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The British grocery retail sector is experiencing rapid growth in Received 7 June 2021
online ordering for home delivery, resulting in considerable  Accepted 8 December 2021
supply side investment in delivery and fulfilment infrastructure.

: . . . - KEYWORDS
For retailers with a physical store network, investments typically Food desert: online
utilise larger format stores as delivery and fulfilment hubs. groceries; delivery coverage;

Proximity to the store network and delivery infrastructure capa- urban-rural inequalities; Gb
city thus drive the availability and choice of online groceries
provider at the neighbourhood level. We aim to assess the
geographical extent of online groceries coverage at a small-
area level in Great Britain (GB). We carry out a nationwide
assessment of the provision of online groceries, revealing gen-
erally excellent coverage within urban and suburban areas,
including those neighbourhoods that may have once been con-
sidered urban food deserts. However, rural-urban inequalities
are evident, with the most remote and rural catchments experi-
encing comparatively poor online groceries provision. We argue
that these inequalities give rise to a new form of food desert:
remote and rural neighbourhoods with the compounded effects
of poor access to physical retail provision (akin to ‘traditional’
food deserts) and the additional disadvantage of poor coverage
by online groceries providers. Many of these neighbourhoods
are already the most remote from physical store provision and
may also be faced with withdrawal of physical (retail) services.
We make a number of recommendations that could support the
provision of online groceries services in these areas and reflect
on the tremendous potential for ongoing research into widen-
ing inequalities in access to grocery retailing driven by the
geography of online groceries.

Introduction: spatial components of online groceries

Great Britain (GB) is experiencing rapid growth in the provision and consumer uptake of
online groceries (ordering groceries online for home delivery). In 2019 this market was
worth £11.6bn (Statista 2020), with considerable additional growth evidenced following
Covid-19 ‘lockdown’ periods. Whilst some of the earliest small-scale examples of e-shop-
ping for groceries were designed to support vulnerable consumers (Winterman and Kelly),
online groceries services experienced initial rapid growth in major urban areas that
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offered high-density internet-savvy affluent populations and thus high volume and value
online order potential. Whilst initial uptake of these services may have been constrained
by broadband availability, contemporary variations in online groceries uptake are pre-
dominantly driven by sociodemographic and geographic factors such as age, affluence
and access to physical retail opportunities (Clarke, Thompson, and Birkin 2015; Kirby-
Hawkins, Birkin, and Clarke 2018; Alexiou and Singleton 2018; Hood et al. 2020).

Complex spatial relationships between the demand-side (consumer propensity to shop
online for groceries) and the supply side (access to physical stores) are well documented.
These include two competing theories of ‘innovation-diffusion’ (online groceries spreads
or diffuses from major urban areas as centres of innovation) and ‘efficiency’ (poor access
to physical retail opportunities results in higher online-groceries uptake in rural areas)
(Anderson, Chatterjee, and Lakshmanan 2003). A number of studies have found evidence
for each theory - including evidence that they can occur concurrently — across a range of
spatial scales, product sectors and international contexts (see Beckers, Cardenas, and
Verhetsel 2018;; Hood et al. 2020, for an excellent summary and further examples).
Whilst existing studies highlight the important role of access to physical stores in driving
online groceries (Ren and Kwan 2009; Clarke, Thompson, and Birkin 2015; Farag et al.
2016; Kirby-Hawkins, Birkin, and Clarke 2018) they are focussed exclusively on indicators
of consumer uptake such as self-reported consumer propensity to place online groceries
orders (Hood et al. 2020) or transaction records capturing order volumes (Kirby-Hawkins,
Birkin, and Clarke 2018).

Previous research has not considered the provision of online groceries. Unlike other
product categories that benefit from near-universal deliverability via postal services, the
delivery of perishable online groceries requires retailer-led investment on the supply side
(Mortimer et al. 2016). Grocers with a nationwide physical store presence have adapted
many larger format stores to act as distribution centres (handling online order picking,
packing and delivery to consumers’ homes), enabling rapid expansion of this service using
existing logistical and warehousing systems (Davies, Dolega, and Arribas-Bel 2019;
Hlbner et al. 2016; Wollenburg et al. 2018). Other online ‘pure-play’ grocers such as
Ocado have utilised a warehouse-based model, developing large scale ‘online fulfilment
centres’ (OFCs) (also known as ‘dark stores’) to provide order fulfilment and delivery
capacity in major urban areas, discussed further in the following section.

Those consumers living farthest from large-format stores or OFCs - and thus poten-
tially most likely to want to use online groceries as a substitute for shopping in store (cf.
efficiency theory) may experience comparatively poorer provision of these services. We
aim to assess whether investment in distribution and fulfilment systems at the store and
OFC level has resulted in geographical inequalities in the local provision of online
groceries, specifically seeking to identify area-based inequalities in coverage and avail-
ability of these services. Our focus is on GB (the nations of England, Scotland and Wales).
Together with Northern Ireland (NI) these nations comprise the United Kingdom (UK). We
are not able to present a UK-wide assessment due to differences in data availability
between these nations, preventing creation of our wider index across the full UK geo-
graphical extent.

