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Highlights

e Atotal of 7.983 food stores in Barcelona are classified in 11 categories.

e The 5.9% are stores with organic food available.

e Neighbourhoods with a larger proportion of non-natives have better food access.
e Access to organic food is driven by socioeconomic status of neighbourhoods.

e Bivariate LISA shows that there are areas of the city where this is not applicable.
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Abstract

Unhealthy dietary habits are affecting negatively the health status of citizens throughout the
world. Reversing unequal local food environments, in terms of physical accessibility to food
stores with healthy items, can be an effective way to mitigate the poor eating habits of the
population and contribute to the sustainability of agri-food systems. The main objective of this
study is to explore the characteristics of local food environments in the city of Barcelona
(Catalonia, Spain), and to analyse the existence of sociodemographic inequalities in the access
to food stores with or without supply of organic products. Based on an official database of
commercial premises and on additional information, 7,983 food stores have been identified
and classified, 471 (5.9%) of which supply organic food. Spearman's Rho correlation and Local
Indicator of Spatial Association (LISA) analyses are applied to investigate the global and local
relationships between food access and two sociodemographic variables, namely Household
Income Index and percentage of non-Spanish inhabitants. Results demonstrate that, even
though total food access and organic food access are positively influenced by the
socioeconomic level of the neighbourhoods, this is not the case in some areas of the city,
where other factors might be more influential. Our findings emphasise the importance of local
food environments in shaping health, and the need to promote its equality across different
socioeconomically segregated areas to counterbalance negative effects on the health of

vulnerable populations.

Keywords: Local food environments; accessibility; organic food; spatial inequality; Barcelona
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1. Introduction

There are renewed social and academic concerns over spatial inequality worldwide. The global
financial crisis, which started in 2008, and the growing globalization of labour and capital are
major culprit (Wei 2015; Zwiers et al., 2016). On the one hand, the financial crisis has more
severely affected disadvantaged households and exacerbated poverty (van Lanen, 2017). On
the other hand, globalization and post-Fordist economic restructuring has mostly benefited
higher-ranked socioeconomic groups, as they receive a greater proportion of total earnings
(Reardon and Bischoff, 2011). These phenomena have thus risen income and wealth disparity

and fuelled spatial inequality.

Literature on spatial segregation effects suggests that the mere fact of residing in poverty
concentration neighbourhoods may involve negative impacts on their residents’ education,
occupational status or health (van Ham et al., 2018). Concerning health neighbourhood effects,
it has been demonstrated that mortality from preventable death causes is higher in
neighbourhoods with low socioeconomic status (Hoffmann et al., 2014) and that poorer
dietary habits might be partly responsible (Schwingshackl and Hoffmann, 2015). Among the
different neighbourhood effects mechanisms (as classified by Galster [2012]) that can explain
this negative eating behaviours, the “Local Market Actors” institutional mechanism is of
particular significance. This mechanism would explain the substantial spatial variations in the
prevalence of many sorts of market actors whose proximity may influence on health-related
behaviours of neighbourhood residents, such as smoking, alcohol consumption, or diet. In this
sense, there is a growing body of research that aims to demonstrate that socioeconomically
segregated urban areas have unequal local food environments, and that this may imply
nutrition-related health issues (Ball et al., 2009; Gordon et al., 2011; Howlett et al., 2016;
Morland and Evenson, 2009; Morland et al., 2006; Powell et al., 2007). Local food
environments “comprise the foods available to people in their surroundings as they go about
their everyday lives and the nutritional quality, safety, price, convenience, labelling and
promotion of these foods” (FAO, 2016). Therefore, local food environments influence the
options available to individuals and families, and thus food choices. The objective of this study
is to analyse the local food environments of the city of Barcelona (Spain), considering the
access to conventional food stores, and those that predominantly or partly sell organic food. In
addition, we will explore the influence of sociodemographic factors on access to conventional
and organic food. Concretely, and in line with previous research, ethnicity and socioeconomic

dimensions of food access in the city are explored.
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Subsequently in this introduction, we argue that increasing the access to stores with organic
food may increase in consumption of healthy organic foods, support healthy dietary habits and
the transition to more sustainable food systems, and thus have a positive impact on both
health and the environment. The remainder of this article is structured as follows. Section 1.2
outlines the main motivations to consume organic food. Section 1.3 reviews the literature on
inequalities in healthy food access and health implications. Section 2 introduces the
methodology. Section 3 presents the results of the empirical analyses. Section 4 discusses

these results and their implications, and section 5 concludes.
1.1. Reasons for consuming organic food

Organic farming is a food production system that relies on environmentally sound techniques
and avoids the use of synthetic chemicals for the management of nutrients and pests. In the
last years, Europe’s demand of organic products has continued to increase. From 2015 to
2016, the European organic food market raised up by 11.4% (Willer et al., 2018), and by 10.5%
in the following year (Willer et al., 2019). The main factors that explain this growing demand
for organic food are the health concerns of the population and the perceived notion that
organic food is more natural and healthier (Brantsaeter et al., 2017; Nasir and Karakaya, F.
(2014); Padel and Foster, 2005). Environmental concerns, animal welfare, sensory appeal or
local production, are also important factors that may influence consumption of organic food

(Annunziata and Vecchio, 2016; Lockie et al., 2002).

