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S9. The Oxford Retail Consultants’ Great Britain human movement database

In this study we utilize a human movement database, termed the Great Britain human
movement database, that has been developed for this project by Oxford Retail Consultants.
A range of similar databases are in operation or being created (see [1,2]), with one being
developed for use by UK government agencies [3]. The continued growth in these
databases is facilitated by computational advances in the storage and processing of data.
Therefore while the Great Britain human movement database is key to the working of our
model, we believe that any similarly detailed data would provide similar benefits.

While the precise formulation, parameters and underlying data used to derive the human
movement database is commercially sensitive, the broad approach is standard [1,2]. The
area of England, Wales and Scotland is overlaid by a hexagonal lattice, with each hexagonal
cell having a diameter of 500 metres. It is this hexagonal lattice of approximately 21
million cells that forms the basis of all the underlying spatial processes. The population
within each hexagon is based on detailed UK census information, together with more up-
to-date commercial information that tracks local changes in housing and occupants’ socio-
demographics. For each hexagon we therefore are able to create a synthetic population
from a known age, gender and employment-status distribution. Aggregating this
information generates the national population; therefore for each individual i in England,
Wales and Scotland we know their socio-demographic status, ¢, and the hexagon that
contains their home, H..

Movement is based upon a spatial interaction model, where hexagons have an associated
attractiveness for each activity type, k [1,2]. Taking a single representative example will
illustrate the processes involved; we will consider individual i and the activity type of food
shopping. Given that we know that individual i lives in hexagon H; and their age, gender
and employment-status (as captured by ¢), this provides valuable information on their full
socio-demographic status (that we will term @i(¢;H;) ) which in turn informs about
spending potential, retail preferences and weekly activity pattern based on amalgamated
market-research information. Given the full socio-demographic status (@;) there will be
known preferences, Ps(®;), for a particular shop or supermarket, s, that will depend upon
the brand and size of the shop. Locations and sizes of shops (both food and non-food) are
commercially available. A cost of travelling to the shop, c(s,H;) is quantified by estimating
travel routes. The number of people of socio-demographic status @ who travel to shop s
on day partd, N’(®,), is estimated by:

N{(@)=P(D)X f(c(s, H) X O (D)X W(®)) (S7.1)

where O‘(®,) is a measure of the demand on day part d and
W(®,)=1 /Zﬂ(d)i)f(c(s,ﬂi)) is a balancing factor that takes account of the competition

and ensures that all demand is allocated to all centres in the region.
The precise functional form of the model is parameterised to match retail patterns, such as
those collected through store loyalty cards and electronic point-of-sale records [1,4]. The
probability that individual i will visit hexagon x during day part d is then
P/(x1®)=Y N/ @)/ N,

' (S7.2)

where N, is the total number of individuals of status @; An example of the accuracy of the

Oxford Retail Consultants’ model in predicting the “catchment area”, or the area that



contains the residential locations of potential customers, for a particular brand of shop,
“ILVA”, for the borough of Thurrock, England, is shown in Figure S8.1.

In addition to travel for food shopping activity the database also includes predictions of
journeys made for non-food shopping, work, school and higher education activity.
Locations, sizes and types of school and work-places are available through public sources
such as the England National Pupil Database and the United Kingdom Census, as well as
commercial sources. The workplace data provided to Oxford Retail Consultants by Blue
Sheep (http://bluesheep.bluegroupinc.com/products/ukbu). Since UK businesses are
obliged to register, this will include all businesses, regardless of size, who are operating
legally.

While the Oxford Retail Consultants’ Great Britain human movement database is clearly a
highly detailed representation of human movement patterns based on an amalgamation of
various data sources, there are areas of weakness. The main focus of Oxford Retail
Consultants has been the retail sector, and therefore movement for social activities has
been less developed. Similarly, we may expect fluctuations in travel behaviour over the
year that are not captured in the database, either due to temperature and holiday patterns,
or particular events (eg sporting fixtures). In addition, the Great Britain human movement
database seeks to apply one set of universal rules to the entire population, therefore local
knowledge of travel patterns or individual travel-histories are generally likely to be far
more detailed and representative of the true situation. Figure S9.1 gives an example of the
ability of the database to predict spatial patterns of shopping activity for large
subpopulations in the United Kingdom.
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Figure S9.1. Verification of the predictions of the Oxford Retail Consultants model for different
regions within Great Britain.
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