In the following sections, we undertake a GB-wide assessment of the geography of
online groceries provision at the neighbourhood level. We present novel research that
highlights inequalities in groceries retail provision which are exacerbated by restricted
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coverage of online groceries. We begin by outlining logistical considerations which drive
geographical variations in groceries accessibility, including the provision and coverage of
online groceries. We then detail our small-area analysis of online groceries provision using
web-scraped whole of the market data, in the first GB-wide assessment of delivery
coverage. We unpick some of the urban-rural inequalities in online groceries delivery
coverage and extend the ‘food deserts’ debate by additionally considering the impact of
online groceries coverage, presenting a new composite indicator of neighbourhood level
food desert-like characteristics. In the final section, we recognise a number of potentially
low cost solutions which could support retailers in expanding their coverage of these
services. We highlight the considerable potential for further research into online groceries
provision, especially given the growing consumer uptake of these services and their
potential role in reducing long-standing inequalities in access to groceries.

Literature review: online groceries provision as a potential driver of new
small-area inequalities

Inequalities in access to grocery retail opportunities

Geographers have long considered inequalities in access to physical grocery retail oppor-
tunities. Prominent studies in the late 1990s and early 2000s identified the presence of
‘food deserts’, neighbourhoods that faced poor access to large format grocery stores
providing fresh, healthy and affordable food (see Wrigley 2002; Wrigley, Warm, and
Margetts 2003). Many of these neighbourhoods were some of the most deprived in
England and Wales and located within inner city areas where residents faced considerable
financial and practical (e.g. access to transport) barriers to accessing food store provision
(Clarke, Eyre, and Guy 2002).

Wider debates surrounding food insecurity (Smith et al. 2018), healthy eating (Corfe
2018) and access to health-detrimental sources of food (Daras et al. 2019) recognise the
importance of access to food. However, these studies often take a broader definition of
food access to include information (e.g. considering the link between educational attain-
ment and diet, see Wrigley (2002)) and economic factors (addressing the link between
food security and poverty (Smith et al. 2018)) alongside geographical accessibility. Whilst
online groceries could potentially address a number of these food insecurity issues (for
example, by targeting product offers to encourage healthy eating or maximising compe-
tition within this market), we are unaware of any studies that have considered geographic
access to online groceries services in GB.

Considerable retail-led investment during the past 20 years may have largely
addressed the issue of urban food deserts. These include rapid growth of inner city and
suburban convenience stores operated by the major retailers and also growth in discount
retailers, the latter showing an initial preference for sites in proximity to relatively more
deprived urban communities. There has also been some recognition that online groceries
could ‘limit the extent to which [urban] food deserts are a significant problem’ (Corfe
2018) for example, by improving access to grocery shopping opportunities among house-
holds without private transport. The potential role of online groceries as a tool to improve
food access among disadvantaged households has been noted in a US context, with
Karsten and West (2017) reporting that the 2017 merger of Amazon and US grocer Whole



4 A. NEWING ET AL.

Foods afforded new potential for food deliveries to reach households who lacked access
to affordable and healthy food. Nevertheless, a review of a trial of online groceries as
a tool to provide deliveries to low-income households as part of the Supplemental
Nutrition Assistance Programme (SNAP) in the US identified that many of those neigh-
bourhoods designated as food deserts had limited coverage of online groceries, especially
in rural areas (Brandt et al. 2019). Whilst urban food deserts may represent an outdated
concept (indeed there was considerable debate at the time about their validity (Cummins
and Macintyre 2002), declining rural services and cuts to public transport provision may
be driving new inequalities in access to groceries, with rural areas faring worst. Whilst
there is growing recognition of the potential for rural food deserts in a US context
(McEntee and Agyeman 2010; Morton and Blanchard 2007; Yeager and Gatrell 2014; Li
and Kim 2020), GB food desert research was entirely urban focused. Our analysis explicitly
redresses the urban-rural imbalance in food deserts research, focussing on the role of
e-commerce in widening inequalities in access to groceries retail opportunities, which we
suggest are exacerbated in rural areas, as outlined in the following sub-section.

Area-based inequalities in the provision of online groceries

The perishable nature of groceries, high-order frequency and consumer preferences for
rapid delivery has required considerable retailer-led investment to operationalise online
groceries at a local level. For those retailers with an extensive store network, investment
has typically involved large-format physical stores acting as distribution centres for online
home delivery groceries orders from nearby neighbourhoods (Hibner et al. 2016;
Wollenburg et al. 2018). Whilst alternative click-and-collect online grocery channels
exist in some localities, their use in GB is dwarfed by home delivery, with around 10
times more regular or occasional users of the home delivery service relative to collection
points (Hood et al. 2020). Whilst not a direct part of our analysis and discussion in this
paper, our ongoing research — in collaboration with a major UK grocer — assesses the
geographical distribution of online groceries fulfilment capacity at the store level and will
generate further insight into the spatial decision-making undertaken by retailers in
relation to online groceries fulfilment.