Despite the perceived benefits of consuming organic foods, a number of research studies have
been conducted to verify these claims. In this line, it has been proved that there are some
compositional differences between organic and conventionally produced food. Organic food
has a higher concentration of several nutrients compared to conventional food, such as
vitamin C, antioxidants and minerals, among others (Hunter et al., 2011; Orsini et al., 2016). In
addition, detectable pesticides residues are more commonly found in conventionally produced
food. However, there is still a lack of evidence supporting that these differences can be
causally related to any objectively measurable improvement in human health (Brantseeter et
al.,, 2017; Magkos et al., 2006; Williams, 2002). Concerning the environmental benefits of
opting for organic consumption, given that the use of most pesticides is prohibited in organic

farming, impact on biodiversity caused by ecotoxicity is minimized (Bengtsson et al., 2005).

In any case, a growing body of academic opinion suggests that betting for more technologically
advanced and multifunctional organic farming systems will be vital to reduce the

environmental impacts of food production, and to achieve food security in the near future
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(Guzman et al., 2011; Ponisio et al., 2015; Seufert et al., 2012). Hence, encouraging the
consumption of organic food might be a rational health and environmental policy initiative in
urban areas. In addition, if this initiative gives preference to the consumption of organic
healthy items, such as fruits and vegetables, indirect health benefits will be gained as well
(Slavin and Lloyd, 2012). However, there are barriers to its consumption. The price premium of
organic food products influences negatively on the purchase frequency of this kind of produce
(Vittersg and Tangeland, 2015). Another principal barrier to the development of organic food
markets is the lack of access to organic products (Aertsens et al., 2009; Li et al., 2018; Vittersg
and Tangeland, 2015). Therefore, enhancing the access to these products can significantly
contribute to increase their consumption, and even lead to lower prices due to more

competition in the sector.
1.2. Food access inequalities and health implications

A large body of academic studies have focused on the role of physical accessibility to food on
nutrition and health. According to these studies, mostly conducted in US cities, unsuitable
access to food stores with healthy products is related to poorer dietary habits (Black et al.,
2014; Caspi et al., 2012; Laraia et al., 2004;). This limited access to food and its consequent
negative dietary behaviours can adversely affect citizens’ health (Howlett et al., 2016; Morland
and Evenson, 2009; Morland et al., 2006; Powell et al., 2007). This issue is aggravated in the
areas called “food deserts”. Food deserts might be simply described as areas with poor access
to food stores with healthy options (Clarke et al., 2002; Yeager and Gatrell, 2014), or involve a
sociodemographic component, namely access being modulated by socioeconomic status or

ethnicity (Cummins and Macintyre, 2002; Smoyer-Tomic et al., 2006).

Research has shown that often low income or ethnic minority neighbourhoods have
significantly poorer access to healthy food in comparison with predominantly white and
wealthier neighbourhoods. Consequently, this may be inhibiting their residents from making
health dietary choices (Ball et al., 2009; Gordon et al., 2011; Powell et al., 2007). Moreover, it
has also been found that disadvantaged neighbourhoods have significantly more access to
stores with less healthy food available (e.g. convenience stores), so-called “food swamps”,
with possible negative effects on their health (Galvez et al. 2010; Hager et al., 2017). However,
the relationship between the socioeconomic status of a neighbourhood and accessibility to
supermarkets or other stores with healthy food options has not always been consistent,
particularly outside the US. The less pronounced residential segregation of non-US cities can

be an explanation for the similarity in the access to supermarkets in neighbourhoods with
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different ethnical and socioeconomic backgrounds (Helbich et al., 2017; Macdonald et al.,

2009; Smoyer-Tomic et al., 2006).

