventions are requested more often in these areas due to alcohol-related
problems. This is similar to the context in the U.S., where bars are related to a variety of crimes [6,19];
although those studies did not measure only alcohol-related crimes. However, off-premise density
was not related to alcohol-related calls-for-service. In the U.S., off-premise establishments are seen
as an indicator of a “spiral of decay” that leads to more social problems, such as violent crime or
injuries [8,57–59]. These differences between Spain and U.S. cities could be explained by the different
meaning of off-premise establishments in Spain. In a wet country like Spain, the sale of alcohol
does not require strict conditions, and alcohol is easily available in many establishments, including
supermarkets, grocery stores, petrol stations, or small stores, where they are usually displayed along
with nonalcoholic beverages. Spain, and by extension, wet drinking countries, would have the
off-premise sale of alcohol more integrated into social life. These differences regarding off-premises
may also be due to the fact that our study only assessed alcohol-related crimes. The U.S. studies tend to
focus on all crimes within a specified area. As off-premise outlets do not allow alcohol use on premise,
the number of alcohol-related crimes may actually be unaffected. In addition, wealthy neighborhoods
may be more likely to call the police, because they may show greater trust in the police system, or
because the police could be more likely to respond promptly in this type of neighborhoods than in
deprived neighborhoods. However, we do not have available data to assess these possible relationships.
Cross-cultural studies are needed to further analyze these differences and the implications of alcohol
outlets in social problems.

This study has both strengths and limitations. Among the strengths, to the best of our knowledge,
this is the first study on the spatial-temporal distribution of alcohol outlets in a city from a “wet” country.
Most of the research in this field has been conducted in U.S. or northern European countries. Our results
show that the influence of neighborhood-level variables on the distribution of alcohol outlets could
be different in southern European cities, and that it is important to take into account the country’s
drinking culture to make appropriate conclusions. In addition, this study uses a spatiotemporal
perspective. This type of analysis presents major advantages because it reflects not only the spatial
distribution, but it also accounts for changes over time. Studies that only consider spatial trends could
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bias the results and mask any relationship between variables [49]. In addition, we use a Bayesian
perspective, and we introduced different random-effects accounting for both spatial and temporal
influences. Bayesian modelling has the advantage of addressing issues such as spatial autocorrelation
or overdispersion, which can bias estimates if not taken into account [60–62]. Finally, this study
provides information about alcohol outlet distribution in small areas. Some studies have focused on
larger areas such as zip codes, census tracks, or counties [7,26,63]; we used census block groups, which
were the smallest spatial unit available. This high-spatial resolution approach addressed potential
issues in ecological studies due to aggregation effects [62].

This study has also limitations. First, some traditional variables used for characterizing
neighborhoods were not available for this study; for example, other socioeconomic indicators
used in previous research that may reflect the better economic status of the census block groups
(e.g., income, unemployment, or poverty indicators [19,25,28,29]), or variables related to neighborhood
disorder [64,65]. In addition, we cannot discard that some endogeneity may exist in the relationship
between bars, crime, and property values. For example, property values may be a product of overall
crime rates in the area. Future research should address the possible nonrecursive relationship between
these variables, and study the causality processes that would be explaining the results found in
this study.

Regarding methodological aspects, a potential issue is the modifiable areal unit problem [66].
In addition, our analysis may also be subjected to edge effect, where spillovers into surrounding rural
areas around Valencia are not included in our model [5,67]. Another possible limitation is that, due
to the short number of years available, we have used a linear time trend. However, other alternative
and more complex models may be more appropriate and reveal more information about the problem
when using longer time periods, such as an autoregressive structure or other nonlinear space-time
models [51,52,68].

In addition, it is important to note that alcohol-related calls refer only to those cases where
police are required to intervene for alcohol-related problems, and they do not reflect other outcomes,
such as hospital admissions, where the police do not intervene, or traffic crashes where alcohol is
involved, which were not available for this study. Future research would benefit from focusing on
other alcohol-related outcomes and explore their relationships with alcohol outlet density. In addition,
more research is needed in the context of wet drinking countries, in order to analyze if they show the
same sociospatial patterns, which differ from those found in dry drinking countries.

5. Conclusions

This is the first study focused on the spatiotemporal distribution of alcohol outlets in a city from
a wet drinking country, and its relationship with alcohol-related calls-for-service. After analyzing
the different categories of alcohol outlets, we can conclude that they present different space-time
distributions, as well as different associations with neighborhood-level characteristics. This suggests
that an aggregated measure of total alcohol outlet density would not be appropriate, and future studies
that use alcohol outlets to study social outcomes in a wet country should take into account each
category separately.

Our results regarding alcohol-related calls-for-service could be of help for planning and evaluating
prevention policies for alcohol-related police interventions, focusing on those places with high density
of bars, which show more alcohol-related problems that require police intervention.

Future studies should focus on using these alcohol outlets categories to explain different
social problems (i.e., intimate partner violence or child maltreatment) after controlling for
social disorganization traditional variables (e.g., socioeconomic status, immigrant concentration,
or residential instability). In addition, future studies should focus on analyzing whether the influence
of alcohol outlet density in neighborhood social problems in wet countries follow the same patterns as
those found in previous studies conducted in dry drinking countries.
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