Some retailers have also introduced online fulfilment centres (OFCs) (also known as
‘dark stores’) in locations where order volumes may make dedicated warehouse-based
distribution centres more efficient for order picking/packing and dispatch. Hiibner et al.
(2016) reported that Tesco served approximately 50% of their GB online order volume
from a network of 6 OFCs in the mid-2010s and pure play operators Ocado and Amazon
Fresh deliver exclusively from OFCs. At the time of our analysis, Ocado began delivering
products for Marks and Spencer (M&S) as part of a joint-ownership deal. Ocado has
previously collaborated with grocer Waitrose (who now operate their own store-based
online order fulfilment) and operate some of the logistics and warehousing for Morrisons
online groceries. In their investigation into the proposed Asda/Sainsbury’s merger in 2019,
the Competition and Markets Authority (CMA") (CMA 2019) recognised that a range of
operational, financial and competitive decisions underpinned these investments in gro-
ceries home delivery:
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(i) where to introduce online groceries operations (which stores to use as distribution
centres);

(i) the geographic extent over which deliveries will be made from a given store
(termed online service area);

(i) the level of capacity to offer (number of orders that can be handled);

(iv) the specific timed delivery slots that will be offered (which may be linked to
capacity), and;

(v) the cost of delivery passed onto the consumer (how much to charge for delivery
for each available delivery slot).

Although the media have identified limited examples of urban neighbourhoods that have
been blacklisted for online groceries provision by individual retailers who refuse to deliver
to these postcodes (Schlesinger 2010), we are unaware of any wider study of online
groceries availability. Clearly, retailers’ online service areas - the spatial extent over which
they will delivery orders from a given store or OFC - are a key driver of the provision of
online groceries at a neighbourhood level. Retailer-determined service areas influence
whether a given household is able to order online groceries from that retailer and is the
focus of our analysis.

In determining online service areas, retailers must account for costs associated with
‘the last mile’ — delivery of goods from store or OFC to the consumers’ home. Online
groceries inverts the traditional interaction between consumer and retailer in which the
consumer travels to the store, transferring costs of the last mile from the consumer onto
the retailer (Newing, Hood, and Sterland 2020). Grocers must delineate online service
areas that contain sufficient consumer demand to make the investment viable, whilst also
controlling the costs of delivery. Thus they must delineate compact online service areas
with high density affluent populations, balanced with the desire to maximise penetration
and market share by extending their online service areas into localities less proximate to
the store network.

Research highlights considerable additional costs in making home deliveries in rural
areas where order volumes and density are lower (Sousa et al. 2020; Gevaers, Van de
Voorde, and Vanelslander 2014), but where demand for online groceries may be driven by
poor access to physical retail opportunities (Cf. efficiency theory) (Brown and Guiffrida
2014; Hiibner et al. 2016; Fernie and McKinnon 2009; Aspray, Royer, and Ocepek 2013). We
thus hypothesise that the opportunities and benefits of online groceries may not have
been experienced evenly across the demand side. The nature of online groceries logistics
may result in an inverse relationship whereby the availability (retailer online service area
coverage) and quality (delivery slot availability and cost, product availability, etc.) of
online groceries are better in those areas that have greatest physical store provision or
which benefit from order volumes sufficient for the development of OFCs. Whist we lack
data on slot-availability and cost, the core aim of this paper is to assess the geographical
coverage of retailers’ online service areas.

The unprecedented Covid-19 situation demonstrated that some grocers could rapidly
extend online groceries capacity in localities where store-based or OFC infrastructure
already existed (e.g. by hiring additional pickers and drivers) (Coupe 2020). It also
demonstrated how available delivery slots could be prioritised for the most vulnerable
consumers (Tesco 2020). However, extending the service into localities that are not
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already served by online groceries operations is costly and requires an existing store
network to act as local distribution centres, or costly investment in new OFCs. Much
recent investment in online grocery provision has favoured enhancements to provision in
areas with existing high provision and uptake. For example, the 2019 launch of the Co-ops
online delivery service was focussed entirely on major urban areas of London and
Manchester, with subsequent expansion to stores in urban areas including
Southampton, Liverpool and Leeds (Co-op 2020). Similarly, the decision by M&S to
introduce online grocery shopping in a partnership with pure play online grocer Ocado
(Neate 2019) may limit the spatial extent over which the benefits of the online availability
of M&S groceries are realised.

The continued focus on urban areas for growth of online groceries highlights
a potential urban-rural inequality in provision of these services. Whilst a number of
existing studies have considered access to food stores in a physical sense, we are
unaware of any studies that have considered the geographical provision of online
groceries, or which have questioned whether access to groceries could be limited by
poor provision of online groceries, which we aim to address in this analysis. In the
following section we outline a methodology to assess online grocery delivery availabil-
ity, before assessing the geography of online groceries provision in GB utilising
a bespoke indicator of small-area grocery retail accessibility, the first of its kind to
capture online groceries availability.

Methodology: Assessing Delivery Availability

There are no public domain data sources of online groceries provision at
a neighbourhood level in GB. Whilst retailers make claims about coverage in press
releases or annual reports, they publish no definitive list of areas covered by their service,
with consumers required to input their postcode on retailers’ websites to check delivery
coverage. In order to meet our aim to build a GB-wide picture of delivery coverage, we
web-scraped this information from retailers’ websites. We focussed on five major grocery
retailers who operate a store network and online groceries: Tesco, Sainsbury’s, Morrisons,
ASDA and Waitrose. We also considered frozen food specialist Iceland and pure play
operators Ocado and Amazon Fresh. Whilst no data on online groceries market share are
available, our expertise of the GB grocery sector and discussions with industry represen-
tatives suggests that these retailers collectively account for at least £9 in every £10 spent
on online groceries in GB.

Each retailers’ website terms and conditions were checked to ensure that the research
abided by the terms and conditions outlined, including the robots.txt protocol that allows
website owners to indicate whether they are willing for their website to be scraped. Web-
scraping is an efficient method to gather information from webpages where APIs don't
exist (Mitchell 2015). It involves mimicking the behaviour of consumers using retailers’
websites to check delivery availability, extracting the relevant page contents and storing it
as structured useable data.