Lastly, gentrification processes could have enhanced the access to supermarkets and other
specialty format stores in poorest inner-city neighbourhoods (Smoyer-Tomic et al., 2006). Yet,
in these areas food prices can be a factor of exclusion and social divide since these expensive
stores would be unaffordable for low-income families (Breyer & Voss-Andreae, 2013). Either
way, increasing access to food stores offering greater availability and variety of healthy foods,
such as organic food stores, can have a positive impact on healthy eating habits of the
population (Morland and Filomena, 2007; Menezes et al., 2017; Weatherspoon et al., 2015;
Zenk et al., 2009).

2. Method

The city of Barcelona was selected as case study. Barcelona is the second most populated city
in Spain with over 1.6 million inhabitants. In addition, it is visited annually by 8.3 million

tourists.

As in other cities of the Mediterranean region (CIHEAM/FAQ, 2015), unhealthy dietary habits
have also emerged in Barcelona. A recent local study has revealed that only 11.7% of citizens
comply with the dietary recommendation of eating five or more portions of fruits and
vegetables per day (ASPB, 2016), an indicator of adherence to a Mediterranean diet. This
percentage decreases to 6.6% (ASPB, 2016) for children under 14 years of age. Another recent
study in Catalonia (the region where Barcelona is located) has shown that higher
socioeconomic groups tend to adopt a proper Mediterranean diet and consume less energy-
dense foods (GENCAT, 2018). The findings of these studies highlight the need to implement
measures that encourage greater consumption of healthy foods in the city (i.e. fruits,
vegetables and other products commonly used in the Mediterranean diet), instead of
increasingly providing energy-dense and nutrient-poor foods, especially in socially deprived

areas.

Barcelona is a traditional Mediterranean compact city characterized by high population
densities and mixture of urban land uses (Monclus, 1998). This may imply more equal physical
accessibility to food stores than in US cities, but no research has yet been conducted to
corroborate it. In addition, recent statistics point to the influence on dietary behaviour of local
food environments in Barcelona. For instance, it has been reported that 85.5% of the citizens

of Barcelona walk to buy fresh food (AB, 2017a). Also, between 91-97% (depending on the
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food type) do their main food shopping in proximity, that is, in stores within the

neighbourhood of residence (AB, 2017b).

The city of Barcelona is administratively divided into 10 districts and 73 neighbourhoods (Fig.
1), which present wide sociodemographic disparities as pointed out by recent studies (Lara
Navarro-Varas et al., 2018). The districts of Ciutat Vella (the old city) and Eixample are

considered the centre of the city.

|:' District boundaries

D Neighbourhood boundaries

Figure 1. District and neighbourhood boundaries of Barcelona.

2.1. Food stores data source and classification

Data on food stores location in the city of Barcelona for 2016 was obtained from the
Commercial premises’ inventory of Barcelona (AB, 2016). This database provides information,
as well as the spatial location, of all the existing ground floor commercial premises in the city
(n = 78,033). Based on this information and other complementary sources, 11 food store
categories were created depending on the size, the opening hours, and the availability of fresh
organic products. Table 1 offers a summarised description of these food store categories.
These were: convenience stores, small specialized stores, municipal market stands, small
organic stores, supermarkets, supermarkets with organic, organic supermarkets, hypermarket,

hypermarkets with organic, weekly markets, and organic weekly markets.
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To an important extent, small organic stores and organic supermarkets classification was
based on the information from a participatory GIS project carried out by the City Council of
Barcelona (BS, 2018). Additionally, when classifying food stores, we followed a sequential
process consisting of the subsequent steps: (1) we searched for the terms “eco”, “bio”, “natur”
and “organic” in the store’s name field of the database; (2) we applied a direct search with
Google® engine using the key terms “food” OR “supermarket” OR “store” AND “organic” OR
“bio” OR “natural”, both in Catalan and in Spanish languages; and (3) we applied a deductive
search based on the store name (e.g. unusual names such as “Monmax” or “Giotiga”). The
existence and location of each of the stores was subsequently confirmed using Google® and

Google Street View®, using the function of selection of images from the past.

Supermarkets of well-known supermarket chains operating in Spain were identified in the
store’s name field of the database. Besides, other less-known supermarkets of smaller chains
were identified by searching stores with their name repeated in the store name’s field three or
more times. Subsequently, the existence of less known local and regional supermarket stores
was confirmed in Google®. In total, 37 supermarket chains were identified, of which four were
classified as organic supermarkets. The category supermarkets with organic was formed based
on the availability of fresh organic products in 2016, concretely fruits and vegetables. This
information was obtained and confirmed by contacting the supermarket chain’s customer
service. When this previous step was not possible, we contacted by telephone up to three
stores of the same chain. If we still could not confirm the offer of fresh organic products (fruits
and vegetables), at least one store of the chain was visited, and the shopkeeper enquired. In

total 10 out of 33 supermarket chains were classified as supermarkets with organic.

The identification of convenience stores was also based on a systematic procedure. This is a
relatively new typology of store that has surged with the last immigration wave to Barcelona
(Guell, 2017). The stores that had foreign names were entered in this category (e.g. “Ahmed
Groceries” or “Malik Foods” [in Catalan]). Complementarily, a deductive search based on the
store’s name was also applied (e.g. simple names such as “Supermarket 24 H”, or “Mini
Supermarket” [in Catalan]). The classification was further verified based on the aesthetics of
the store facade viewed through Google Street View®, using again the function of selection of

images from the past.

Hypermarkets and municipal market stands already had a category defined in the database.
The rest of food stores in the database were classified as small specialised stores. Finally, the

information about location and type of weekly markets or organic weekly markets were
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obtained from another participatory GIS project (Mercatsetmanal.cat, 2018), and added to the

spatial dataset.

Food store categories

Description

Convenience stores

Small specialized stores

Municipal market stands
Small organic stores
Supermarkets
Supermarkets with organic
Organic supermarkets
Hypermarket
Hypermarkets with organic
Weekly market

Organic weekly market

Small sized and generalist (wide and shallow assortment) food stores mostly
managed by non-Spanish. It is also characterized by very broad opening hours.
Small sized and specialised food stores (e.g. bakeries, butcher shop, fish shop,
etc.). It also includes delis, ready-made food stores and ethnic food stores.
Small sized and specialised food stores but located within a municipal market.
Small sized and generalist organic food stores

Medium sized and generalist food stores

Medium sized and generalist food stores with organic food available

Medium sized generalists organic food stores

Large sized and generalist food stores

Large sized and generalist food stores with organic food available

Outdoor market in a public space that take place once a week.

Outdoor organic market in a public space that take place once a week.

Table 1. Food store categories and description.

2.2. Food access of Barcelona neighbourhoods

Spatial accessibility to the different food store categories was measured by applying kernel
density estimations. This is a commonly used method to evaluate the local density of
geographically referenced point data (in this case food stores), in which density estimations
are weighted by distance from the point of interest within the search radius (Menezes et al.,
2017; Moore et al., 2008). The selected Kernel function was quartic and the bandwidth was
fixed to 650 meters. In the particular context of Barcelona, this distance has been defined for
short journeys, that is, those that can be covered walking in less than 10 minutes (assuming an
average speed of 4 km/h) (Marquet and Miralles-Guasch, 2014). The spatial unit of analyses is
the neighbourhood (in Barcelona n = 73). This is the smallest administrative unit with updated

sociodemographic information available.

The sum of the kernel density estimates in the raster cells within the boundaries of the
neighbourhoods was calculated for each food store category. However, since Barcelona is a
Mediterranean city with a quite heterogenous distribution of land uses, this sum was only
applied in residential land use covers within the neighbourhood boundaries. In high-density
urban areas, food stores spatial distribution is strongly determined by population density
(Morland and Filomena, 2007). Thus, the sum of the kernel density estimates in each
neighbourhood was divided by the number of inhabitants in order to obtain more realistic

estimates of accessibility to food stores.
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Apart from kernel densities, food store categories were weighted differently according to two
other relevant food access criteria in urban areas, namely opening hours and store surface.
Opening hours are a very important aspect of accessibility, especially in Spain, due to its well-
known unbalanced work-life routine characterized by long work shifts that can end at 8-9 pm
(Medina et al., 2012). Surface, on the other hand, reflects the capacity of the store to sell a
wider variety of food items. Indeed, previous studies have shown that the surface of food
stores is a good proxy of availability and variety of healthy food items (Farley et al., 2009).
Other food access studies have applied similar weighting systems in order to consider access
variability of different food stores (Dai and Wang, 2011; Yeager and Gatrell, 2014). Table 2
shows the opening hours and the surface differences between the various categories, as well
as the final weight applied according to both criteria. After applying the corresponding final
weights, two aggregated food access variables were calculated: organic food access
(OrganicFA) and total food access (TotalFA). The former only aggregates the access values of
the food store categories with organic food items available, that is; small organic stores,
supermarkets with organic, organic supermarkets, hypermarkets with organic, and organic
weekly markets. The later includes the access values of the organic food stores, as well as the

food stores without organic food items available, that is all the categories listed in table 1.