The web scraping undertaken in this work closely adhered to the Office for National
Statistics (ONS) Web-Scraping policy (ONS 2018), approved by the UK Statistics Authority
for ethical, transparent and compliant web-scraping for societally beneficial research. We
used the ‘requests’ (2.21.0) module in Python 3.6 to send requests (inputting a target
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postcode) to retailers’ web servers and to record the responses (delivery coverage avail-
able or not available). Each retailer's website required a slightly different approach,
dependent upon the structure of their website delivery availability postcode checker.
Additional details on this can be found at: https://github.com/fmav1/
WebscrapingDeliveryAvailability.

The terms and conditions of the Tesco website meant that it was not possible to apply
web-scraping techniques to extract their delivery availability. Information provided by
Tesco to the CMA (2019) reveals that Tesco provided online groceries coverage to 99.7%
of UK households. Based on our own analysis of Tesco's store network, we believe a total
of 9,947 households (0.3% of UK households) have no online groceries delivery coverage
by Tesco, all of which are located on outlying Scottish Islands. We manually added Tesco
delivery coverage to our web-scraped dataset.

We undertook analysis at a Lower Super Output Area (LSOA) level, associating each
LSOA with a single-unit postcode representing its population weighted centroid (ONS
2019). LSOAs are a small-area geography in England and Wales and part of a statistical
hierarchy of zones used for the dissemination of census and population data. They have
a maximum population of 3,000 residents or 1,200 households (ONS 2016) and thus
represent the neighbourhood level. For our analysis they offer a balance between geo-
graphical precision and detail alongside the need for efficient web-scraping and the
ability to link to other small-area indicators (of deprivation and rurality for example)
which are released at the LSOA level. For our analysis in Scotland, Data Zones were
used and represent the closest equivalent to LSOAs in England and Wales. They have
a slightly smaller target population of between 500 and 1,000 residents (SNS, No DateNo
Date) but enable equivalent linkage to underlying census and neighbourhood statistics.
We have a total of 41,735 LSOAs or DZs within our analysis, representing a total of 25.7 m
households.

We also acknowledge that our decision to focus on the 8 major retailers outlined above
will miss some localised or smaller scale provision. This includes online delivery offered by
the Co-op (which at the time of analysis provided a list of stores that offer this service but
no indication of their service areas (Co-op 2019), independent community shops offering
online groceries (see Plunkett Foundation 2017), other local food systems such as farm
shops and third sector support for shopping (e.g. see Age UK 2019). Whilst these may be
an important source of groceries for some consumers, the major players included in our
analysis account for the bulk of the market, as outlined above and offer the full range of
food and non-food products stocked within larger grocery stores. Additionally, we con-
sider only Amazon’s ‘Amazon Fresh’ groceries service that is akin to online groceries
services provided by the major grocers (CMA 2019) rather than its more limited product or
coverage offering available via ‘Amazon Pantry’ or ‘Amazon Prime Now'.

Results: the geography of online groceries home delivery
Overall delivery coverage

Figure 1 illustrates the delivery coverage of the seven retailers that were part of our web-
scraping (Tesco is not illustrated separately given its near-complete national coverage).
Our findings are consistent with the CMA investigation into the proposed Sainsbury’s and
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Figure 1. GB groceries delivery coverage by retailer and overall coverage (count of retailers offering
delivery) at the LSOA level as of July 2019.

Table 1. GB delivery coverage by retailer at LSOA and household level.

Retailer LSOA/DZ count % of LSOAs/DZs Household count % of households
Tesco 41,702 99.92% 25,729,960 99.96%
Asda 41,420 99.25% 25,602,765 99.46%
Sainsbury’s 40,805 97.77% 25,336,799 98.43%
Morrisons 36,010 86.28% 22,714,459 88.24%
Waitrose 35,302 84.59% 22,257,587 86.47%
Iceland 34,857 83.52% 21,690,464 84.27%
Ocado 29,557 70.82% 19,763,226 76.78%
Amazon Fresh 5471 13.11% 3,677,320 14.29%
TOTAL 41,735 25,740,745

Asda merger which noted the near-national presence of Tesco, Sainsbury’s and Asda in
online groceries (CMA 2019). Our analysis reveals that these three retailers each offer
delivery coverage to in excess of 98% of all GB households, with less than 500,000
households falling outside the service area of at least one of these three major retailers
(Table 1).

Table 1 highlights that overall coverage of online groceries by the major three
providers is comprehensive, with further coverage enabled by Morrisons, Waitrose
and Iceland, each providing delivery coverage to in excess of 80% of GB households,
albeit with a clear spatial bias towards England for Waitrose and towards urban areas for
Iceland. Pure play operator Ocado provides coverage to approximately 75% of house-
holds in GB, though this is entirely focused on England and south Wales with limited or
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Table 2. Delivery coverage by retailer and relative deprivation at the LSOA level (proportion of
households in each IMD decile with delivery coverage by stated retailer).
Coverage by retailer

IMD Decile Tesco Asda  Sainsbury’s Morrisons Waitrose Iceland Ocado Amazon

1 100.00% 99.86%  99.50% 94.76%  79.31% 9831% 75.60%  8.15%
2 100.00% 99.41%  99.60% 92.85%  85.10% 96.33% 77.84% 20.48%
3 99.99% 99.09%  98.98% 90.21%  84.36% 92.92% 76.53% 18.85%
4 99.96% 99.35%  98.08% 85.90%  85.80% 85.90% 72.54% 15.87%
5 99.85% 99.13%  97.29% 84.89%  86.00% 80.07% 71.68% 14.03%
6 99.83% 98.99%  96.68% 84.87%  85.67% 75.45% 75.15% 12.70%
7
8
9
0

Relatively more deprived

99.99% 99.39%  97.09% 8531%  85.98% 76.05% 76.21% 12.11%
99.97% 99.60%  98.17% 86.94%  87.84% 77.65% 78.13% 11.74%
100.00% 99.96%  99.36% 87.81%  89.81% 80.07% 80.37% 12.50%
100.00% 99.94%  99.68% 88.80%  95.82% 78.77% 84.63% 16.36%

Relatively more affluent

no coverage in large areas of south west England, rural Wales, East Anglia, and large
parts of northern England and Scotland. Hiibner et al. (2016) report that this coverage is
achieved through a network of just two regional fulfilment centres and a series of
smaller local warehouses. By contrast Pure Play operator Amazon Fresh has the most
geographically restricted delivery coverage centred only on selected London postcodes,
yet given the high-density population in these areas is able to offer coverage to almost
15% of GB households.

Figure 1 also highlights total delivery availability (number of retailers providing deliv-
ery coverage) by LSOA and reveals a clear distinction whereby most of England and the
major urban areas in Wales and Scotland enjoy excellent delivery coverage, whilst
a limited number of rural areas in south west and northern England, and much of rural
Wales and Scotland face comparatively much poorer choice of delivery providers. Thus,
urban-rural geography is clearly important in driving inequalities in provision as consid-
ered in the following section.

Linkage of our LSOA level delivery coverage (as shown in Figure 1) with additional
neighbourhood level indicators reveals that delivery coverage is also in line with revealed
consumer brand preferences in GB (Newing, Clarke, and Clarke 2014) with online gro-
ceries coverage by Waitrose and Ocado focussed predominantly on more affluent areas
whilst coverage by Iceland and Morrisons is greater in more deprived neighbourhoods
(Table 2), reflecting the store network and typical location-types favoured by these
retailers. Specifically, there is no evidence that consumers in more deprived neighbour-
hoods — many of which were previously thought of as urban food deserts — experience
poor access to online groceries.

Similarly, our analysis draws on 2011 Census data in relation to car ownership finding
evidence that households without access to private transport benefit from online delivery
coverage. We do find some evidence to suggest that those households with lower
broadband speeds (derived from data provided by CDRC 2020) experience poorer choice
in online groceries, with those households with the lowest broadband speeds (<10 Mbps)
more likely to have limited choice of online delivery provider (coverage provided by two
or fewer retailers). This may be a legacy of lower order volumes within these areas,
originally driven by poor connectivity (cf. innovation diffusion theory). However, we find
no evidence that neighbourhoods with a lower propensity to shop online for groceries (as
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revealed by the 2018 Internet User Classification (Alexiou and Singleton 2018), explored in
a little more detail below) have poorer delivery coverage and so propensity to engage in
online groceries doesn't appear to be directly related to coverage.

Urban-rural distinctions

To define degree of rurality, we utilise (by grouping categories) the 2011 Rural-Urban
classification (RUC) for small-area geographies (in England and Wales) (ONS 2013) and the
Scottish Equivalent (Scottish Government 2016), as shown in Table 3. The Rural-Urban
classification is on official statistic used to distinguish rural and urban areas, classing rural
areas as those that are outside settlements with a resident population of more than
10,000, providing a clear definition or urbanity and rurality which is consistent with
previous research.

We find considerable differences in coverage by degree of rurality, as shown in Table 4.
All households with no delivery coverage are located in areas that we have classed as
remote rural (all of these households are located on Scottish Islands). Consumers living in
areas classified as remote rural experience considerably poorer access to online groceries,
and more limited choice in provider than their urban counterparts. Whilst urban neigh-
bourhoods typically benefit from delivery coverage by at least four of the six retailers that
operate a store network, residents of rural areas are less likely to be able to obtain delivery
from Morrisons, Waitrose, Iceland or Ocado. Less than 5% of households in the most
remote rural areas fall within the online service areas for Morrisons or Waitrose, with no
Ocado or Amazon Fresh coverage in these areas.

Table 3. Definition of urban-rural.
Degree of rurality Grouped Rural-Urban Classification Categories

Conurbation ® ‘major conurbation’ and ‘minor conurbation’ (E&W)
® ‘large urban areas’ (Sco)
Urban ® ‘city and town’, ‘city and town in a sparse setting’ and ‘town and fringe’ (E&W)
® ‘other urban areas’, ‘accessible small towns’ and ‘remote small towns’ (Sco)
Rural ® ‘rural town and fringe’, ‘rural town and fringe in a sparse setting’ and ‘village and

dispersed’ (E&W)
‘very remote small towns’ and ‘accessible rural areas’ (Sco)
Remote rural ® ‘village and dispersed in asparse setting (E&W)

® ‘remote rural areas’ and ‘very remote rural areas (Sco)

Table 4. Delivery coverage by rural-urban classification.