Surface Opening hours
Food store categories Final weight’
Approx. m?2 Weight Hours/week Weight

Convenience stores 40 - 400 2 98 14 231
Small specialized stores 40 - 400 2 48 6.86 1.61
Municipal market stands 20 - 100 1 38 5.43 1.00
Small organic stores 40 - 400 2 48 6.86 1.61
Supermarkets 400 - 2500 7 72 10.29 4.29
Supermarkets with organic 400 - 2500 7 72  10.29 4.29
Organic supermarkets 400 - 2500 7 72 10.29 4.29
Hypermarkets > 2500 15 72 10.29 8.05
Hypermarkets with organic > 2500 15 72  10.29 8.05
Weekly markets 400 - 2500 7 7 1 3.39
Organic weekly markets 400 - 2500 7 7 1 3.39

Note: Surface and opening hours information has been obtained from the Catalan Government Law 18/2017, of
August 1, on trade, services and fairs. Also, expert knowledge was required.

* The final weight is applied with a weight of 8/10 to the surface criterion and 2/10 to the opening hours criterion.

Table 2. Surface and opening hours of the different food stores and applied access weights.

2.3. Data analysis
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To test if there are ethnicity or socioeconomic inequalities in food access in the city of
Barcelona, two variables were obtained at the neighbourhood level from the Department of
Statistics and Dissemination of Data of the Barcelona City Council (AB, 2018). One is the
Households Income Index (HI_index) for 2016. This is an estimated indicator of average
households’ income based on the weighting of different variables, which allows to know the
socioeconomic position of each one of the neighbourhoods in relation to the city average
(Barcelona Hi_index value is set at 100). The second is the percentage of non-Spanish
inhabitants (perc_nonS) living in the neighbourhood in 2016. In Barcelona, non-Spanish

residents (perc_nonS) represented 16.6% in 2016.

The nature and magnitude of the correlation of these two sociodemographic variables and the
food access variables (OrganicFA and TotalFA) was tested by means of Spearman's Rho non-
parametric test, given the non-normal distribution of most of the variables. We defined r
values higher than |0.5]| as representing strong correlations, r values between |0.5| and |0.3|
as representing moderate correlations, and r values lower than |0.3| as representing weak

correlations.

Furthermore, this study was also aimed at exploring the spatial distribution of food access
across the city, and more concretely, the existence of spatial clusters of neighbourhoods with
similarly high or low values of the food access estimates, with and without relation to the
sociodemographic characteristics of the neighbourhoods. For this purpose, the univariate and
bivariate version of the Local Indicator of Spatial Association (LISA) analyses were applied.
Univariate LISA, based on local Moran's | index, is used to identify either spatial clusters or
outliers in a given variable (Anselin, 1995). This analysis was applied with both the OrganicFA
and TotalFA variables. This spatial autocorrelation analysis was used to identify
neighbourhoods with a high food access value in a high food access area (High-High) or
neighbourhoods with a low food access value in a low food access area (Low-Low). On the
other hand, spatial outliers can also be found, that is, cases of neighbourhoods with a high
food access value in a low food access area (High-Low) or neighbourhoods with a low food

access value in a high food access area (Low-High).

The extended bivariate version of LISA has been developed to analyse spatial correlations
between one variable at a location and a different variable at the neighbouring locations
(Anselin et al., 2002). We also used this methodology to analyse access inter-neighbourhood
inequalities based on sociodemographic characteristics. The resulting maps show

neighbourhoods with significant spatial correlations between food access and

10
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sociodemographic variables, either in the same vein of the general correlation or showing
contrasting local associations between both types of variables. For instance, a neighbourhood
with a high value of TotalFA where values of HI_index are high will be depicted as High-High in
the map. A neighbourhood with a low value of OrganicFA where values of perc_nonS are high

will be showed as Low-High.

When analysing the spatial relationship between neighbourhoods through LISA, it was
necessary to establish the limits of what is considered “neighbouring” neighbourhoods. In this
case, and due to the spatial isolation of certain neighbourhoods, we used a Queen's approach
from Thiessen polygons obtained from the centroids of the neighbourhoods (Anselin and Rey,

2014).
3. Results

In 2016, Barcelona had 7,983 food stores that can be classified according to the proposed
categories (see Table 1). The most frequent category corresponds to small specialized stores
(43.48%), followed by municipal market stands (26.09%) (Table 3). The least frequent
categories are hypermarkets (n = 3) and weekly markets (n = 7). Concerning stores with organic
products (n = 471; 5.90%), there were 233 supermarkets with organic (2.92%), 166 small
organic stores (2.06%), and 48 organic supermarkets (0.60%). In what refers to supermarkets
and hypermarkets (i.e. supermarkets, supermarkets with organic, organic supermarkets,
hypermarkets, hypermarkets with organic), we listed 882 stores. Supermarkets and
hypermarkets are the most commonly reported categories of stores in the literature on food

environments, and their density allows comparison with results from other case studies.