Rural-urban classification Conurbation Urban Rural Remote Rural
Retailer Proportion of households within each area type with delivery coverage by retailer:
Tesco 100% 100% 100% 92.26%
Asda 99.40% 99.95% 99.38% 63.57%
Sainsbury’s 99.99% 99.49% 95.02% 25.92%
Morrisons 97.80% 87.78% 74.81% 1.58%
Waitrose 90.69% 87.39% 78.89% 4.43%
Iceland 98.05% 91.40% 43.53%

Ocado 83.98% 80.19% 57.28%

Amazon Fresh 32.59% 6.28% 2.51%

No provision 2.68%

No choice of provider 0.56% 11.49%
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Overall, almost 67,000 households have no choice of delivery provider, with over 60%
of those being in the areas that we have classified as remote rural, the remainder drawn
from areas classified as rural. For almost all of these households delivery is only provided
by Tesco. Across GB, just over 230,000 households have a choice of only two retailers,
most commonly Tesco and ASDA. Given that these households are likely to represent
those with poorest access to physical store provision (due to their predominantly remote
rural location), lack of choice of retailer for online groceries may result in a poorer
shopping experience for these consumers. Lack of online delivery provider means that
consumers may have limited delivery slot availability, restrictive minimum order values to
qualify for delivery or prohibitive delivery costs. This was specifically noted by the CMA
(2019) in relation to the Sainsbury’s-Asda merger where they identified scope for these
‘coordinated effects’ between the major players in the online groceries sector in situations
where consumer choice of online groceries provider is limited.

Our web-scraped assessment of small-area online groceries provision is the first
comprehensive assessment of online groceries coverage and reveals geographical
inequalities in the availability of online groceries. Whilst geographers have traditionally
considered inequalities in grocery retail provision in urban areas (cf. the food deserts
debate), our analysis highlights that considerable inequalities in retail provision are
evident between urban and rural areas, exacerbated by geographical inequalities in
online groceries coverage. In the following sub-section we use our web-scraped delivery
availability as part of a bespoke composite indicator which captures the impact of
geographical variations in online groceries availability as part of a measure of neighbour-
hood access to retail services.

Assessing the impact of online groceries on food deserts

In spite of widespread academic and policy interest in geographical access to food, there
is not a consistent methodology to measure grocery retail accessibility at a local level.
Sparks, Bania, and Leete (2010) note that attempts to identify food deserts typically
identify vulnerable neighbourhoods (e.g. low income) that do not meet a specific thresh-
old measure of accessibility to food retail opportunities. The definition of vulnerable
neighbourhoods and the appropriate threshold distance to use vary between studies
and international contexts — see Sparks, Bania, and Leete (2010) for an excellent overview
of the range of accessibility measures utilised within previous studies of food deserts in
the UK, USA and Canada.

We draw upon a bespoke composite index which captures the likely presence of food-
deserts at a neighbourhood level. The index has been produced by the authors and
described fully in (Newing and Videira 2020) using a consistent methodology for all
neighbourhoods (LSOAs/DZs) in GB, enabling comparison between areas. Whilst we
briefly outline the construction and composition of the index in the following paragraphs,
our discussion here is concerned with the impact of incorporating online groceries
provision (as collated and outlined in the previous section) within the index, assessing
the contribution of geographical variations in online groceries provision to this overall
measure of grocery retail accessibility.
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Our index captures a range of factors that influence the multi-dimensional nature of
groceries accessibility as experienced by consumers at the neighbourhood level. A total of
12 input indicators are used, determined based on insight from the literature, our experience
of modelling consumer behaviours within the grocery sector and an assessment of multi-
collinearity between indicators. Each indicator is robust at the small-area level and captured
consistently across all LSOAs/DZs. The four equally weighted domains and their indicators are
sumarised below, with two domains broadly focused on accessibility of physical grocery retail
provision, one domain focussed on demand side characteristics and a final domain concerned
exclusively with online groceries. For more detail on the indicators chosen and justification for
their inclusion, see Newing and Videira (2020).

)

Retail opportunities: These measures are widely used in the literature as an
indicator of geographic food access (see Charreire et al. (2010) for a detailed over-
view). We calculate the distance to the nearest large grocery store (greater than
15,069 square foot as defined by the CMA (see Geolytix 2019)), the average distance
to the nearest three grocery stores (an indicator of consumer choice in physical
groceries provision) and the number of stores within 1 km of each neighbourhood
(density of retail provision), capturing multiple dimensions of store accessibility,
choice and competition as experienced by consumers. We also capture a Hansen-
style indicator of store accessibility (which additionally accounts for store size and
brand, important measures of store attractiveness) derived from a custom-built
spatial interaction model (SIM) to simulate GB-wide grocery retail flows between
neighbourhoods and physical grocery stores at the LSOA level.

Transport and accessibility: Captures additional domains of grocery store geogra-
phical accessibility using indicators of travel time to nearest food store by car and on
foot (derived from the Index of Multiple Deprivation and published journey time
statistics) and our own measure of average trip distance for grocery shopping. The
latter reflects modelled trip distances to stores used for grocery shopping (which may
not be the nearest store) by residents in each LSOA, accounting for brand preferences
and store attractiveness (store size) and derived from our custom-built SIM.
Neighbourhood socio-economic and demographic indicators: This domain
captures income deprivation (derived from the IMD) (the link between poverty
and food insecurity is well documented (Smith et al. 2018) alongside census-
derived measures of car ownership (lack of car ownership may be a barrier to
accessing food stores, especially where income barriers may make other sources of
transport unaffordable or public transport provision may not be available) and the
presence of pensioner households.