Food store categories n %
Convenience stores 1,366 17.11
Small specialized stores 3,471 43.48
Municipal market stands 2,083 26.09
Small organic stores 166 2.08
Supermarkets 582 7.29
Supermarkets with organic 233 2.92
Organic supermarkets 48 0.60
Hypermarket 3 0.04
Hypermarkets with organic 16 0.20
Weekly market 7 0.09
Organic weekly market 8 0.10

Table 3. Frequency and percentage of food store categories in Barcelona in 2016.

11
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With respect to food access variables OrganicFA and TotalFA (Fig. 2), the city centre (especially
in the districts of Eixample and Gracia) is the area that concentrates the highest values of
OrganicFA (quintile 5). On the contrary, the western, eastern and northeaster areas show very
low values of OrganicFA (quintile 1) (Les Corts, Nou Barris, Sant Andreu and Sant Marti). The
spatial distribution of total food access (TotalFA) is similar. However, the highest values
(quintile 5) are instead found on the coastal neighbourhoods from the city centre (Ciutat Vella
and Example). Regarding Hi_index, it can be appreciated in the map that most affluent
neighbourhoods are located in the centre-west area of Barcelona and the centre-east coastal
areas (Sarria-Sant Gervasi, Les Corts, Eixample and Gracia). Most deprived neighbourhoods are
located in the north (Nou Barris and Sant Andreu). Most non-Spanish residents inhabit centre-
south areas, eastern and northern areas of the city (Sants-Montjuic, Eixample, Ciutat Vella,

Sant Marti and Nou Barris).

fotal food access (quintles)
5

4
3
2
1
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Figure 2. Food access and sociodemographic variables’ values at neighbourhood scale. The variables’ values are

represented in quintiles.

The bivariate (Spearman's rho) correlation analyses (Table 4) confirms that the two food access
variables are strongly correlated, which is understandable because TotalFA includes
OrganicFA, although the correlation is not perfect. This fact denotes that OrganicFA spatial
distribution is led by some different drivers. HI_index is strongly correlated with OrganicFA,
but only weakly correlated with TotalFA. This result confirms that access to food stores with
organic products is unequally distributed in the city, and that it is driven by socioeconomic
status of neighbourhoods. Concerning ethnicity, perc_nonS is moderately and positively
correlated with TotalFA, and uncorrelated with OrganicFA. This indicates that, contrary to
what other studies have shown, neighbourhoods with a larger proportion of non-native

residents have better access to food stores, but not especially to organic ones.

OrganicFA TotalFA HI_index
TotalFA 0.728**
HI_index 0.516** 0.230*
perc_nonS 0.167 0.329** 0.020

Note: *Variable significant at the 0.05 level; **Variable significant at the 0.01 level.

Table 4. Correlations between food access and sociodemographic variables. Spearman's rho correlation
coefficients r 2 |0.5| (indicating strong correlation) are depicted in dark grey, |0.3| s r < |0.5| (indicating
moderate correlation) are shown in light grey, and cells containing r <|0.3| (indicating weak correlation) are not

filled.

The results of the univariate LISA analyses (Fig. 3) show that, despite some slight differences,
food access of both categories, OrganicFA and TotalFA, are higher in central areas of the city of
Barcelona (especially in the districts of Gracia and Eixample). Still, the neighbourhoods
surrounding these clusters enjoy moderate access in both cases. This causes that Low-Low
neighbourhood clusters are located in the outermost and hilly parts of the city, especially in
the north (Nou Barris and Sant Andreu). The most notable difference between OrganicFA and
TotalFA distribution, apart from some outliers, is that the latter is overrepresented in coastal

neighbourhoods in Ciutat Vella, one of the most tourist districts of Barcelona.
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Figure 3. Univariate LISA analyses results for the two food access variables.

Concerning the bivariate LISA analyses (Fig. 4), it can be corroborated that the highest access
to stores with organic food options is in the western and more affluent neighbourhoods of the
city (especially in the districts of Sarria-Sant Gervasi, Les Corts, and Gracia), with few
exceptions. On the contrary, access to organic food is the lowest in the northern
neighbourhoods (Nou Barris and Sant Andreu), although there is a group of them with
significantly high access independently of their low-income characteristics. There are also
central areas of the city (Eixample and Ciutat Vella) that show high percentages of non-Spanish

inhabitants and high access to organic food stores.

High TotalFA is also associated with HI_index in the affluent western neighbourhoods (Sarria-
Sant Gervasi, Les Corts, and Gracia), but to a lesser extent than OrganicFA. Disadvantaged
neighbourhoods in the north of the city (Nou Barris and Sant Andreu) are consistently related
to low values of TotalFA, with few (High-Low) exceptions. High TotalFA values in areas with
high percentage of non-Spanish citizens occur in the centre, especially in the old town
neighbourhoods (Eixample and Ciutat Vella). This trend does not occur in the eastern and
northern neighbourhoods of the city (Les Corts, Horta-Guinardd, Nou Barris and Sant Andreu),

with high percentages of non-Spaniards and seemingly low access to food stores.
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Figure 4. Bivariate LISA analyses results for the food access and sociodemographic variables.

4. Discussion

Local food environments should ensure an equitable access to food stores offering healthy
foods to support healthy dietary habits. In addition, improving access to stores selling organic
food can enhance organic food consumption, especially of fresh fruits and vegetables, thus
contributing to the health status of the resident population as well as the environment. The
main aim of this study was to investigate the characteristics of local food environments in the
city of Barcelona, and to explore the existence of sociodemographic inequalities in access to

food stores with or without organic products.
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Just considering the offer of supermarkets and hypermarkets, Barcelona had a good general
food access of 8.63 stores/km?. Studies conducted in Amsterdam (Helbich et al., 2017),
Glasgow (Macdonald et al. 2009) or Bratislava (Krizan et al., 2015) reported densities of only
0.56, 0.38, and 0.63 stores/km?, respectively. If density is measured in (n) stores/1,000
inhabitants, the estimates for these European cities (0.15, 0.12 and 0.17, respectively) were
way below the 0.55 average value for Barcelona. However, this result does not imply that food

access is equally and fairly distributed throughout this city.

Regarding the access to stores offering organic items, results confirmed that a higher
socioeconomic status of neighbourhoods conveyed a greater access to this kind of stores.
Considering that organic food is regarded as healthier than conventional (Brantseeter et al.,
2017), this result is consistent with findings from Black et al. (2012) who proved that affluent
neighbourhoods might have greater access to a variety and quality of healthy foods. A
plausible explanation for the positive relationship between income and organic food access
could be the positive association between socioeconomic status and a greater demand for

healthy food products (Lynch et al., 1997).

Parallelly, research conducted in different contexts had pointed out that price was one of main
barriers to the purchasing of organic food (Lockie et al., 2002; Padel and Foster, 2005; Vittersg
and Tangeland, 2015). A recent study that sampled households in the study region, reported
that price was the main barrier to increase the consumption of this kind of products (DARPA,
2015). Therefore, it can be deduced that, in this case also, higher food prices of organic food
products could also explain why wealthier neighbourhoods had better access to these stores.
However, recent research in this field contradicts this finding and showed that income was not
significantly associated with presence of organic food stores (Li et al., 2018). Still, the authors
of the later study justified this by arguing that lower food prices offered in farmers markets
enabled their location in low-income neighbourhoods. The organic weekly markets category of
the present study also included farmer markets with organic products. Despite their possible
lower prices, there were only 8 stores of this category in Barcelona; a small number to

influence the results.

Other studies have reported that socioeconomic status can influence healthy eating habits as
much as personal preferences and values (Johansson et al., 1999), and that these personal
preferences and values are shared among individuals belonging to different socioeconomic
groups (Lockie et al., 2002). Therefore, personal preferences and values can be an important

factor for organic food demand beyond the socioeconomic status of individuals. This may
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explain why the bivariate LISA detected a group of neighbourhoods with significantly low
incomes and high access to stores with organic food in the northern area of the city. As a
matter of fact, these neighbourhoods are acknowledged by their active civil movements to
achieve good access to public services and environmental justice (Sempere, 2004; Masjuan et
al., 2008). In addition, these neighbourhoods are also characterised by having an important
presence of other alternative food supply elements, such as food consumer cooperatives and
public urban vegetable gardens (BS, 2018, Domene et al., 2016). People in these movements
show strong preferences for alternative food systems (socially and environmentally

sustainable) and are consequently willing to pay higher prices for certified organic food.

Despite the existing socioeconomic and ethnic heterogeneity in Barcelona, access to food
stores is only weakly positively correlated with socioeconomic level at the neighbourhood
scale, and moderately and positively correlated with percentage of non-Spanish residents.
Besides that, bivariate LISA results have identified a cluster of neighbourhoods in the northern
area of Barcelona where lower food access values were spatially correlated with lower
socioeconomic levels. In light of these results, it can be concluded that in Barcelona, similarly
to what happens in other developed non-English-speaking countries, there might be deprived
neighbourhoods with poorer food access (Helbich et al., 2017; Krizan et al., 2015; Shaw, 2012).
A study conducted by the Public Health Agency of Barcelona identified one neighborhood,
namely Ciutat Meridiana (in the district of Nou Barris), where poor nutrition among the young
and the elderly was one of the main health problems according to the residents (ASPB, 2009).
All these evidences highlight the need to further investigate if the comparatively lower food
access in these neighborhoods is actually limiting the healthy dietary habits of their residents,

or there are other limiting factors such as affordability, food culture, lifestyles, among others.