Online groceries: This novel domain is the unique contribution captured within
this paper, reflecting the availability of online groceries home delivery (using the
count of retailers providing delivery to each LSOA as collected in our analysis
and outlined above) and the propensity for residents in each LSOA to shop
online for groceries, derived from the Internet User Classification (IUC). The 1UC
provides small area estimates of internet engagement drawn from a range of
input data from large-scale surveys and transactional sources (Alexiou 2019). It
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explicitly reports propensity to shop online for groceries, from which we have
extracted the relative propensity — by IUC group (n = 10) — to shop online for
groceries.

The final index provides a single score for each LSOAs/DZs enabling each area to be
ranked or grouped into deciles, with higher scores and lower ranks/decile groupings
reflecting that an area experiences comparatively poor provision of and access to grocery
retail opportunities - including online groceries. The inclusion of online groceries as
a separate domain enables us to explicitly consider novel notions of groceries accessibility
across both physical and online channels. Although not the focus of our discussion,
removal of the online groceries domain provides a contemporary measure of food deserts
by their original definition (based on physical store accessibility, see Wrigley (2002). In
2019, food desert-like characteristics are evident in some of the deprived inner city
neighbourhoods of cities such as Leeds, Bradford and Cardiff, which were the focus of
previous research into urban food deserts (Wrigley, Warm, and Margetts 2003; Wrigley
2002; Clarke, Eyre, and Guy 2002). Notably, we also find that food desert-like character-
istics are exhibited in those areas classified as rural or remote rural, where limited physical
store provision and comparatively poorer online groceries provision coincides with
pockets of deprivation and lack of access to private transport.

Our analysis reveals that online groceries provision affords some improvement to
groceries accessibility in rural areas, with over two thirds of neighbourhoods classified
as ‘rural’ exhibiting improved access to groceries (less food desert-like characteristics)
following the inclusion of online groceries within our index (Table 5). By contrast,
incorporation of online groceries resulted in over 87% of those LSOAs/DZs classified as
‘remote rural’ experiencing poorer access to groceries relative to other neighbourhoods
(Table 5). Thus, we observe that the relatively good coverage of online groceries in
(accessible) rural areas (where households typically benefit from a number of providers)
improves overall access to groceries in these areas, many of which score relatively poorly
in terms of access to large format physical stores.

Limited coverage (typically manifest in lack of choice of online delivery provider) in the
most remote rural areas means that those areas experience a worsening in their overall
relative position within the index after online groceries is accounted for. This highlights
that poor online groceries coverage in areas classified as remote rural is exacerbating
inequalities in access to groceries. These areas are already some of the most remote from
physical store provision (as highlighted by the retail opportunities domain), with acces-
sibility not substantially improved by online groceries provision, at least not to the extent
that it is in less remote neighbourhoods.

Table 5. food desert index scores and relative ranks by degree of rurality.

Mean score excluding Mean score including Proportion of LSOAs with improved
online’ online rank
Conurbation 19.33 19.37 64.3
Urban 18.30 19.06 535
Rural 33.07 30.76 67.1
Remote 4433 49.73 12.9

Rural
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Interestingly, incorporation of online groceries also drives relative improvements in
groceries accessibility in many major urban areas. This is likely to be a result of the
excellent online groceries coverage within many of these areas, including coverage by
pure play grocers Ocado and Amazon Fresh. It may also reflect comparatively poorer
provision of large format stores in some of the major conurbations due to the high costs
of development and lack of suitable within-centre sites, with larger format stores typically
located in fringe and out of town locations. Our index thus highlights a complex relation-
ship between online groceries provision and overall accessibility to groceries retail
opportunities as experienced at a neighbourhood level and explored further in the
following concluding section.

Discussion and Conclusions: Online Groceries Delivery Coverage

Our web-scraped assessment of small-area online groceries provision is the first GB-wide
assessment of delivery coverage. Whilst geographers have traditionally considered
inequalities in grocery retail provision in urban areas (cf. the food deserts debate), we
suggest that the growth and provision of online groceries are exacerbating existing
urban-rural inequalities in retail provision. Notwithstanding the discussion below, our
analysis meets its stated aims and reveals that coverage of online groceries at the
household level is generally excellent. The three major online players in this market
each provide online groceries coverage to in excess of 98% of GB households).
However, inequalities in provision and choice of provider remain, notably between
urban and rural areas, with retailers facing considerable challenges in providing com-
plete-national delivery coverage. Similar urban-rural inequalities have been identified in
other forms of food-based online ordering for home delivery, including Just Eat (the
market leading provider of delivered food prepared away-from-home) (see Keeble et al.
2021, for an excellent overview).

A minority of households are dispersed among large and sparsely populated rural areas
where limited store provision restricts the opportunity for infrastructural investment in
online groceries capacity. Only a limited number of retailers (in this case Tesco, Sainsbury’s
and Asda) have the scale and geographical distribution of stores in order to offer near-
national coverage, and their ability to do so is still restricted in some remote rural areas
where store provision is limited or journey times to reach dispersed households are
prohibitive in offering this service. Our custom-built multi-domain index capturing phy-
sical store accessibility and online groceries coverage reveals that neighbourhoods which
are the most remote from large format grocery store provision also face poorer provision
of online groceries in the form of limited choice (and in a small number of cases no
availability) of online groceries coverage. Previous analysis by the CMA (2019) has high-
lighted that online groceries is a powerful driver of competition in the grocery sector with
implications for online groceries service quality and pricing.

The Covid-19 shift in consumer preference for online groceries evidenced that retailers
could rapidly boost delivery capacity via introduction of additional delivery slots (Coupe
2020; Tesco 2020). However, this was dependent upon existing infrastructural capacity
and predominantly benefits those areas where delivery coverage was already available.
Expanding coverage beyond the existing store network in order to meet the needs of
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those consumers with limited coverage (including those with lack of choice of provider) is
a more costly process requiring longer-term investment and the introduction of delivery
capability at stores that are not currently utilised for this service.

Whilst our analysis is based on the online groceries market in GB where attended
delivery (consumer at home to receive delivery) is most common (Wollenburg et al. 2018),
there are a number of international examples of retailer-led innovations which attempt to
extend the coverage of online groceries within rural areas. These include greater use of
non-store-based collection points or reception boxes in the most remote rural areas,
passing some of the costs of the last mile back onto the consumer and improving the
efficiency of the delivery network (Morganti, Dablanc, and Fortin 2014; Wollenburg et al.
2018). Hood et al. (2020) recognise the potential value in retailers developing collection
points in locations where access to physical retail opportunities are low, given evidence
that substitution of store visits for online groceries is taking place in these areas. However
(and in relation to store-based collection points) Davies, Dolega, and Arribas-Bel (2019)
note that groceries collection points still require costly temperature controlled storage
that may be a barrier to their roll-out.

More innovative solutions to improve delivery coverage in those (rural) localities with
a lack of choice of provider could include delivery pooling. Here one retailer (or a trusted
third party) delivers online groceries orders from multiple retailers (see Pfeiffer 2018, for
an example from a German context). Gevaers, Van de Voorde, and Vanelslander (2014)
demonstrate the cost savings that this could afford in terms of efficient vehicle routing.
The highly competitive nature of the GB grocery market may make this form of long-term
collaboration unlikely, although during the initial Covid-19 lockdown phase competition
laws were relaxed in order to enable grocers to share warehouse space and home delivery
vehicle fleets, maximising the number of online grocery orders that could be serviced
(Yorke 2020).

Other delivery pooling opportunities to improve coverage in rural areas could include
crowdshipping, whereby consumers shopping in-store deliver one or more online custo-
mer orders in proximity to their home address on their return journey from the store
(Gdowska, Viana, and Pedroso 2018). Trialled by US grocer Walmart in 2012 (Gdowska,
Viana, and Pedroso 2018) and third party platforms Shopwings and MyWays in German
and Sweden, this could enable consumers to cover the last mile on behalf of the retailer,
typically incentivised with a discount on their own shopping. In a GB context, Beelivery
offers same-day online groceries home delivery using third-party drivers who undertake
in-store shopping on behalf of the customer, using their own vehicle to deliver the order.
Whilst drivers are typically couriers or taxi drivers looking for an additional income,
anyone can register with the service (which at the time of writing is predominantly
available in cities and major urban areas, though some rural postcodes are represented)
and could fulfil these orders alongside their own food shop. If rolled out at scale beyond
urban areas, these services could offer considerable improvements to online delivery
availability in rural areas, notwithstanding possible issues with delivery reliability and
potential for theft/fraud when utilising this form of crowdsourced model (summarised by
Hubner et al. 2016).

The innovations highlighted above suggest that online groceries could actually offer
a mechanism to improve grocery shopping accessibility for those consumers who live in
neighbourhoods that are remote from physical store provision. The provision and
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coverage of online groceries is ultimately a commercial decision on the part of retailers
and whilst these suggestions could afford considerable improvements in online groceries
coverage and choice for some consumers, their introduction would be reliant on retailers
anticipating sufficient benefits relative to costs in the form of consumer orders from these
localities. Growing consumer propensity for online groceries (strengthened by uptake
during the Covid-19 pandemic) and ongoing retailer expansion of these services suggests
that previously under-provided rural localities could afford benefits for retailers looking to
expand their online groceries coverage, notwithstanding the infrastructural costs
involved.

Our ongoing analysis considers the extent to which online groceries provision and
choice is linked to indicators of underlying physical store access. To that end we hope to
re-ignite the food deserts debate, assessing the extent to which online groceries provision
may be further exacerbating inequalities in groceries accessibility as experienced at the
neighbourhood level. Specifically we seek to consider additional geographical indicators
of online groceries provision which include delivery slot availability (driven by store
capacity and order volume), delivery slot cost (for example Waitrose offers free delivery,
ASDA applies consistent national pricing whilst other retailers vary delivery prices locally
(CMA 2019) or product range and availability.

The analysis presented in this manuscript is an essential starting point in driving
forward that research agenda and offers a novel insight into online groceries coverage
at the household level. Our web-scraped fine-grained delivery coverage indicators reveal
geographical variation in the geography of online groceries, whilst highlighting the
potential for online groceries to improve consumer access to groceries and reduce food
insecurity at the neighbourhood level.

Notes

1. The UK independent non-ministerial government department which promotes market com-
petition for consumer benefit.
2. Higher score denotes greater presence of characteristics associated with food deserts
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