The investigations carried out in the US have more often indicated limited access to food in
neighbourhoods with ethnic minorities (Walker et al., 2010). On the other hand, a study
conducted in New York (US) found that predominantly Latino neighbourhoods had better food
access, but only if compared with predominantly Black/African-American neighbourhoods
(Gordon et al., 2011). In the present study, neighbourhoods with a larger proportion of non-
native residents have better access to food stores. One reason for this contradictory result
may be related to the higher food access in central neighbourhoods, the most touristic areas
of the city, which host a greater number of non-Spaniards, as has been observed in the
bivariate LISA results. A large number of small specialised stores and convenience stores are
located in this area, especially in the old town neighbourhoods. Many of these stores are

hosted by both Asian and European origin residents who have considered these businesses as
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a good way of life in the context of economic crisis (Glell, 2017). They may benefit from the
large number of visitors and workers coming to the area daily. In this context, another
phenomenon that must be taken into account is the appearance of “food mirages”, that is,
areas where access to food stores with healthy items is good, but the average prices of these
products are so high that their residents cannot easily purchase them (Breyer & Voss-Andreae,
2013). Future research should assess the magnitude of food mirages in these central
neighbourhoods with low income immigration and food prices adapted to the visitors’

purchasing power.

As previously mentioned, facilitating greater access to stores with organic food items can
promote changes in dietary habits and provoke significant health benefits to citizens and
potential positive environmental impacts. However, previous studies have demonstrated that
securing sufficient access to healthy food stores in socially disadvantaged neighbourhoods,
may not be sufficient by itself to make a significant impact on dietary choices and health
outcomes. For instance, a natural experiment study conducted in Philadelphia (US)
demonstrated that enhancing food access by opening a supermarket in a food desert was not
enough to influence the dietary behaviour of the community. They concluded that access-
focused initiatives should be complemented with other measures to stimulate dietary changes,
for instance, through price and availability, in order to bridge the gap between perception and
behaviour change (Cummins et al., 2014). Similarly, the opening of a new hypermarket in
Glasgow (UK) caused that approximately 30% of the sample of residents switched to this new
store for their main food shopping, but this was not enough to increase their intake of fruits
and vegetables (Cummins et al., 2005). Other studies have shown that, even in supermarkets,
the shelf space dedicated to unhealthy snacks items is often larger than the shelf space for
fresh fruits and vegetables (Farley et al., 2009). These evidences call to deepen on the
relationship between access to healthy food and dietary habits of Barcelona dwellers, so as to

study the effectiveness of food access-oriented measures.
5. Conclusions

Although the city of Barcelona has an abundant number of food stores possibly selling healthy
food items such as fresh products, this study has demonstrated that there are inequalities in
access to organic food between neighbourhoods of different socioeconomic conditions. For
instance, some deprived neighbourhoods in the northern part of the city may have more
limited access to food stores. When it comes to stores with organic food products, results have

demonstrated that wealthier neighbourhoods have significantly higher access than low-income
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neighbourhoods. In light of this evidence, local authorities should promote the creation of
affordable alternatives (e.g., farmer markets or organic food cooperatives) in these
neighbourhoods with deficient access to healthy organic food, so that they have equal

opportunities to make food choices.

The spatial autocorrelation analysis, concretely bivariate LISA, has also shown that
socioeconomic status is positively related to organic food access. Yet, there are areas of the
city where this is not applicable. This result reveals that in some neighbourhoods the demand
for organic food may be more determined by personal values (i.e., health and pro-
environmental motivations) than by purchasing power. This proves that there is still room for
increasing the demand for organic products, as well as other options that support alternative
food systems, by means of truthful campaigns informing about the actual social and
environmental benefits of its consumption. Enhancing the development of organic food
consumer cooperatives, which support sustainable sourcing for their products, and educate

consumers about responsible consumption, can prove an effective complementary strategy.

Cities across the world are enduring the consequences of nutrition-related health issues
boosted by spatial intra-urban inequality. Improving knowledge and understanding of the
configuration of local food environments in a broad sense, including all kinds of food
alternatives, and their impact on changing dietary habits, is essential in order to inform the
design of targeted interventions and policies that mitigate these negative neighbourhood

effects.
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